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1 Introduction

Under the pressure of population aging, governments have or plan to encourage late

retirement through policy reforms. Health is one of the critical factors to be considered.

A major concern is whether the older workers have the health capacity to work (Cutler,

Meara, and Richards-Shubik (2013) Coile, Milligan, and Wise (2016)). At the same time,

even if they had the capacity, the welfare consequences of poor health may be nontrivial and

unequal. Much of the existing work focuses on the labor supply side.1 What is the role of

health in retirement, if we consider the extent to which health is required by the demand

side of labor markets?

This question could be important given the fact that health is multidimensional and jobs

require heterogeneous abilities. First of all, macro changes such as the skill-biased technical

change, structural transformation, automation, and most recently Covid-19, have remolded

jobs substantially (Katz and Murphy (1992), Acemoglu and Autor (2011), Deming (2017)).

In particular, jobs on average have been less physically demanding but require more cognitive

abilities. Second, policy proposals are targeting very advanced ages. Poor cognitive health

could be increasingly germane as the prevalence of dementia grows exponentially with age

(van der Flier and Scheltens (2005)). Third, the importance of health may differ by job

given its multidimensionality. Stephen Hawking earned 138 thousand Google citations on

the wheelchair, while Forrest Gump succeed in American football and ping-pong despite

being slow-witted. The consequence of poor health might flip should their careers exchange.

In this paper, I examine the roles of physical and cognitive health in retirement, focusing

on their interplay with the heterogeneous ability requirements across occupations. Based on

novel empirical facts, I develop and estimate a dynamic programming model of retirement

that accounts for both the physical and cognitive dimensions of health, which are allowed to

affect retirement differentially across occupations. By muting related channels, I find that

while cognitive health has a minor effect on retirement at earlier ages, it overtakes physical

health and becomes much more critical by age 75. Moreover, physical and cognitive health

disproportionately explain a large share of the health-driven employment declines between

51 and 70 across occupations, where heterogeneous ability requirements play a crucial role.

Counterfactual experiments also show that the labor supply of manual workers turns out to

be more responsive to policy change, although these workers suffer greater welfare loss.

1For instance, the survey by Blundell, French, and Tetlow (2016) suggests: “Our focus in both sections
is on factors affecting the supply of labor among older workers. We do not devote much attention to factors
potentially affecting the demand for older workers ..... Trends in employment of older workers have been
rather similar across a large number of countries over recent decades... This suggests that supply-side factors
may be the most important.”
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To shed light on the link between health and work requirements, I start by merging the

restricted data of the Health and Retirement Study (HRS) with the occupation information

provided by the Occupational Information Network (O*NET). The restricted version of HRS

provides each individual’s three-digits occupation code instead of the masked code with only

25 categories in the public version. It allows me to exploit the fine variations in detailed

ability requirement information for more than 900 occupations provided by O*NET. With

cognitive declines, older workers are found more likely to retire in those occupations with

higher requirements for cognitive abilities. A similar pattern holds for physical health. Are

these gradients mechanical? What are the roles of physical and cognitive health in secular

occupation classifications? Based on the manual, clerical and professional categories, I show

that the ability-requirement gradients also translate into the occupation gradients. If we

focus on education, a common heterogeneity that correlates with occupation, the gradients

still exist but become more modest. The gradients are also weaker if we rely on subjective

health measures and between-individual variations. These facts suggest the necessity to

focus on occupations, which directly reflect the heterogeneous health requirements, and be

careful about the measures and variations for identification. I also find people’s cognitive

health declines much faster in their 60s than 50s. Particularly, this accelerated decline is

unique for cognitive health, which is absent for either the physical health measure or the

self-reported health.

Motivated by these facts, I develop and estimate a dynamic programming model of retire-

ment and saving decisions, to understand the role of multidimensional health in retirement

across occupations and to implement welfare analysis under policy reforms. The key features

of the model are that it incorporates two dimensions of health: physical and cognitive, and

it allows them to affect retirement differentially across three occupation categories: man-

ual, clerical, and professional.2 How does poor health affect retirement behaviors? Working

under poor health is particularly suffering. Poor health can also reduce productivity and

wage, weakening the pecuniary incentive to work. These two channels characterize the

health requirement by work. On top of these, through forward-looking, older workers ex-

pecting shorter life expectancy will retire earlier. Meanwhile, stochastic health contributes to

longevity risk, and older workers may retire later to hedge this uncertainty (Haan and Prowse

(2014), Cocco and Gomes (2012)). Finally, poor health incurs medical expenses, which older

workers may have to finance through working. This medical expense channel also interacts

with an individual’s health insurance type, which is endogenous to the retirement decision

2The model implicitly allows for occupation changes within groups but abstracts from modeling the
change across groups, which tends to provide a lower bound for the negative impact of poor health on labor
market outcomes. The data section provides more detailed discussions.
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(French and Jones (2011)). The model incorporates these channels respectively for physical

and cognitive health, and they are allowed to differ across occupations directly or indirectly.3

The differential retirement effects of health are also likely to rise from the socioeconomic

gaps across occupations. The model captures rich heterogeneity at the individual level: wage,

assets, Social Security benefit, private pension, employer-provided health insurance, Social

Security Disability Insurance, physical and cognitive health, life expectancy, education, and

so on. The model also embeds detailed rules of Social Security. The joint distribution of

these variables differs across occupations empirically, which is essential for characterizing the

different retirement behaviors.

I use indirect inference to estimate the model on a sample of older men in the United

States, combining data from the HRS 1996-2012 with the administrative data of earnings his-

tory from the Social Security Administration. The reduced form evidence suggests objective

measures and variations over time are important for pinpointing the occupation gradients.

By indirect inference, I make use of the flexibility of auxiliary models to exploit specific

data variations to identify the structural parameters. This approach is in line with a few

but burgeoning structural studies exploiting more delicate variations for identification (e.g.

Attanasio, Meghir, and Santiago (2012), Fu and Grerry (2019)).4

The first counterfactual experiment is implemented to understand the roles of physical

and cognitive health in retirement from a dynamic perspective. Both the history and the

expectation of health affect the evolution of other variables that are important for retirement,

such as savings. The role of health is thus obscure if we simply compare two otherwise

the same individuals with only different contemporaneous health statuses. Based on the

estimated model, I am able to shut down the channels of poor health and simulate older

workers’ labor supply throughout. In the absence of poor health, the labor supply increases

at each age. I find, at younger ages, the increase by muting poor cognitive health is half

compared to physical health, implying a minor role of cognitive health. However, this relative

effect remains small up to age 67 and has since risen exponentially, reaching as much as 200

3The literature has identified five main channels for the retirement effect of health, though the empirical
work modeling all channels in detail is yet to be present (French and Jones (2017)). The current model
includes Social Security Disability Insurance as the fifth channel in a parsimonious way. It predicts the
eligibility of SSDI based on existing state variables while following the rule of SSA to predict the benefits.
Studies that specifically model the endogenous DI application include Bound, Stinebrickner, and Waidmann
(2010) and French and Song (2012).

4With the exception of French (2005) and French and Jones (2011), much of the existing work essentially
uses a mix of within- and between-individual variation to identify the effect of health on retirement in struc-
tural models, such as Rust and Phelan (1997), Van der Klaauw and Wolpin (2008), Bound, Stinebrickner,
and Waidmann (2010), Gustman and Steinmeier (2015). Reduced form evidence highlights the different
results identified by cross-sectional and panel data variation. Discussions can be found in Lumsdaine and
Mitchell (1999) and Blundell, Britton, Dias, and French (2021).
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percent at age 75. This finding suggests the importance of considering cognitive decline at

advanced old age, which is targeted by many policy proposals.

Moreover, the roles of physical and cognitive health in retirement differ substantially

across occupations. The overall health, combining both dimensions, explains 19.8%, 19.7%,

and 11.2% of the employment decline between age 51 and 70 for the manual, clerical and

professional occupations respectively. The magnitudes are on par with studies based on the

general health without distinguishing different dimensions. However, if taking into account

only the physical dimension by muting the channels of cognitive health, employment declines

are explained by 15.7%, 8.2%, and 1.4% for the manual, clerical and professional occupations

respectively. In contrast, cognitive health explains the declines by 3.6%, 10.1%, and 10.3%

if the physical channels are shut down.

These differential effects of health may arise from the socioeconomic gaps or the het-

erogeneous ability requirements across occupations. Notice that the occupation gradients

are opposite for physical and cognitive health, which is hard to be rationalized by merely

the difference in socioeconomic status. Nevertheless, to further substantiate the importance

of heterogeneous ability requirements, I implement experiments under the counterfactual

ability requirements. Specifically, the experiments assume that: (1) manual workers face

physical requirements the same as those professional workers; (2) professional workers face

the same cognitive requirements as manual workers. The experiments find that the hetero-

geneous ability requirements explain a large share of the difference in retirement behavior

across occupations. In the first experiment, the gap in the average retirement age between

manual and professional workers would reduce to 1.3 years from the 2.4 in reality, because

manual workers would increase their labor supply by facing milder physical requirements.

Instead, the retirement age gap would rise to 3.1 years in the second experiment, as the labor

supply of professional workers would be further higher with milder cognitive requirements.

The above experiments are under the existing pension rules. Many governments plan to

encourage late retirement. The effects of related policies crucially depend on the role of health

in retirement. Older workers tend to delay their retirement facing reduced benefits, where

labor supply is used as a buffer to the policy change. Instead, individuals may use savings

as the buffer. Policymakers typically worry about the capacity to work for those from the

physically-demanding occupations. However, as these people are also financially constrained,

they may have to keep working despite their poor health. Valid policy evaluations, especially

concerning the distributional effects and unequal welfare consequences, require characterizing

precisely individuals’ heterogeneous abilities to use labor supply or savings as buffers. This

in turn requires capturing precisely the socioeconomic gaps and the heterogeneous roles of

health across different groups of people.
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The next counterfactual experiment quantifies the changes in labor supply, consumption,

and welfare at older ages across occupations when the Full Retirement Age (FRA) increases

to 70. Manual workers turn out to be more responsive in delaying their retirement. Although

these workers are more affected by poor physical health, minor effects of poor cognitive health

combined with the strong income and substitution effects due to benefits reduction may

contribute to their greater response. At the same time, I find manual workers are subject

to smaller consumption drop but larger welfare loss than professional workers. This may

indicate the nontrivial utility costs incurred by working at advanced ages for these people.

This paper is mostly related to the literature that studies retirement behavior based on

dynamic structural models. Building on early works such as Rust and Phelan (1997), more

recent studies enrich this type of model in various aspects (e.g. French (2005), Van der

Klaauw and Wolpin (2008), Blau and Gilleskie (2008), French and Jones (2011), Haan and

Prowse (2014), Gustman and Steinmeier (2015), Iskhakov and Keane (2020)). Several stud-

ies share a particular focus on health. Bound, Stinebrickner, and Waidmann (2010) carefully

deal with the measurement bias in self-reported health within a dynamic structural frame-

work. Capatina (2015) quantifies the effects of health on life-cycle employment and the

channels via leisure, wage, medical expense, and life expectancy. Gustman and Steinmeier

(2018) model the detailed transition process of a number of specific health measures and

incorporate it into a dynamic retirement model.

The main contribution of this paper to the above literature comes twofold: (1) I dis-

tinguish between the physical and cognitive dimensions of health instead of taking health

as a unitary concept, and show that the relative importance of cognitive to physical health

increases exponentially with age. This finding could be particularly relevant for retirement

policies targeting advanced old ages. (2) I take into account the dependence of the effects

of health on characteristics from the labor demand side. Counterfactual requirements show

that heterogeneous ability requirements are important in explaining retirement behaviors

across occupations. This extension could be critical for policy evaluations focusing on the

heterogeneous response in labor supply and welfare consequences.

The existing studies mainly focus on the average effects of retirement policy changes.

Exceptions that explore the heterogeneous effects include Capatina (2015) by education,

Bound, Stinebrickner, and Waidmann (2010) by health and Blau and Gilleskie (2008) by

health and health insurance type. The current paper highlights another dimension: the

occupations. This is motivated not only by their socioeconomic gaps but also by the striking

difference in their required abilities. To the best of my knowledge, the work by Jacobs (2019)

is the only one that also focuses on occupational retirement. She explores the heterogeneity
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between blue- and white-collar occupations based on the self-reported health.5

This paper also contributes to the reduced form literature that studies the retirement

effect of health. First of all, most reduced form studies also build on the unitary concept of

health, without considering the interaction between its multidimensionality and the hetero-

geneous health requirements.6 Moreover, there is still no consensus on how large is the effect

of health. The main debate centers on the proper health measures and the variations for

estimation (See French and Jones (2017), Blundell, French, and Tetlow (2016), Coile (2015),

Lumsdaine and Mitchell (1999) for surveys.). By providing thorough evidence, Blundell,

Britton, Dias, and French (2021) conclude that different measures yield similar estimates

once a sufficient battery of objective measures are included. Reduced form evidence also

suggests that within-individual variations tend to identify smaller effects. This paper doc-

uments the novel gradients in the retirement effects of physical and cognitive health, which

are notably stronger under objective measures and within-individual variations. These find-

ings suggest distinguishing different measures and variations may still matter as far as the

heterogeneous effects are concerned.

By estimating the model closely following the guidance of reduced form evidences, this

paper adds to the burgeoning literature which identifies structural models with more careful

variations (Chuan and Zhang (2021), Fu and Grerry (2019), Low and Meghir (2017), Attana-

sio, Meghir, and Santiago (2012)). As mentioned, reduced form studies on the retirement

effects of health emphasize the different results based on the subjective and objective mea-

sures, and the longitudinal and pooled variations. By indirect inference, the model targets

these crucial facts, upon which the structural parameters obtain the identification.

This paper also speaks indirectly to studies about the health capacity to work at older

ages. The counterfactual results show that workers would be elastic in delaying their retire-

ment, suggesting sufficient capacity in line with Cutler, Meara, and Richards-Shubik (2013)

and Coile, Milligan, and Wise (2016). Nevertheless, the delayed retirement could be finan-

cially driven. The welfare loss incurred by prolonged working under poor health could be

nontrivial and deserves attention.

The rest of this paper is structured as follows. The next section presents the empirical

facts. Section 3 is devoted to the model, and Section 4 to the solution and estimation

methods. Section 5 describes the data. Section 6 presents the estimates. Counterfactual

experiments are shown in Section 7. Section 8 concludes.

5These two papers are developed independently at the same time. I started this work in 2015, and the
first version was available online at September 8, 2017.

6To the best of my knowledge, the work by Blundell, Britton, Dias, and French (2021) is the only one
also considers cognition. They find a statistically significant though modest effect of cognition on retirement.
The current paper shows that the small average effect masks the strong gradient along occupations.
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2 Empirical Facts

This section documents empirical facts about physical and cognitive health, ability re-

quirements, as well as their interaction with retirement. I show that cognitive health declines

much faster at advanced ages. Occupations that require substantial cognitive but little phys-

ical ability account for a large share of the employment. This section also shows that while

the correlation between cognitive decline and labor force exit is small on average, there is

a strong gradient by the extent to which cognitive health is required. The gradient is also

found for physical health. The education gradient exists but is smaller than the occupation

gradient.

2.1 Physical and Cognitive Health

Cognitive functioning is typically classified into two principal categories: crystallized

and fluid cognition, building on the widely-accepted Gf-Gc theory in psychology (Cattell

(1963)). Gf-Gc theory has been developed into the Cattell-Horn-Carroll theory which HRS

has adopted to develop cognitive measures (Wallace and Herzog (1995). Crystallized cog-

nition mainly reflects knowledge and the influence from education and experience, whereas

fluid cognition represents the outcome of the influence of biological factors on intellectual

development (McArdle, Ferrer-Caja, Hamagami, and Woodcock (2002)). Compared to crys-

tallized cognition, fluid cognition experiences rapid decline at older ages. This study thus

chooses to focus on a crucial aspect of the fluid cognition, the memory. As pointed out

by McArdle, Smith, and Willis (2011): “episodic memory is a very general measure of an

important aspect of fluid intelligence since access to memory is basic to any type of cognitive

ability.” Another advantage to focus on the memory is that it is directly measured in HRS by

the number of recalled words in a standard memory test. This measure is given top priority

to represent fluid cognition, according to Wallace and Herzog (1995). Therefore I use this

measure for cognitive health in this paper, which is at individual level and longitudinal.

Physical ability relates to body’s capacity to perform activities that require strength and

endurance. A major focus of studies on the retirement effect of health is the reported bias

in subjective health measures. The justification bias rises if retirees tend to report worse

health to justify their retirement, leading to upward bias in estimates of the retirement ef-

fect of health. On the other hand, classical measurement errors suggest the estimates will be

underestimated because of the attenuation bias. More specific health-related variables are

considered having less reported bias and are widely used as instruments for subjective mea-

sures (Blundell, Britton, Dias, and French (2021), Disney, Emmerson, and Wakefield (2006)

, Bound, Schoenbaum, Stinebrickner, and Waidmann (1999) ). In line with the literature,
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I measure physical health as the self-reported health instrumented by more objective mea-

sures. It is constructed as a health index, obtained as the fitted value from a regression of

self-reported health on a bunch of more objective health variables. More details are provided

in Appendix A.

Table 1 and Figure 1 present the variations of cognitive health by education and occu-

pation. Occupations are based on the classification that is widely applied in other studies

(e.g. Katz and Murphy (1992)). Broadly speaking, declining trends parallel between edu-

cation and occupation categories. While some of the studies in psychology argue that fluid

cognition starts to decline as early as age 20-30 (e.g. Salthouse (2009)), conservative opin-

ions suggest it starts around the middle of age 50s (e.g. Rönnlund, Nyberg, Bäckman, and

Nilsson (2005)). Similar patterns are found in the results.

There are two crucial findings to be highlighted. First, the cognitive health declines much

faster at more advanced ages. By education, cognitive declines between age 61 and 71 are

around 50%-70% greater than the ones between age 51 and 61. By occupation, the declines

are larger by 79% and 32% for the manual and clerical occupation. Most striking, the decline

during ages 61-71 is three times as large as ages 51-61 for the professional occupation. Second,

the accelerating declines are only found for cognitive health. Results in Appendix B show

that the declines of physical health, measured either by the health index or self-reported

health, do not speed up at more advanced ages.

Table 1: Variations of Cognitive Health by Education and Occupation

Education Occupation

LHS HS SC&C Man. Cler. Prof.

Age 51 9.20 10.58 11.00 10.43 11.87 12.10

Age 61 8.42 9.66 10.16 9.67 10.75 11.64

Age 71 7.15 8.29 8.76 8.31 9.27 10.26

Standard Deviation 3.18 3.10 3.18 3.17 3.21 3.14

Drop from 51 to 61 -0.78 -0.92 -0.83 -0.76 -1.12 -0.46

Drop from 61 to 71 -1.27 -1.37 -1.40 -1.36 -1.48 -1.38

This table presents variations of cognitive health by education and occupation. The values are predicted
from the regressions with cubic ages to reduce noise. Individual fixed effects are controlled to obtain
within-individual variations. LHS: less than high school; HS: high school; SC&C: some college and
college. Standard deviation is calculated for ages 51-75.

9



Figure 1: Age Profiles of Cognitive Health
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The figures present the variations of cognitive health from age 51 to 75. Results are obtained by regressing
cognitive health on age dummies, controlling for individual fixed effects. LHS: less than high school; HS: high
school; SC&C: some college and college. Man.: manual; Cler.: clerical; Prof.:professional.

2.2 Ability Requirements

The previous subsection shows how physical and cognitive health vary with age. How

are physical and cognitive health required by the demand side of labor market?

To shed light on this, I exploit the detailed information from O*NET data set. The

O*NET program, sponsored by the Employment and Training Administration under the De-

partment of Labor, is the primary source of occupational information for the United States.

This data set provides detailed occupation-specific descriptors, such as work styles and re-

quired knowledge, for more than 900 occupations. In particular, it provides occupation-

specific ratings about how different abilities are required. O*NET defines nine specific abili-

ties under its physical category and twenty one specific abilities under its cognitive category.

Based on ratings of these specific abilities, I construct two indexes that respectively mea-

sure the extent of physical and cognitive ability requirements by the principal component

analysis.
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Figure 2: Distributions of Employment by Required-Abilities

These figures show the kernel densities of employment by the ability requirements of occupation. The left figure
presents the marginal distributions. The right figure presents the distribution by physical and cognitive ability
requirements jointly.

Figure 2 shows the distribution of employment by required abilities, estimated by the

kernel density on the employment data of Census 2000. On the left figure, the bimodal

distribution for the physical ability shows that while many employments require the physical

ability, the others demand little. To the contrary, most employments share the requirement

of cognitive ability centering around the median level. In terms of the joint distribution,

we can see that most employments require either cognitive or physical ability, showing a

negative correlation between the requirements. The most prevalent employments require

substantial cognitive but little physical ability.

How do current jobs require abilities different from decades ago? Figure 3 shows that

the requirement for every physical ability has declined since 1968, whereas eighteen out of

the twenty-one cognitive abilities have increased.7 Given this systematic shift in the labor

demand side, the cognitive dimension of health deserves more attention in studying older

workers’ retirement behavior.

7These trends capture the compositional change and reflect how each physical or cognitive ability is re-
quired by the average U.S. job from 1968 to 2015. For each ability, O*NET only provides cross-sectional
ratings. The data constraint does not allow us to keep track of the longitudinal variation in ability require-
ment for each given occupation. To have a sense on the change over time, I merge the ability requirement
scores of each occupation by O*NET, measured in 2016, with the longitudinal employment shares of each
occupation from the Current Population Survey (CPS) 1968-2015.
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Figure 3: Trends of Physical and Cognitive Ability Requirements of The Average US Job
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The figure presents the trends of scores measuring the extent of each ability is required by the average US job.
Each line represents a specific ability under the physical or cognitive category, defined by O*NET. The scores are
normalized to 1 in 1968. The ability of spacial orientation, which is under the cognitive category, has experienced
a significant decline since 1968 and has been excluded from the figure without undermining the main message.

2.3 Ability Requirement and Occupation Gradients

Given the significant heterogeneity in ability requirements, the same extent of health

decline may have different impacts on retirement. For instance, the same cognitive decline

could be more disturbing for a clerk than a construction worker. To shed light on this insight,

I explore the relationship between different dimensions of health and labor supply based on

the linear probability model. I regress the indicator of labor force participation (LFP) on

the measures of physical and cognitive health, with and without interacting with variables

measuring the extent that corresponding abilities are required.

This exercise requires information on individual’s health and retirement status, as well

as how much abilities are required by work. To this end, I merge the O*NET data with the

restricted version of HRS data. For each individual, the restricted version of HRS provides

the three-digits occupation code instead of the grouped occupations in the public HRS. By

merging with O*NET, I am able to exploit finer variations in the variables that measure

ability requirements.8 The main focus of the literature on the retirement effect of health is

whether to use subjective or objective health measures, as well as what variation to be used

for identification. I explore the relationship between labor supply and health in the following

exercises with particular care about these two issues.

8The public HRS provides masked occupation codes for 17 occupations before 2004 and 25 occupations
after 2004, whereas the restricted HRS provides unmasked codes for hundreds of occupations.
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Table 2: Ability-Requirement Gradients in Associations between Labor Supply and Health

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

Physical Health 0.025*** 0.008* 0.007 0.059***

(0.004) (0.005) (0.005) (0.008)

Cognitive Health 0.009** 0.005 0.005 0.004

(0.004) (0.004) (0.004) (0.004)

Physical Health × Ability Req. 0.016*** 0.032***

(0.005) (0.007)

Cognitive Health × Ability Req. 0.008** 0.009**

Individual FE No Yes Yes Yes

Physical Health Index No No No Yes

This table presents the standardized coefficients of the regression of labor force participation on different dimensions
of health, and their interactions with corresponding ability requirements. Standard deviations are reported in paren-
thesis. *** p<0.01, ** p<0.05, * p<0.1.

Column (1) and (2) show the overall relationship between physical and cognitive health

and labor supply, based on the widely used self-reported health and the test memory. The

self-reported health arguably mainly captures the physical domains of health, as respondents

are unlikely to consider themselves as unhealthy simply because they have poor memory.

Estimates based on the OLS with pooled variations in Column (1) show significant correlation

between both dimensions of health and labor supply. The magnitude of the coefficient of

physical health is threefold of the cognitive health. For Column (2), whose identification is

based on the within-individual variations, the estimated coefficients become notably smaller.

Moreover, the coefficient of cognitive health becomes statistically insignificant. This is in

line with the existing studies, which suggest panel data approach tends to yield smaller

retirement effect of health (French and Jones (2017)).

However, once the heterogeneous ability requirements for physical and cognitive health

are taken into account, I find remarkable gradients in the correlation between health and

labor supply. For Column (3), while the correlation between health and LFP is insignificant

at the average ability requirement level, the interactive terms of both the physical and

cognitive health are statistically significant. It suggests that workers with decline in physical

or cognitive health are more likely to retire if they are from occupations with the higher ability

requirements. These gradients become further stronger when the objective physical health

measure is adopted, as shown in Column (4). One doubt about the necessity of introducing

cognitive health is that self-reported health may be comprehensive enough to reflect cognitive

domains of health. The results based on the self-reported health together with tested memory

indicate the extra information uniquely captured by the cognitive measure.

How important are physical and cognitive health in secular occupation classifications?

Table 12 and 13 in Appendix B show that the manual, clerical and professional occupations
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have stark difference in ability requirements. Based on this classification, Table 3 shows

that the ability-requirement gradients are also translated to the occupation gradients. One

standard deviation decline in physical health corresponds with 3.6 percentage points higher

probability of retirement for professional workers, whereas the magnitude almost triples for

manual workers with 9.7 percentage points. To the contrary, one standard deviation of

cognitive decline associates with 2.3 percentage points higher probability of retirement for

professional workers, two thirds of the one of physical health. At the same time, no such

relationship is found for manual workers.

If we focus on education instead of occupation, the gradients remain but become notably

smaller. 9 These findings indicate the necessity to focus on the interaction of different dimen-

sions of health with occupations, which directly reflect the heterogeneous health requirements

of work.

Table 3: Occupation and Education Gradients in
Associations between Labor Supply and Health

VARIABLES LHS HS SC & C Man. Cler. Prof.

Physical Health 0.070*** 0.073*** 0.051*** 0.097*** 0.032** 0.036**

(0.022) (0.013) (0.011) (0.012) (0.013) (0.016)

Cognitive Health -0.015 0.003 0.009* -0.009 0.006 0.023***

(0.012) (0.007) (0.005) (0.006) (0.006) (0.007)

This table presents the coefficients of the regression of labor force participation on different dimensions of health,
and their interactions with corresponding ability requirements. Individual fixed effects are controlled and physical
health index is used. Standard deviations are reported in parenthesis. *** p<0.01, ** p<0.05, * p<0.1.

3 Model

Motivated by the empirical facts, I develop a dynamic programming model of retirement

and saving decisions for males aged 51 and above in the United States. The main features

of this model are the multiple dimensions of health and their retirement effects through

occupation-dependent channels. Individuals across occupations also differ in a number of

aspects empirically, due to the rich heterogeneity captured by the model, such as physical

health status, cognitive health status, education, labor earnings, history of earnings, So-

cial Security benefits, private pension benefits, health insurance, disability insurance, life

expectancy, unobserved individual type and so on.

9Blundell, Britton, Dias, and French (2021) do not find the education gradient for cognitive health,
though the gradient for physical health also exists in their results. The difference may come from the
different measures of cognition.
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3.1 Choice Set

The model focuses on the labor supply and saving decisions of older workers in different

occupations. Occupations are predetermined by choices at younger ages, which is abstracted

from the model, while the endogeneity of the initial distribution will be taken care of. Indi-

viduals who have worked in the last period belong to one of the three occupation categories:

j = 1 includes manual and service occupations; j = 2 consists of sales and clerical occu-

pations, and j = 3 covers managerial and professional occupations. These three categories

will be referred as the manual, clerical and professional occupation throughout. This classi-

fication is consistent with the vast studies about the changes in labor markets. (e.g. Katz

and Murphy (1992), David and Dorn (2013) ), as I intend to highlight the implications of

physical and cognitive health for these common occupations. I use the term “occupation”

interchangeably with the occupation groups defined here.10

At each age, the worker chooses whether to participate in the labor force. The labor

supply decision at age t is denoted by dt, which equals to 1 if the individual chooses to work.

Being out of the labor force is assumed as an absorbing state. Besides the labor supply

decision, the individual also chooses how much to consume. Consumption is a continuous

decision variable. Consumption optimization is subject to an upper bound imposed by the

borrowing constraint, and a lower bound which is the consumption floor insured by the

government. The consumption floor captures public transfers provided by programs such as

the Supplemental Insurance Income (SSI) for the poor people. Individuals make their labor

supply decisions up to age A∗ = 75 and consumption decisions until age A∗∗ = 90.

This article refrains from modeling individual’s Social Security application decision sep-

arately from their decision of leaving the labor force, à la Blau and Gilleskie (2008), Van der

Klaauw and Wolpin (2008) and Bound, Stinebrickner, and Waidmann (2010). Gustman and

Steinmeier (2008) report that the percentage of individuals who have fully retired and are

receiving benefits ranges from 86.5% to 95.2%, on which Coile (2015) concludes: “Claiming

delays are fairly uncommon, relatively short, or both”. I follow Blau and Gilleskie (2008)

and Bound, Stinebrickner, and Waidmann (2010) to assume individuals start to collect So-

cial Security benefits in their first year being out of the labor force after reaching the early

retirement age 62. 11

10Details about the classification are provided in Appendix B. While the model abstracts from the shifts
between the manual, clerical and professional categories, it implicitly allows for the change within each
group. Conceptually, there are three behavioral responses to poor health: (1) changing occupation within
the category; (2) changing occupation across the category; (3) exiting the labor force. The model allows
for the first response and focuses on the last response, which should be the major one. The incidence of
between-category shift is low in the data. One reason could be that the categories are broad enough and
occupation changes happen mainly within the category.

11Studies incorporating the joint decisions of labor supply and Social Security applications are referred to
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3.2 Utility Function

The utility function consists of both the pecuniary and non-pecuniary components. Pecu-

niary utility is derived from consumptions in the constant relative risk averse (CRRA) form,

with the coefficient of risk aversion ν. 12 Non-pecuniary utility Lt depends on individual’s

labor supply status dt and the interaction with his physical health and cognitive health. hp
t

and hc
t are indicators of poor physical and cognitive health which equal one if the status

is poor and zero otherwise. There is disutility λtype
1j when the individual chooses to work,

capturing the loss of leisure time. Moreover, there is extra disutility of work under poor

physical or cognitive health, characterized by the parameters λ2j and λ3j. These parameters

are specific to occupation j, reflecting the insight that workers with poor physical or cognitive

health can suffer from working differently across occupations.

U(Cit, dt) =
1

1− ν
(C1−ν

t − 1) + Lt (1)

where

Lt = λtype
1j dt +

(
λ2jh

p
t + λ3jh

c
t

)
· dt + εdt (2)

There is also unobserved individual type based on the finite mixture structure as French

and Jones (2011) and Van der Klaauw and Wolpin (2008). Individuals with unobserved types

vary in their disutility of work λtype
1j . Each individual’s type is given by the type probability

functions, which link individual’s unobserved type to the observed state variables in the initial

wave, including initial physical health, cognitive health, education, labor supply status and

occupation, as well as initial assets. The endogeneity of the initial distributions are assumed

being taken care by these unobserved individual heterogeneity.

The non-pecuniary utility is also subject to choice-specific idiosyncratic preference shocks

εdtt . It is assumed following the identical and independent extreme value type one distribu-

tion. The structural interpretation of this shock is that it captures those state variables

unobserved to researchers but observed to individuals in the model. Notice that the non-

pecuniary utility is assumed to be additive to the pecuniary utility, so that consumption

decisions are independent of this idiosyncratic shock once conditioned on the labor supply

decision. Therefore, conditioning on the observed state variables in the model, the idiosyn-

cratic preference shock ε introduces heterogeneity only to the labor supply decision. To

Gustman and Steinmeier (2015), for one example.
12The numerator of the pecuniary conponent includes the constant -1, so that the utility function is

continuous in ν around ν = 1. This guarantees the smooth parameter searching in estimation.
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further allow for heterogeneous consumption decisions, the model introduces another id-

iosyncratic unobserved state variable directly affecting the budget constraint. This extra

shock is assumed as a component attached to the total income.

3.3 Budget Constraint

Assets accumulate according to Equation (3), where At is the asset at the beginning of

period t, Yt is the total income, Ct is the consumption, MEt is the out-of-pocket medical

expenditure, and r is a fixed interest rate. At+1 is the decision variable, characterizing how

much assets the individual leaves for the next period.

(1 + r)At + Yt = Ct + At+1 +MEt (3)

The asset transition is subject to a borrowing constraintAt+1 = (1+r)At+Yt−MEt−Ct ≥
Amin, where Amin is the minimum asset required and it can be negative. The borrowing

constraint caps the consumption in each period. There is also a consumption floor Cmin,

capturing government transfers such as the Supplement Security Income(SSI) and the Med-

icaid for individuals in deep poverty, in line with Hubbard, Skinner, and Zeldes (1995).

Therefore, in each period the individual can choose his consumption between the range

[Cmin, CMax], where Cmax = (1 + r)At + Yt − MEt − Amin and Cmin is a constant. The

government transfer takes place in the extreme case when individual’s asset and income are

too low, or the out-of-pocket medical expense is too high, leading to Cmax <= Cmin. The

amount of government transfers thus equals to max{0, Cmin−((1+r)At+Yt−MEt−Amin)}.

3.4 Income

An individual’s total income consists of the labor earningsW j
t , the Social Security benefits

SSt, the private pension benefits Pt, the spousal income Y s
t , the income from Social Security

Disability Insurance SSDIt, and an unobserved idiosyncratic component ζt:

Yt = W j
t · 1(dt = 1) + (SSt + Pt) · (1− 1(dt = 1)) + Y s

t + SSDIt + ζt (4)

3.4.1 Labor Earnings

The labor income is a product of the skill rental price rj and the index of human capital.

Embeding the human capital model by Grossman (1972) into the earnings equation by
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Mincer (1974), the human capital index depends on individual’s experience Xt, education

E, as well as the status of physical and cognitive health. These human capital determinants

are allowed to have different returns across occupations. Poor physical and cognitive health

are allowed to have penalty on the human capital specific to the occupation.

W j
t = rj · exp

(
κj
1 + κj

2Xt + κj
3X

2
t + κj

4E + κj
5h

p
t + κj

6h
c
t

)
(5)

3.4.2 Social Security and Private Pension

The model calculates Social Security retirement benefits SSt closely following the rule of

Social Security Administration. Specifically, retirement benefits are calculated in following

steps: First, individual’s highest 35 years earnings are included to calculate the Average

Indexed Monthly Earnings (AIME). The earnings before age 60 are adjusted by the national

average wage index to reflect the real wage increase. In the second step, Primary Insurance

Amounts(PIA) is computed as a piecewise linear function of AIME, with three separate

percentages for different portions of AIME. It functions as a progressive taxation. Finally,

the PIA is multiplied by an adjustment factor dependent on the age at which the individual

claimed benefits. For example, when the full retirement age (FRA) is 65, an individual who

claimed his benefits at age 65 receives the amount as much as 100% of the PIA, while another

individual claimed at age 62 can only receive 80%. AIME serves as a state variable in the

model. It will be constructed from the administrative earnings history data from the SSA.

Based on the formula by which AIME is computed, the transition of AIME takes the

following form. Wt denotes the current labor income and Ẇt−1 denotes the earnings history

until age t-1:

AIMEt+1 = AIMEt +max{0,Wt −min(Ẇt−1)}/35

Notice that the AIME is updated only when the current labor income is higher than the

lowest labor income among the existing 35 years included for previous AIME calculation.

If the individual hasn’t accumulated 35 working years, min(Ẇt−1) is 0 and working always

contributes to increasing the AIME. Modelling the transition process precisely requires us

to keep track of the whole earnings history of the individual to calculate the min(Ẇt−1),

which is intractable. Following French (2005), this paper approximates it by αtAIMEt with

αt = 1. More details about the modelling of Social Security are provided in Appendix C.

Private pension is difficult to model because the plans vary with each individual. Bound,

Stinebrickner, and Waidmann (2010) solves the dynamic programming model by each indi-

vidual, at the expense of having a sample with only 196 individuals. Van der Klaauw and
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Wolpin (2008) restricts the sample to low income individuals with private defined benefit

pension from the previous jobs and drop those with defined contribution pensions and de-

fined benefit pensions from the current employers. Alternatively, French (2005) and French

and Jones (2011) approximate the private pension benefits as a function of state variables

existing in the model. The goal of this paper requires a representative sample of individuals

from each occupation. To maintain reasonable sample size, this paper also approximates the

private pension benefits. Appendix D provides details on the modeling of private pension.

3.4.3 Social Security Disability Insurance (SSDI)

This paper also includes Social Security Disability Insurance (SSDI) by allowing its bene-

fits to shift the budget constraint. The data suggests SSDI only accounts for a small portion

of household’s total income, 1.6% on average. However, different from the Supplemental Se-

curity Income (SSI), which targets at individuals with limited income and can be captured

by the consumption floor Cmin in our model, SSDI is accessible to individuals regardless of

their current income as long as they meet certain medication conditions and requirements

for work and tax history. Omitting SSDI may bias the estimated effects of different types of

health on individuals’ behaviors. Tractability limites adding the SSDI application as another

decision variable. The SSDI status is therefore taken as exogenous.13 I assume the eligibility

for SSID is a function of age and both dimensions of health, which will be estimated with

the data. Conditioned on being eligible, the amount of SSDI benefits is calculated precisely

based on the rule of SSA, as a function of individual’s AIME.

3.4.4 Other Income Sources

The spousal income is predicted by a set of demographic variables similar to French

(2005) and French and Jones (2011).14 The random income component ζt is unobserved to

researchers but observed to the individuals in the model. It follows a normal distribution

with mean 0 and variance σ2
ζ . It introduces further heterogeneity to individual’s consump-

tion. Without this component, individual’s consumption will be homogeneous conditioned

on the observed state variables.

13Readers interested in structural work with endogenous DI application and retirement are referred to
Bound, Stinebrickner, and Waidmann (2010) and French and Song (2012), as well as Low and Pistaferri
(2015) under the life-cycle setting.

14To avoid adding extra state variables, I assume spousal income depends on individual’s age and education.
Instead, French (2005) assumes spouse income is a function of individual’s own income and age.
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3.5 Health, Medical Expense and Health Insurance

The physical and cognitive health transit jointly with stochasticity. Transition of the

joint health from period t to t+1 depends on individual’s age t, education E, occupation

j and labor force participation dt, as well as the joint health status in period t ht. The

transition is also subject to a stochastic component ut with normal distribution. The joint

health status is a vector of the physical health hp
t and the cognitive health hc

t , which takes

four states: both physical and cognitive health are in good status {hp
t = 0, hc

t = 0}, only
physical or cognitive health is in good status {hp

t = 0, hc
t = 1} or {hp

t = 1, hc
t = 0}, and both

are poor {hp
t = 1, hc

t = 1}.

ht+1 = H(t, E, j, dt, ht, ut) (6)

Similar to Van der Klaauw and Wolpin (2008), the out-of-pocket medical expenditure

MEt is a function of the joint health status ht and the insurane type H∗
t .

MEt = g(ht, H
∗
t ) (7)

The health insurance H∗
t has four types. The first three types are employer-provided insur-

ance, which are applicable when the individual is younger than 65. When the individual is

above age 65, he receives the public health insurance Medicare.

• H∗
t = 0: No insurance;

• H∗
t = 1: Employer-provided health insurance without retiree coverage;

• H∗
t = 2: Employer-provided health with retiree coverage;

• H∗
t = 3: Public health insurance Medicare.

Medical expenditure may affect older workers’s retirement dicision by interacting with the

health insurance (Rust and Phelan (1997), French and Jones (2011)). The insurance without

retiree coverage requires the individual working for the employer to be insured, whereas

the one with retiree coverage provides insurance until age 65 regardless of the individual’s

subsequent employment. Individuals without reteree coverage therefore face extra incentive

to work until 65. Conditioned on the states in period t, the insurance type in period t+1 is

given by the following transition rules:

• If t ≥ 65, H∗
t = 3;

• If H∗
t = 2, H∗

t+1 = 2 until t+ 1 ≥ 65;
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• If H∗
t = 1, H∗

t+1 = 1 if dt = 1 and H∗
t+1 = 0 if dt = 0;

• If H∗
t = 0, H∗

t+1 = 0

3.6 Value Function

Taking all factors aforementioned into account, the individual makes his labor supply

and consumption decisions at each age to maximize the current utility plus the present

discounted utility from the future. The Bellman equaiton is given by Equaiton (8), where

Ωt represents the union of all state variables at age t, both observed and unobserved.

Vt(Ωt) = max
dt,Ct

{
U(dt, Ct,Ωt) + β

∫ (
ptVt+1(Ωt+1) + (1− pt)B(Ωt+1)

)
dFt(Ωt+1|dt, Ct,Ωt)

}
(8)

The continuation value equals to either the value function in next period Vt+1(Ωt+1) or

the utility from bequest B(Ωt+1). The bequest utility is a function of the asset left to the

future with the following form:

B(Ωt+1) = ι1
(At+1 + ι2)

1−ν − 1

1− ν
(9)

Aligned with De Nardi (2004) and De Nardi, French, and Jones (2016), I allow bequests

to be luxury goods, which helps explain the little wealth accumulation for poor people. A

positive ι2 reduces the marginal utility of bequest especially for individuals with limited

assets, generating extra disincentives of bequest, as the marginal utility of consumption

becomes relatively larger.

Utility in the future is discounted by the subjective discount factor β and the survival

rate pt. The survival rate depends on age and the joint status of physical and cognitive health

ht. st is the indicator for survival at age t. Poor health may shorten the life expectancy and

thus change the labor supply and saving decisions under the dynamic setting.

pt = Pr(st+1 = 1|st = 1, ht) (10)

To summarize, the union of state variables Ωt in the model includes : age t, education

E, occupation j, Average Indexed Monthly Earnings AIMEt, physical health hp
t , cognitive

health hc
t , asset At, Social Security application status in the last period, health insurance

type H∗
t , labor supply status in the last period dt−1, the idiosyncratic components to total

income ζt and to the non-pecuniary utility εt.
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3.7 Role of Health in Retirement

Literature typically indicates five channels through which health may affect retirement.

See French and Jones (2017) for a survey. First, poor health may increase the demand for

leisure as working inflicts extra disutility. This channel could also be important for cognitive

health. Cognitive decline may implicitly lead to higher incidence of mistakes, such as bugs

for programmers, neglected deadlines for clerks, miscalculation for accountants, typos for

editors and so on. While each individual mistake may not be grave, the accumulation could

be accompanied by upset and pressure (Morrow, Drake, Zivadinov, Munschauer, Weinstock-

Guttman, and Benedict (2010)). Second, poor health could lower the productivity and wage.

Examples in the first channel may also translate to lower wage, especially under environ-

ments that wages are flexibly determined and performance is observed by employers. Third,

medical expenditure increases with poor health, which could affect retirement behavior by

interacting with the type of health insurance. Previous studies have identified that employer-

provided health insurance provides strong incentives for older workers to work until age 65

(Rust and Phelan (1997)). Fourth, health is directly linked to life-expectancy. Poor cogni-

tive health may well affect mortality rates at advanced ages by developing into Alzheimer,

which matters for retirement decisions if individuals are forward-looking (Wolfson, Wolfson,

Asgharian, M’Lan, Østbye, Rockwood, and Hogan (2001)). Finally, poor health may also

affect retirement decision through the application of disability insurance (Maestas, Mullen,

and Strand (2013)).

Most studies include a subset of these channels and consider an unitary health (e.g. Ca-

patina (2015), French and Jones (2011)). I allow the above channels for both physical and

cognitive health, whose importance will be identified by the data. The channels of leisure

and of productivity allow the direct occupation-dependent effects of health via structural

parameters, characterizing the heterogeneous ability requirements across occupations. The

other channels also indirectly differ between occupations due to the gap in health and so-

cioeconomic status.

The cognitive health and physical health are also interactive. Two individuals with the

same physical but different cognitive health status face different probabilities of becoming

physically unhealthy in the future. They also face different mortality rates for the rest of

their life.
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4 Solution and Estimation Methods

4.1 Model Solution

I solve the finite-horizon life-cycle model by backward induction. The policy functions of

the model, which include the discrete labor supply choice and the continuous consumption

decision, has no closed form and are obtained numerically. The solution process follows the

steps stated as below.

1. Calculate the choice-specific value at age t: CSVt(dt, Ct, Ω̃t, ζt, ε
d
t ), which is the sum

of the current payoff: U(dt, Ct,Ωt) plus the expected value function at age t+1:

β
∫ (

ptVt+1(Ωt+1)+(1−pt)B(Ωt+1)
)
dFt(Ωt+1|dt, Ct,Ωt). The latter component requires

the solution at age t+1, obtained by solving the model backward. Ω̃t denotes the union

of observed state variables, while Ωt includes also ζt and εdt .

2. Given each labor supply choice, search for the optimal consumption that maximizes the

choice-specific value function CSVt evaluated at each possible value of the union of state

variables, both observed and unobserved. Notice that the consumption optimization

given each labor supply choice is independent of the shock εdt due to the additivity

between pecuniary and non-pecuniary utility. In this step, for each labor supply choice,

I obtain the optimal consumption C∗
t (dt, Ω̃t, ζt) and the corresponding optimal value

CSV ∗
t (dt, C

∗
t , Ω̃t, ζt, ε

d
t ).

3. Compare the choice-specific value CSV ∗
t (dt, C

∗
t , Ω̃t, ζt, ε

d
t ) across the labor supply choices.

The optimal labor supply choice is deterministic conditional on ζt and εdt . Conditioned

on ζt only and integrating out the extreme-value type-I distributed εt, the labor supply

decision rule is the conditional choice probability following the logistic closed form.

The model solutions are eventually characterized by the labor supply and the optimal

consumption decisions. They are deterministic functions of the observed state variables

Ω̃t and the unobserved state variables εdt and ζt. However, conditional only on Ω̃t, the

decisions are stochastic.

In the second step, I search for the optimal consumption for each given labor supply

choice. Because the choice-specific value function CSVt(dt, Ct, Ω̃t, ζt, ε
d
t ) may be unsmooth in

consumption, due to the consumption floor and the borrowing constraint, it is inappropriate

to use derivative-based optimization methods to search for the optimal consumption. Instead,

I discretize the consumption into finite grid points and search over these points, after which

I implement interpolation to evaluate the value function on the continuous consumption.15

15I use the method by French and Jones (2011) to facilitate this search process. In particular, I only search
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4.2 Estimation

Upon solving the model, structural parameters are estimated in two steps, aligned with

Iskhakov and Keane (2020), French and Jones (2011) and Rust and Phelan (1997), among

others. Parameters of the health transition equations, the survival probability equations,

as well as of the functions of medical expenditure, SSDI eligibility, private pension, spousal

income and labor income, are estimated in the first step.16 Preference parameters and

parameters of the type probability functions are estimated jointly in the second step by

indirect inference.

Indirect inference is a simulation-based estimation approach, essentially a generalized

simulated method of moment (SMM) (Gourieroux, Monfort, and Renault (1993), Smith Jr

(1993)). It searches for structural parameters that simulate the data as close as to the

observed data. SMM adopts a set of moments as the criteria of comparing the simulated

and actual data, whereas indirect inference is based on the parameters of auxiliary models.

Parameters of the auxiliary models are estimated using the actual and simulated data re-

spectively. Notice that parameters of the auxiliary models estimated on the simulated data

are functions of the structural parameters. Indirect inference thus searches for values of

the structural parameters that minimize the distance between these two sets of estimated

parameters. Whether the auxiliary models are correctly specified does not affect the con-

sistency of the structural estimates, but a set of well-chosen auxiliary models improve the

efficiency. Analogous to the hypothesis test of Wald, LR and LM, there are three metrics to

construct the objective function. Detailed discussion can be found in Bruins, Duffy, Keane,

and Smith Jr (2018). This paper adopts the metric analogous to Wald and use the diagonal

weighting matrix to construct the objective function.17

The auxiliary models provide a transparent link between the structural model and the

reduced form empirical facts. The flexibility of choosing auxiliary models allows me to iden-

tify the structural model with different variations. For instance, in different specifications,

I use pooled regressions as well as regressions with individual fixed-effects as the auxiliary

labor supply models. While the different findings based on different variations are one of

the key focus among the reduced work on the retirement effects of health, structural models

of retirement have little touch on this issue. The idea here is in line with rising structural

over all the grid points in the final stage during the backward induction. For earlier stages, to obtain the
optimal consumption for a given set of the state variables Ωt, I start the search from the initial value which
is set as the optimal value of consumption in period t+1 evaluated at the same states as Ωt. That is, the
search in period t starts from the value C∗

t+1(dt, Ω̃t, ζt). Based on this initial point, I then search over a
neighborhood instead of the whole consumption space. I compared the results with the full search results,
and the difference is minimal. More details are provided in Appendix E.

16Appendix F provides details about the first stage estimation.
17Elements on the diagonal are the variances of auxiliary parameters estimated on the actual data.

24



work that exploits more delicate variations to identify structural parameters, such as Fu and

Grerry (2019) who choose auxiliary models with a regression-discontinuity setup.

4.2.1 Auxiliary Models

Guided by both the reduced form empirical facts as well as the structural decision rules,

I choose the following auxiliary models to help identify the parameters of preference and

type probability functions:

• The linear probability models that regress the binary labor supply indicator on age

dummies from age 51 to 75, separately by occupations.

• The linear probability models that regress the binary labor supply indicator on physical

health, cognitive health, age, log assets, and the indicator of negative assets, condi-

tioned on being in the labor force at the last age, separately by occupations.

• The regression of asset changes on age dummies from age 51 to 75.

• The age-profiles of lower and upper tertiles of assets from age 51 to 75. To reduce

variance, observations are grouped into five age groups as [51,55), [55,60), [60,65) ,

[65,70) and [70,75).

• The linear probability models that regress the binary labor supply indicator on educa-

tion, initial physical health, initial cognitive health, initial log assets, initial indicator

of negative assets, initial occupations, separately by individual’s type about whether

he enjoys work. The regressions are repeated three times, using the labor supply in

the first, second and third period after each individual’s initial period respectively.

• The gaps in labor supply from age 51 to 75 between individuals of different types of

enjoying work, different education, different initial physical health, different cognitive

health, and different initial wealth.

4.2.2 Identification

For parameters of the pecuniary utility component, the coefficient of risk aversion ν

is mainly identified by the age-profiles of assets. Individual’s labor supply also places an

upper bound for this coefficient, as suggested by Chetty (2006). With larger value of ν,

individuals tend to accumulate more assets and stay employed to insure against future risks

in health, income and survival. Parameters related to the bequest motives, ι1 and ι2, are

mainly identified by the assets profiles at older ages, and by the gap between rich and poor
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individuals. Heuristically, larger assets gap between rich and poor individuals at older ages

identify strong bequest motives. De Nardi (2004) provides detailed discussions.

For parameters estimated in the first step, the coefficients of physical and cognitive

health in wage, medical expenditure and survival equations are identified by the variations

of corresponding outcome variables against the variations of health. For the wage equation,

the eligible ages for retirement benefits and Medicare (i.e. the indicator variables of age

62 and 65), conditional on the smooth function of age, are used as exclusion restriction

in a Heckman selection model. The underlying assumption is being eligible for retirement

benefits only affects participation but not wage. Then the variations of labor supply, net

of the ones induced through wage, medical expenditure, life expectancy and all other pay-

off variables, against the variations of health pin down the disutility of work due to poor

physical and cognitive health λ2j and λ3j. In particular, the occupation gradients identify the

occupation-specific disutility of work due to poor physical and cognitive health respectively.

The baseline level of labor supply in each occupation identifies the occupation-dependent

disutility of work λ1j.

In various specifications, I use the pooled regressions as well as the regressions with

individual fixed effects as the auxiliary model of labor supply. Parameters of the auxiliary

models based on the pooled regressions capture the correlations between health and labor

supply identified by a mix of the within- and between-individual variations. Specifically, the

coefficients of physical and cognitive health in the auxiliary model are identified by: (1) an

unhealthy individual who is retired and another healthy one who stays in the labor force; (2)

a given individual who was in the labor force with good health and exited when his health

turned bad. Based on the auxiliary models with individual fixed-effects, if the second type of

variation is rare in the data, the structural parameters related to health will not be identified

or identified as having the small contribution to retirement.

Finally, type-specific preference parameters and parameters of the type probability func-

tions are identified by the regressions of labor supply in subsequent waves on the initial state

variables, as well as by the gaps in long-term labor supply between individuals of different

initial states. As discussed in Subsection 3.2, initial state variables are linked to individual’s

unobserved type, which is time-variant and can have impacts on individual’s decisions in

subsequent periods persistently. Take the coefficient of physical health of the type proba-

bility functions as an example. Ceteris paribus, different types of individuals differ in their

disutility of work λtype
1j . If individuals with good initial physical health are persistently more

likely to participate in the labor force than those with poor initial physical health, then this

cross-sectional variation of the long-term labor supply against the cross-sectional variation

of initial physical health will help pin down the link between initial physical health and
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individual’s unobserved type.18

5 Data

The structural model is estimated on the data from the third to eleventh wave of Health

and Retirement Study (1996-2011), combined with the administrative data of individual

earnings history from the Social Security Administration (SSA). HRS is a biennial longitu-

dinal survey of representative older individuals in the United States. It provides detailed

measures of individual’s health, labor market outcomes, as well as financial conditions. I

exclude the first and second waves because the cognitive measure is inconsistent with sub-

sequent waves.19 The sample consists of male individuals aged 51-61 in their initial waves,

covering them until age 75 after which observations are very sparse. Individuals who have

never been in the labor force throughout all observed waves are excluded. The estimation

sample also drops observations which reported multiple labor supply statuses, as well as

changed occupations or returned to the labor force since the last wave.20 Also, observa-

tions with missing values in state variable are dropped. Finally, the sample includes 17,305

observations and 4,085 individuals.

This primary sample is used for the second stage estimation by indirect inference. The

first stage estimation is based on an expanded sample. Due to the sample restriction that

individuals should age 51-61 when they entered the sample, the oldest age of observations in

the primary sample is only 78. However, agents in the model form expectations regarding

their future health, pension, survival, medical expense and so on until age 90. For this

reason, the first stage estimation is based on the full sample of males from the third to

eleventh waves of HRS.

The labor supply is defined as the status of labor force participation, derived from the

variable of current job status from the HRS. Working now, unemployed and looking for

work, as well as temporarily laid off are considered as in the labor force. Out of the labor

force includes disabled, retired and homemaker. One of the main concerns from the litera-

ture on the retirement effects of health is the “ justification bias ”, about which individuals

18I have also tried to augment the identification by conditioning on individuals with different work pref-
erence, measured by the variable about the degree of enjoying work of each individual obtained from HRS,
following French and Jones (2011).

19For the word recall test, the first two waves use a list of 20 words whereas the rest waves use a list with
10 words. I refrain from re-scaling the measure in the first two waves because I found the distribution of the
re-scaled measure is nevertheless very different from the subsequent waves .

20The last two sample restrictions are imposed because the structural model abstracts from the occupation
change and assumes out of the labor force as an absorbing state. The change of sample size is modest.
Without imposing these two restrictions, we end up with 17,565 observations and 4,091 individuals.
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who retired early tend to report worse health to justify their early retirement (e.g. Dwyer

and Mitchell (1999)). I follow this literature to use more objective measures to instrument

the self-reported health, similar to Disney, Emmerson, and Wakefield (2006) and Bound,

Stinebrickner, and Waidmann (2010). Physical health is thus constructed as a health stock

index predicted from an ordered probit of self-reported health regressing on more specific

variables regarding individual’s physical dimensions of health, which are less likely to suf-

fer from the bias. Cognitive health is measured by the number of words recalled by the

respondent in a standardized words recall test (Wallace and Herzog (1995)). This variable

reflects the status of individual’s episodic memory, which is an important aspect of the fluid

cognition. Discussions about health are also presented in the section of empirical facts. In

structural estimation, state variables are discrete and I construct the indicator variables of

poor physical and cognitive health.21

The labor income is measured as the annual labor earnings during the year before the

interview of the respondent. Spousal’s income includes the overall income from the spouse,

including labor income and Social Security benefits, private pension, SSDI and other govern-

ment transfers. AIME is calculated following the rules of SSA, using the earnings data of the

Master Earnings File (MEF) from the SSA. The variable about assets includes both hous-

ing and individual retirement account (IRA). The model explicitly characterizes the defined

benefit but not the defined contribution component of the private pension. Therefore, define

contribution plan functions equivalently as saving and the IRA is included into the assets

variable to reflect the accumulation. All monetary variables are converted to the dollars in

1999.

Table 4 presents the descriptive statistics for the main variables, by labor supply status

and occupations of the current job. In terms of the economic variables, there is a large

disparity across occupations. Individuals from the manual occupation earn less than those

from the clerical and professional occupation. These people have much less total assets too,

while those from the clerical occupation fall in the middle. People from the professional

occupation have 3.4 times assets as much as those from the manual occupation on average.

Moreover, manual workers tend to have lower AIME, which implies lower Social Security

benefits when they retire. Notice that annual workers actually have higher replacement

rates whereas they tend to have shorter life expectancy due to worse health. The statistics

show that individuals from the professional occupations have higher education and better

health in both physical and cognitive dimensions. Finally, for observations younger than

21Poor physical or cognitive health is defined as when the continuous measure is below the 30 percentile
of the distribution. This discretization aims to be consistent with the measure of the self-reported health, of
which around 30% observations report “poor” or “very poor”. The gradients documented in the empirical
facts section are robust to this discretization.
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age 65, professional occupations are more likely to provide retiree coverage health insurance,

whereas the proportion of no insurance is notably lower than the other occupations.

Table 4: Descriptive Statistics of Main Variables

Manual Clerical Professional Retired

Age 59.26 59.94 59.58 66.40

(4.92) (5.43) (5.25) (4.74)

Wage, thousand dollars 33.67 47.72 70.74 -

(23.36) (56.58) (57.49) -

Assets, thousand dollars 184.85 382.41 628.55 389.56

(509.30) (979.25) (1444.42) (866.42)

AIME, thousand dollars 34.27 39.40 47.18 36.45

(18.26) (19.13) (22.14) (18.04)

Physical Health

Poor 0.15 0.11 0.06 0.29

Good 0.85 0.89 0.94 0.71

Cognitive Health

Poor 0.22 0.13 0.06 0.25

Good 0.78 0.87 0.94 0.75

Education

Less High School 0.24 0.07 0.02 0.19

High School 0.45 0.27 0.13 0.37

Some College 0.24 0.35 0.19 0.22

College and Above 0.07 0.30 0.66 0.22

Observations 5,532 1,819 4,150 5,806

Insurance Type, Age<65

No insurance 0.34 0.40 0.26 0.50

Tied insurance 0.29 0.24 0.30 0.03

Retiree covered 0.37 0.36 0.43 0.47

Observations 4,704 1,455 3,395 1,991

Statistics are presented by occupations and labor supply status. Occupation is defined as the
one of current job. AIME is converted to the annual basis. Standard deviations are reported in
parenthesis.

6 Results

6.1 First Stage Estimates

The estimates from the first stage suggest cognitive health affects both the survival

probabilities as well as the transition of physical health. For two individuals aged 51 and both

with good physical health, the one with good cognitive health has life expectancy 32.8 years

compared to 28.5 years for the other one with poor cognitive health, if their health remains
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unchanged throughout the life cycle. If these two individuals have poor physical health

instead, their life expectancy is reduced to 21.3 years and 18.6 years respectively. Individuals

with poor physical and cognitive health also fact wage penalties which are different across

occupations. While professional workers face the largest wage loss under poor cognitive

health, they are the least affected under poor physical health. More results and discussions

about the first stage estimates are presented in Appendix F. The consumption floor and the

minimum assets are respectively calibrated to be 4,000$ and -5,000$. This minimum assets

thus allows for 5,000 $ maximum debts.

6.2 Preference Parameters

The preference parameters are estimated in the second step by indirect inference. Re-

gardless of extensive explorations, parameters of the type probability functions seem poorly

identified. Therefore I am more confident about the results based on the baseline model

abstracted from unobserved individual types. Estimates of the model with unobserved indi-

vidual types and related discussions are presented in Appendix G. Parameters estimated in

the first step are held fixed in the second step estimation. I estimate the structural preference

parameters using different auxiliary models to exploit different variations for identification.

The baseline specification leverages the within-individual variations in health and labor sup-

ply. The results are shown in Table 5.

Table 5: Estimates of Preference Parameters for The Baseline Model

Manual Clerical Professional

Non-pecuniary utility

Extra disutility of work (poor p.h.) −λ2 0.633 0.292 0.162

(0.147) (0.168) (0.162)

Extra disutility of work (poor c.h.) −λ3 0.015 0.364 0.437

(0.054) (0.240) (0.194)

disutility of work −λ1 0.410 -0.085 0.101

(0.101) (0.054) (0.057)

Pecuniary utility

Bequest Motive ι 8.476 (3.98)

Coefficient of Risk Aversion ν 1.318 (0.110)

This table presents the preference parameters estimated in the second step for the baseline model, abstracted from the
unobserved types of individuals. Within-individual variations are exploited to identified these parameters. Standard
errors are in parentheses. The calculation of standard errors is explained in Appendix H.

The estimate of the coefficient of risk aversion ν is 1.318, which is in the range of estimates

in previous studies, such as 0.960-0.989 by Blau and Gilleskie (2008), 1.07 by Rust and Phelan
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(1997), 1.591 and 1.678 by Van der Klaauw and Wolpin (2008), 2.565 by Haan and Prowse

(2014). French (2005) and French and Jones (2011) have larger estimates close to 5. For

the parameters related to non-pecuniary utility, the utility is normalized as zero, and this is

the average utility for individuals with different health status. Notice that we are unable to

separately identify the utility of not working for individuals with different health based on

the labor supply and health data. −λ1 characterizes the disutility of work when individual

has both good physical and cognitive health. The estimates reveal the largest disutility for

the manual occupation.

−λ2 and −λ3 are the main focuses of this paper, as the literature has emphasized that

the disutility of work caused by poor health is an important channel for the retirement effect

of health. I find −λ2 is positive across all occupations, suggesting that poor physical health

leads to extra disutility of work in all occupations. Moreover, this extra disutility is the

largest for the manual occupation, with a value of 0.633, followed by the clerical and profes-

sional occupations with 0.292 and 0.162 respectively. To the contrary, poor cognitive health

induces extra disutility when work in the clerical and professional occupations with 0.364

and 0.437 respectively. This extra disutility of work is minimal for the manual occupation.

A caveat is that utility is essentially ordinal and incomparable. The subsequent coun-

terfactual experiments help better understand the roles of physical and cognitive health in

retirement.

6.3 Model Fit

The key facts focused by this paper are the occupation gradients in the retirement effects

of physical and cognitive health. I start by examining the fits of these gradients targeted by

the estimation, which are characterized by the coefficients of physical and cognitive health

in the auxiliary labor supply models by occupations. Although these facts are targeted, the

success of fitting them should not be taken for granted, as we have way more targets than

the structural parameters. Moreover, some targeted facts, such as the age profiles of labor

supply, are very precisely estimated in the data. They are therefore given heavy weights in

the loss function for estimation and dominate the search of optimal structural parameters.

In other words, the occupation gradients are targeted, but with much less priority than a

number of other targets. The first to the third column of Table 6 show the fits, which are

close for both physical and cognitive health and for all occupations.
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Table 6: Model Fit: Occupation Gradients in Correlation between Health and Retirement

Targeted Untargeted: Within Untargeted: Pooled

Man. Cler. Prof. Man. Cler. Prof. Man. Cler. Prof.

DATA

Phy. H. 0.098*** 0.061 0.026 0.106*** 0.131*** 0.089*** 0.153*** 0.147*** 0.140***

(0.021) (0.047) (0.032) (0.017) (0.040) (0.026) (0.015) (0.034) (0.029)

Cog. H. 0.015 0.061** 0.049** 0.014 0.081*** 0.039** 0.026** 0.046* 0.046**

(0.013) (0.026) (0.024) (0.011) (0.020) (0.019) (0.012) (0.025) (0.022)

MODEL

Phy. H. 0.087 0.058 0.022 0.113 0.154 0.110 0.154 0.150 0.143

(0.002) (0.005) (0.003) (0.002) (0.005) (0.003) (0.002) (0.004) (0.003)

Cog. H. 0.005 0.057 0.044 0.013 0.068 0.033 0.024 0.053 0.042

(0.001) (0.003) (0.003) (0.001) (0.003) (0.002) (0.001) (0.003) (0.002)

This table presents the occupation gradients in the correlation between retirement and physical and cognitive health,
estimated with real or simulated data. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. As the parameters
estimated on the simulated data can have arbitrarily small standard errors by increasing the number of simulations, the stars
of significance levels are not labelled.

The above targeted facts are based on the auxiliary models, which need to be relatively

simple for the convenience of structural estimation. Therefore, it is better to interpret them

as merely correlations. While the gradients estimated with the real data are robust to

including a number of control variables, as shown in the empirical facts section, the model

simulated gradients need not to be so. For example, the model simulated gradients may be

generated by heterogeneity in features other than the ability requirements. To ensure the

robustness, I also control for a battery of variables that are not included in the structural

model to estimate the simulated relationship between health and retirement. This check can

be interpreted as based on untargeted facts. The results are presented in the fourth to the

sixth columns in Table 6, and the simulated gradients still trace the data well.

The above gradients are estimated based on within-individual variations. While the

cross-sectional relationship between health and labor supply is not the main focus of our

model, we are curious about how well the model fits these untargeted facts. Based on the

pooled regression of labor supply on health, the last three columns show the fits are also

good.

Besides the relationship between health and retirement, how the model predicts labor

supply across occupations is also important. The average retirement ages are 64.2, 66.1

and 66.4 for the manual, clerical and professional occupations in the data. To compare, the

simulated ages are 64.5, 65.4 and 66.9 respectively. There are two challenges to trace the

age profiles of labor supply by occupations. First, I refrain from including leisure effects

of ages that are directly dependent on occupations into the model. Indeed, much of the
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existing work typically includes direct leisure effects of ages to help keep track of the life

cycle employment decline. Studies that target heterogeneous age profiles of labor supply are

rare. Second, the simulations implemented during the structural estimation are based on

the one-period-ahead approach instead of starting from the initial period. That is, for the

subsequent periods, only labor supply is simulated, and the rest state variables are taken the

ones in the data instead of being simulated. Therefore the structural parameters are chosen

to fit the labor supply one period ahead instead of to fit the whole life cycle. Figure 4 shows

the simulated labor supply both by one-period-ahead and from the initial period. While the

age profiles of labor supply simulated by one-period-ahead are highly close to the reality, the

ones simulated from the initial states also trace the data reasonably close.

Figure 4: Model Fit: Age Profiles of Labor Supply by Occupations
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These figures present the model fits about the age profiles of labor supply, measured by the LFP
rates. Simu1 refers to labor supply simulated by one-period-ahead approach. Simu2 refers to
simuation from the initial values. Man.: manual; Cler.: clerical; Prof.:professional.

7 Counterfactual Experiment

After estimating the structural model, I implement counterfactual experiments to explore

the roles of different dimensions of health, occupations, and their interactions. I quantify

the role of health in retirement from the dynamic perspective. I also implement experiments

in which workers face counterfactual ability requirements as other occupations. Eventually,

I simulate workers’ labor supply, consumption and welfare across occupations under the
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counterfactual full retirement age.

Because not only the history but also the prospect of health affects retirement decisions,

the role of health is obscure by comparing two otherwise the same individuals differing only

in their contemporaneous health status. For instance, in a reduced form regression of labor

supply on health, it is unclear whether we would like to control for wealth. On the one hand,

wealth is an informative indicator of individual’s socioeconomic status, which may capture

omitted variables correlate with both health and labor supply. On the other hand, wealth

is endogenous to individual’s labor supply and saving decisions, which in turn are affected

by individuals’ past health status as well as their expectations about the future health and

survival. Therefore, the full picture of health in retirement may be missing even under some

circumstances with exogenous variations. A regression of labor supply with exogenous health

shock at the age of 65 may nevertheless miss the complete picture of health in retirement,

as the exogeneity restricts that the treated and untreated individuals have the same wealth

by that age.

To understand the role of health in retirement, an ideal experiment would be to compare

two otherwise the same individuals such that one faces neither ex-ante nor ex-post health

shocks through out the life cycle, while the other faces the realistic transition of health. This

experiment can hardly be achieved in lab or in nature. The structural model provides a

transparent framework to understand the role of health in retirement in a life cycle perspec-

tive. In particular, I am able to turn off the channels through which poor health affects

retirement, and examine the changes in labor supply at each age. I am also able to simulate

individuals’ labor supply and consumption under policy reforms that have yet to happen. I

focus on the heterogeneous responses in labor supply and consumption, as well as the un-

equal welfare consequence, as there is substantial difference in the socioeconomic status and

the health requirements across occupations.

7.1 Baseline Experiment

I start with two experiments in the baseline to explore: (1) the role of overall health

across occupation; (2) the roles of physical and cognitive health in pooled occupations.

These baseline experiments shed light on the heterogeneity in occupations and health, but

without considering the interaction between each other.

7.1.1 Role of Overall Health in Different Occupations

In the first experiment, I quantify the employment decline across occupations driven by

the overall health, aggregating both the physical and cognitive dimensions. Specifically, I
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turn off all the channels of poor health and simulate the labor supply at each ages. I quantify

the declines of employment between age 51 and 70 under this counterfactual setting and

compare them with the ones in reality. 22

Under this counterfactual scenario, the employment decline from age 51 to 70 is 61.2

percentage points. Comparing to the 73.4 percentage points under the reality, poor overall

health explains 16.6% of the employment decline between age 51 and 70. By occupation,

the overall health explains 19.8%, 19.7% and 11.2% of the employment decline for the man-

ual, clerical and professional occupation respectively. To compare, Blundell, Britton, Dias,

and French (2021) find the employment decline between age 50 and 70 is explained by the

cognition and instrumented subjective health by 15.8% for high school dropouts, 12.2% for

high school graduates, and 14.2 % for college graduates.

Another way to see the role of health is through the average retirement ages under the

counterfactual setting with no poor health. In reality, the average retirement ages for manual,

clerical and professional workers are 64.4, 65.4 and 66.8 respectively. When the effects of

poor overall health are muted, these retirement ages rise to 66.7, 67.4 and 67.9. The gap in

average retirement ages between manual and professional workers reduces from 2.5 years to

1.2 years.

This experiment indicates the heterogeneity in retirement across occupations even with

the overall health. Nevertheless, it could be due to the notable gap in socioeconomic status

between occupations instead of the ability requirements.

7.1.2 Roles of Different Dimensions of Health in Pooled Occupation

I then examine the roles of physical and cognitive health by pooling all the occupations

together, without considering their heterogeneity. By shutting down the underlying channels,

I find physical and cognitive health respectively explain 10.0% and 6.2% of the employment

declines between age 51 to 70. The average retirement age rises from 65.1 to 66.4 and 65.8

respectively.

It is more intriguing to examine how physical and cognitive health affect retirement at

different ages, as a particular concern about encouraging late retirement is that the incidence

of dementia grows exponentially with age. The results in the empirical facts section also

reveal that cognition declines much faster as age increases. I quantify the impact of cognitive

22The reality refers to the benchmark simulation from the model, which closely tracks the real data. Poor
health affects the calculation of employment rates also by reducing the number of survived individuals,
generating misleading interpretation on the channels through which health affects retirement. Therefore, in
Section 7.1 and 7.2, the analyses are based on the simulated sample without attrition (but poor health still
affects the decision making by changing the life expectancy).

35



health relative to physical health at each age t as follows:

Relative Impact at Age t =
Y c∗
t − Yt

Y p∗
t − Yt

The numerator is the increase in labor supply at each age t after muting the channels of

cognitive health while the denominator is the one by muting physical ones.

Figure 5 shows how this relative impact varies with age. The effect of poor cognitive

health on labor supply is half of the one for poor physical health. This ratio is relatively

stable until late 60s, which has since grown exponentially. The effect of poor cognitive

health overtakes physical health at around age 73 and has almost doubles in three years.

This finding emphasizes the necessity to take into account the cognitive dimension of health,

especially for evaluating those retirement policies targeting at labor supply at advanced ages.

Figure 5: Labor Supply Effect of Cognitive Relative to Physical Health
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This figure presents the labor supply effect of cognitive health relative to physical health at each
age. The left axis shows the increased labor supply by muting the channels of poor physical or
cognitive health. The right axis shows their ratio.

7.2 Interactive Effects of Multidimensional Health and Heteroge-

neous Ability Requirements

The previous subsection explores the retirement effect of overall health without consid-

ering the multidimensionality. It also reveals the effects of physical and cognitive health

without considering the heterogeneity across occupations. The key insight of this paper is

that the multidimensional health may interact with the heterogeneous ability requirements

across occupations in affecting retirement decisions. To substantiate this insight, I implement
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two sets of counterfactual experiments.

7.2.1 Health-Driven Employment Decline

First of all, I quantify the share of employment decline from age 51 to 70 that can be

explained by poor physical and cognitive health, for each occupation separately. Under this

counterfactual environment, poor health incurs neither extra disutility of work nor wage

penalty. It also does not reduce the life expectancy nor increase the medical expenditure.

In a nutshell, this experiment is equivalent to a setting that everyone has and expects good

health through out the life cycle.

Although the baseline results suggest the role of overall health differs across occupations,

Figure 6 further reveals significant heterogeneity once we take into account the physical and

cognitive health by occupations. For the manual occupation, poor physical health explains

15.7% of the employment decline from age 51 to 70, whereas poor cognitive health accounts

for merely 1.4%. To the contrary, while 10.3% of the employment decline is attributed to the

poor cognitive health for the professional occupation, 3.6% is explained by the poor physical

health. For the clerical occupation, the roles of physical and cognitive health are on par with

each other. The results based on overall health revealed in the previous section significantly

underestimate the heterogeneity across occupations , as poor physical and cognitive health

affect retirement symmetrically across occupations.

In terms of the average retirement ages, muting the effects of poor physical health would

increase these ages respectively from 64.4, 65.4 and 66.8 to 66.3, 66.4 and 67.0 for the manual,

clerical and professional occupation. The resulting retirement age gap between manual and

professional workers would reduce from 2.5 to 1.2 years. Instead, these counterfactual ages

would be 64.8, 66.4 and 67.7 should poor cognitive health take no effects, and the retirement

age gap would widen to 2.9 years.
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Figure 6: Employment Decline Explained by Physical and Cognitive
Health by Occupations
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This figure presents the shares of employment decline between age 51 and 70 explained by physical
and cognitive health, by occupations respectively.

7.2.2 Counterfactual Ability Requirements

Both the heterogeneous ability requirements and the distinct socioeconomic status may

lead to differential retirement effects of health across occupations. For example, the same

negative health shock may be less insurable to the manual workers, as they are more likely

to have no insurance or have the less favorable type of employer-provided health insurance.

This may cause them higher out-of-pocket medical expenditure. Even if the amounts of

medical expenditure incurred are the same, manual workers are more likely to use labor

supply as a buffer to finance the expense, as they typically have less precautionary savings.

To further examine the role of heterogeneous ability requirements across occupations, I

implement another four sets of counterfactual experiments. In the first two sets of experi-

ments, I explore how would labor supply change if workers from the occupations with more

demanding health requirements faced the mildest requirements. If the heterogeneous effects

of physical and cognitive health are mainly driven by the socioeconomic gaps, the labor sup-

ply would not change very much, as the counterfactual experiments preserve health, savings

and all other state variables as in the reality.

Specifically, the model characterizes the heterogeneous ability requirements of occupa-

tions by the extra disutility of work and the wage penalty caused by poor physical and

cognitive health. Notice that both of them are directly related to individual’s work status

and the associated occupations. On the other hand, difference in the joint distribution of
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Table 7: Labor Supply under Counterfactual Ability Requirements

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

LFP at 61-65

Manual 0.66 0.74 (0.08) 0.66 (0.01) 0.58 (-0.08) 0.65 (-0.01)

Clerical 0.71 0.74 (0.03) 0.76 (0.05) 0.69 (-0.02) 0.66 (-0.05)

Professional 0.76 0.77 (0.01) 0.80 (0.03) 0.76 (0.00) 0.72 (-0.04)

LFP at 66-70

Manual 0.35 0.44 (0.09) 0.36 (0.01) 0.26 (-0.09) 0.34 (-0.01)

Clerical 0.44 0.47 (0.03) 0.50 (0.06) 0.41 (-0.02) 0.38 (-0.05)

Professional 0.52 0.53 (0.01) 0.58 (0.05) 0.52 (-0.01) 0.47 (-0.05)

Ave. Ret. Age

Manual 64.5 65.7 (1.2) 64.6 (0.1) 63.3 (-1.2) 64.4 (-0.1)

Clerical 65.4 65.9 (0.5) 66.3 (0.9) 65.2 (-0.3) 64.6 (-0.8)

Professional 66.9 67.0 (0.1) 67.7 (0.8) 66.9 (-0.1) 66.2 (-0.8)

Pro. - Man. 2.4 1.3 (-1.1) 3.1 (0.7) 3.6 (1.2) 1.8 (-0.7)

This table presents the labor force participation rates and the average retirement ages under the counterfactual
ability requirements. The changes relative to the baseline are reported in parenthesis.

the rich state variables captures socioeconomic gaps.

Table 7 first presents the baseline labor supply, measured by the LFP rates, at ages

61-65 and 66-70 in the reality, and Specification (1) presents results of the first experiment.

For ages 66-70, the gap of labor supply between the manual and professional workers is

17 percentage points. When manual workers face the same physical health requirement as

professional workers, their labor supply increases from 0.35 to 0.44, and the gap shrinks by

almost half. The labor supply gap at ages 61-65 narrows substantially, as the labor supply

of manual workers rises from 0.66 to 0.74, being close to the 0.77 for professional workers.

In terms of the average retirement age, the gap between manual and professional workers

shrinks from 2.4 years to 1.3 years.

To the contrary, Specification (2) shows that when professional workers face milder cog-

nitive requirement, the gap in average retirement age widens to 3.1 years, as professional

workers further increase their labor supply at advanced ages.

What if workers face the health requirements as much as the most demanding occupa-

tions? According to Specifications (3) and (4), the retirement age gap rises from 2.4 to 3.6

years when manual workers face the same cognitive requirements as professional workers. At

the same time, the gap narrows to 1.8 years when the professional occupation is as physi-

cally demanding as the manual occupation. These counterfactual experiments suggest that

the heterogeneous ability requirements explain a great share of the labor supply gap across

occupations.
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7.3 Occupational Retirement under Higher Retirement Age

Previous counterfactual experiments indicate the heterogeneous roles of physical and

cognitive health across occupations in retirement. Notice that these experiments are imple-

mented under the current Social Security rules. What’s the implication of this heterogeneity

under proposed Social Security reforms? Policy proposals that incentivize late retirement

tend to reduce benefits. Conceptually, by delaying retirement, older people use their labor

supply as a buffer against this negative shock. Poor health may limit the ability that older

people use labor supply as a buffer. Policymakers typically worry about the workers in those

physically-demanding occupations. However, as the above results suggest, cognitive health

is also important for the clerical and professional workers. Ignoring the cognitive dimension,

we may overestimate the buffer for these workers.

On top of the labor supply, older people could also use their savings as a buffer. Profes-

sional workers could be more flexible in deciding when to retire as they have more financial

resources. To the contrary, manual workers, with more constrained budgets, may be forced

to delay their retirement even under poor health status. In other words, they have to use

labor supply as the buffer because they have limited leeway via savings. Therefore, the wel-

fare implication across occupations crucially depends on older people’s buffer ability through

labor supply or savings. While detailed models may well capture the buffer via savings, they

may fail to precisely characterize the buffer ability via labor supply by missing the interaction

between multidimensional health and heterogeneous ability requirements.

The following counterfactual experiment simulates individuals’ supply and consumption,

and evaluates the welfare changes under the retirement policy reform.23 The policy I consider

is to increase the full retirement age (FRA) to the age of 70.24 The current rule stipulates

100% benefits for the retirement starting at age 66 for the sample cohort. The benefits are

reduced by 6.67% every one year earlier than the FRA, up to 3 years. For every extra earlier

year, the benefits are reduced by 5% instead. Benefits are raised for the retirement starting

23I evaluate the welfare changes by two measures. The first measure is the difference in the present
discounted value (PDV) of utility before and after the reform. The second measure is the compensating
variation, which evaluates the amount of assets needed to be given to individuals after the reform to maintain
their utility the same as before the reform. The PDV measure suggests that the same amount of pecuniary
loss incurs larger utility reduction for poor individuals because the utility function is concave. The measure
of compensating variation addresses this concern at the cost of bringing another caveat. The same extent
of utility loss due to the disutility of work, should they be comparable, would required larger pecuniary
compensation for rich people than for poor ones. For these concerns, I report results based on both measures.

24This proposal has been proposed in various times. For instance, Social Security Policy Options 2015 by
Congressional Budget Office examines the options to increase FRA to age 68, to age 70, and to increase it by
one month per birth year. In April 2017, Martin Feldstein, chairman of the Council of Economic Advisers
under President Reagan, suggested in Wall Street Journal that increasing the FRA to age 70 can offset
revenue loss from the tax cut under the government of Donald Trump.
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after the FRA, by 8% each year up to age 70. For example, the benefits are 75% and 132%

of the full benefits respectively for individuals retire at age 62 and 70 under the current rule.

Under the counterfactual experiment, I assume individuals receive full benefits at age 70 but

no higher benefits for delayed retirement. The benefits reduction for early retirement is still

6.67% each year up to 3 years and 5% each year for the rest. The retirement at age 62 thus

leads to 55% of the full benefits under the counterfactual rule.

Table 8: Labor Supply, Consumption and Welfare under Higher FRA

Baseline FRA=70 Change

Man. Cler. Prof. Man. Cler. Prof. Man. Cler. Prof.

LFP (p.p.)

61-65 65.4 71.2 76.4 69.1 73.8 78.0 3.3 2.6 1.6

66-70 35.1 43.6 52.3 40.1 48.6 55.6 5.0 5.0 3.3

Ave. Ret. Age 64.50 65.44 66.94 65.15 66.08 67.45 0.65 0.64 0.51

Consumption (1,000$) 96.4 103.7 146.3 93.3 99.9 142.9 -3.1 -3.9 -3.5

PDV as of Age 60 26.6 26.7 31.0 26.1 26.2 30.8 -0.5 -0.5 -0.2

Comp. Var. (1,000$) 3.3 2.2 2.2

This table presents the labor force participation rates, the average retirement ages, the consumption since the age of 60
and the welfare measures before and after the increase of FRA.

Table 8 presents the results under the current and the counterfactual FRA. As Social

Security retirement benefits are lower when the FRA increases to 70, both the substitution

and income effects lead to the increase of labor supply at older ages. Although the capacity to

work of those workers from the physically demanding jobs are typically concerned, the results

suggest manual workers turn out to be more responsive to this policy change. The average

retirement age would increase by 0.65, 0.64 and 0.51 years respectively for the manual, clerical

and professional workers. Two possible reasons explain this heterogeneity. The first reason

may relate to the effect of cognitive health for clerical and professional workers. Although

poor physical health limits manual workers’ ability and willingness to work, cognitive health

takes a larger effect on the labor supply in clerical and professional occupations. The second

reason could be that workers in manual occupations have less income and savings. Therefore,

the reduction in Social Security benefits generates stronger substitution and income effects

to them.

Existing structural literature covering the heterogeneous effects of retirement policy re-

forms is scant. The current finding is consistent with Gustman and Steinmeier (1986), who

also find a larger labor supply response to the increase of FRA by 1983 Amendment for

more physically demanding jobs. Jacobs (2019) find various responses across occupations

depending on the policies. The results are also in line with the findings in two strands of
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literature. First, it is consistent with the broad studies on the retirement effects of health,

which reach the conclusion that health is an important but not the dominating factor for

retirement. Second, it is consistent with the studies on the health capacity to work of older

people. Cutler, Meara, and Richards-Shubik (2013) and Milligan and Wise (2015) both

find large capacity to work and suggest health may not be the main constraint for delayed

retirement.

Although poor health may give way to economic incentives under the policy reform,

they could nevertheless imply nontrivial and unequal welfare costs. Delayed retirement with

poor health could be particularly suffering. The simulation suggests, although professional

workers experience larger reduction in consumption since the age of 60, they end up with less

welfare loss. The welfare loss measured by PDV as of age 60 is 0.50 for manual workers and

0.22 for professional workers. While this could capture the fact that the utility loss caused

by one dollar reduction in consumption is smaller for professional workers because of the

diminishing marginal utility, the welfare loss measured by the compensation variation yields

the same conclusion. The reversal between the consumption and the compensation variation

across occupations suggests manual workers would suffer differentially high nonpecunairy

welfare loss if the FRA became higher, although they tend to be more responsive to this

policy change.

8 Conclusion

Since 1960s, fundamental changes to the labor markets have been raising the require-

ments for cognitive abilities. Jobs on average are also becoming less physically demanding.

Existing research that examines the retirement effect of cognitive health is rare. Much of the

existing work also focuses on factors in the labor supply side, without taking into account

the heterogeneity in the labor demand side. This paper focuses on the retirement effects

of multidimensional health interacting with the heterogeneous ability requirements across

occupations. It also seeks to quantify the heterogeneous response in labor supply and the

welfare consequence across occupations under retirement policy reforms.

I document novel facts about the occupation gradients in associations between retire-

ment and the multiple dimensions of health. Based on that, a dynamic structural model is

developed and estimated. I find that while the retirement effect of cognitive health is domi-

nated by the physical one, it overtakes since the late 60s and becomes much more important

after age 70. In contrast to the physical health, cognitive health explains a larger share of

the employment decline between age 51 and 70 in the professional occupation. By experi-

ments with the counterfactual ability requirements, the heterogeneous ability requirements
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are showed playing an important role. This paper also finds that, under the higher FRA,

manual workers would end up with larger response in their labor supply but suffer greater

welfare loss nevertheless.
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Appendices

Appendix A Physical Health Index

This appendix section presents the age profiles and variations for the measure of physical

health used in this paper, i.e. the health index constructed as the self-reported health

instrumented by a battery of objective measures. Specifically, I estimate the ordered probit

regressions with independent variables about the functional limitations, diseases and basic

demographic and socioeconomic status. Variables related to functional limitations include:

the summary of Activities of Daily Living (ADL), the summary of Instrumental Activities of

Daily Living (IADLs), the mobility index, the large muscle index, the gross motor index and

the fine motor index. Variables related to diseases include whether the individual ever had:

(1)high blood pressure; (2)diabetes; (3)cancer; (4)lung disease; (5)heart problems; (6)stroke;

(7)arthritis.25 Demographic and socioeconomic variables consist of the age dummies, years

of schooling, education degrees, birth year dummies and assets.

Figure 7: Age Profiles of Physical Health
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The figures present the variations of physical health index from age 51 to 75. Results are obtained by regressing
physical health index on age dummies, controlling for individual fixed effects. LHS: less than high school; HS: high
school; SC&C: some college and college. Man.: manual; Cler.: clerical; Prof.:professional.

25Details about these variables are referred to Rand HRS documentations.
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Table 9: Variations of Physical Health by Education and Occupation

Education Occupation

LHS HS SC&C Man. Cler. Prof.

Age 51 0.23 0.56 0.86 0.56 0.76 0.86

Age 61 -0.09 0.20 0.56 0.16 0.39 0.61

Age 71 -0.52 -0.12 0.25 -0.23 0.09 0.34

Standard Deviation 0.91 0.78 0.39 0.73 0.73 0.65

Drop from 51 to 61 -0.33 -0.36 -0.29 -0.40 -0.37 -0.25

Drop from 61 to 71 -0.43 -0.32 -0.31 -0.39 -0.30 -0.27

This table presents variations of physical health index by education and occupation. The values are
predicted from the regressions with cubic ages to reduce noise. Individual fixed effects are controlled to
obtain within-individual variations. LHS: less than high school; HS: high school; SC&C: some college
and college. Man.: Manual; Cler.: Clerical; Prof.: Professional. I include observations that have already
retired in order to keep track of the transition at all ages. Their occupations are defined as the last ones
while working.

For comparison, I also present the results of self-reported health, the most common

measure used by previous studies.

Figure 8: Age Profiles of Self-Reported Health
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The figures present the variations of self-reported health from age 51 to 75. Results are obtained by regressing self-reported
health on age dummies, controlling for individual fixed effects. LHS: less than high school; HS: high school; SC&C: some
college and college. Man.: manual; Cler.: clerical; Prof.:professional.
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Table 10: Variations of Self-Reported Health by Education and Occupation

Education Occupation

LHS HS SC&C Man. Cler. Prof.

Age 51 3.22 3.56 3.98 3.60 3.82 4.07

Age 61 2.99 3.30 3.65 3.24 3.50 3.72

Age 71 2.68 3.01 3.27 2.89 3.16 3.35

Standard Deviation 1.13 1.09 1.08 1.06 1.05 1.00

Drop from 51 to 61 -0.23 -0.26 -0.33 -0.37 -0.32 -0.35

Drop from 61 to 71 -0.31 -0.29 -0.38 -0.35 -0.34 -0.37

This table presents variations of self-reported health by education and occupation. The values are
predicted from the regressions with cubic ages to reduce noise. Individual fixed effects are controlled to
obtain within-individual variations. LHS: less than high school; HS: high school; SC&C: some college
and college. Man.: Manual; Cler.: Clerical; Prof.: Professional. I include observations that have already
retired in order to keep track of the transition at all ages. Their occupations are defined as the last ones
while working.

Appendix B Occupation Classification and Ability Re-

quirements

In HRS, occupations are reported as 4-digit codes consistent with the Census. The

occupations from wave 1 to wave 7 are consistent with Census 1980, while the codes based

on Census 2000 are applied since wave 8. For confidentiality, the 4-digit codes are masked and

classified into 17 groups in wave 1-7 and 25 groups in wage 8-12. Table 11 lists the mapping

between the three categories defined in this paper and HRS 2-digit masked occupations.

Table 12 and 13 show how much each detailed ability is required by the three occupa-

tion groups. The last column of each table reports the ratio of the professional relative to

the manual occupation. Physical abilities are significantly less required by the professional

occupation, whereas cognitive abilities are in the contrast.
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Table 11: Occupation Classifications

Categories Waves 1-7 Waves 8-12

Manual (10)Farming, forestry, fishing; (11)Me-
chanics and repair; (12)Construction
trade and extractors; (13)Precision
production; (14)Operators: machine;
(15)Operators: transport, etc.; (16)Op-
erators: handlers, etc.; (5)Service:
private household, cleaning and build-
ing services; (6)Service: protection;
(7)Service: food preparation; (8)Health
services; (9)Personal services

(19)Farming, Fishing, and Forestry;
(20)Construction Trades (21)Extraction
Workers; (22)Installation, Mainte-
nance, and Repair; (23)Production;
(24)Transportation and Material Mov-
ing; (12)Healthcare Support; (13)Pro-
tective Service; (14)Food Preparation
and Serving Related; (15)Building and
Grounds Cleaning and Maintenance;
(16)Personal Care and Service

Clerical (3)Sales; (4)Clerical, administrative sup-
port

(17)Sales and Related; (18)Office and
Administrative Support

Professional (1)Managerial specialty operation;
(2)Professional specialty operation and
technical support

(1)Management; (2)Business and Finan-
cial; (3)Financial Specialists; (4)Com-
puter and mathematical; (5)Architec-
ture and Engineering; (6)Life, Physical,
and Social Science; (7)Community and
Social Service; (8)Legal; (9)Education,
Training, and Library; (10)Arts, De-
sign, Entertainment, Sports, and Media;
(11)Healthcare Practitioners and Techni-
cal

Member of Armed Forces is excluded.

Table 12: Physical Ability Requirements across Occupations

Manual Clerical Professional Prof./Man.

Dynamic Flexibility 7.1 0.9 0.7 0.09

Dynamic Strength 33.7 10.5 9.4 0.28

Explosive Strength 10.5 2.2 4.5 0.43

Extent Flexibility 42.4 13.8 11.1 0.26

Gross Body Coordination 36.0 12.4 11.7 0.33

Gross Body Equilibrium 27.5 9.3 9.3 0.34

Stamina 40.8 14.4 13.6 0.33

Static Strength 44.7 17.2 13.5 0.30

Trunk Strength 49.0 23.0 21.6 0.44

The table presents the physical ability requirement scores for the occupation groups defined
in this paper. For each ability, the score for a given occupation group is the weighted-sum of
the scores of six-digit occupations under this group. The scores of six-digit occupations are
obtained from O*NET and the weights are the employment shares in 2014 obtained from
the CPS data .
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Table 13: Cognitive Ability Requirements across Occupations

Manual Clerical Professional Prof./Man.

Oral Expression 58.3 71.2 76.0 1.30

Oral Comprehension 60.8 71.9 75.5 1.24

Number Facility 29.8 41.5 44.5 1.49

Mathematical Reasoning 28.8 41.7 47.2 1.64

Information Ordering 53.2 55.6 63.6 1.20

Inductive Reasoning 49.6 52.5 66.5 1.34

Fluency of Ideas 34.8 40.3 55.8 1.61

Flexibility of Closure 40.8 38.5 48.6 1.19

Deductive Reasoning 52.9 54.7 69.1 1.31

Category Flexibility 45.7 50.4 56.8 1.24

Memorization 30.2 35.5 40.8 1.35

Written Expression 42.0 58.3 68.3 1.63

Written Comprehension 48.4 62.7 72.8 1.50

Visualization 41.8 30.3 41.5 0.99

Time Sharing 40.1 39.5 43.3 1.08

Speed of Closure 32.3 32.1 40.1 1.24

Spatial Orientation 21.9 3.4 5.1 0.23

Selective Attention 48.8 49.0 52.4 1.08

Problem Sensitivity 58.9 57.6 70.5 1.20

Perceptual Speed 41.7 39.5 44.2 1.06

Originality 33.3 38.8 53.5 1.61

The table presents the cognitive ability requirement scores for the occupation groups
defined in this paper. For each ability, the score for a given occupation group is the
weighted-sum of the scores of six-digit occupations under this group. The scores of
six-digit occupations are obtained from O*NET and the weights are the employment
shares in 2014 obtained from the CPS data .

Appendix C Calculation of Social Security Benefits

Given the complexity of the Social Security scheme, there are several modelling issues

and simplifications to be discussed:

C.1 Eligibility for Social Security benefits

Individuals are entitled to Social Security retirement benefits only after they earned

40 credits. The credits are linked to the annual earnings and each year a maximum 4

credits can be earned. For example, in 2016 one credit is received for each $1260. For most
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people, this requires them to work at least 10 years to be qualified for the Social Security

retirement benefits. Because of the curse of dimensionality, I do not maintain the credits that

individual has earned as a state variable in the model. Instead, all individuals are assumed

to be qualified as long as they reach the early retirement age. Given that the average work

experience at age 62 is very long, this should not be a very strict assumption.26

C.2 State Variables

As described before, AIME serves as a state variable in the model and I calculate PIA

and Social Security benefits based on it. The dependence of benefits on the age at which

individual begins drawing benefits requires adding this age as another state variable. Given

the multiple values this variable can take, adding it as a state variable will significantly

expand the state space of current model, which is already tremendously large. Instead, I

follow French and Jones (2011) and reflect the adjustment from PIA to real benefits in the

transition process of AIME to exclude the starting age of benefit-taking as a state variable.

The cost of doing it is to add another binary values state variable: whether the individual

is the first or subsequent year taking benefits.

To be specific, take the individual starts to draw benefits at age 67 as an example. By

Social Security rule, the benefits individual takes is 1.08 times of his PIA, not only for benefits

collected at the age of 67 but also all the subsequent ages. To convert the PIA to real benefits

amounts, say, at the age of 69, a variable records that individual began collecting benefits

at age 67 is necessary to obtain the adjustment coefficient 1.08. To avoid doing this, at the

age of 67 when individual collects the benefits for the first time, in the transition process

of AIME, I multiply the AIME by the adjustment coefficient. Notice that the adjustment

coefficient is only known at age 67 but not subsequent ages without keeping the age of

first-time-benefit-drawing as a state variable. In the all following ages, the adjustment from

PIA to real benefits is not needed because it is already reflected in the AIME. However,

without modelling the Social Security application as a choice, I assume the first year of not

working after age 62 as the beginning time of drawing benefits. In the case that individual

reenters working after receiving Social Security benefits, I cannot distinguish whether it is

his first time or not if he stops working without the assistance of extra variables. Therefore

I add a binary state variable to record whether it is the first time of benefit-drawing. This

variable, together with AIME, will determine individual’s Social Security retirement benefits

eventually.27

26As far as I know, the only exception which keeps the earned credit as a state variable is Van der Klaauw
and Wolpin (2008).

27French and Jones (2011) models the Social Security application. Thus whether it is the first time of
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Appendix D Private Pension

Private pension is an important supplement to Social Security, particularly for people

with high income. Coile and Gruber (2007) reveals that private pension has equivalent

importance in incentivizing older people to retire. There are two main plans of the private

pensions: the defined-benefit pension and the defined-contribution pension (hereinafter DB

and DC plans). The DB plan was previously prevalent whereas the DC plan has become

popular recently for the sake of alleviating the increasing burden upon employers. The

private pension plans are employer-specific and very heterogeneous. Completely modelling

this essentially requires solving the model with respect to every individual respectively.28.

Alternatively, Van der Klaauw and Wolpin (2008) abstracts from modelling the DC plan

because it requires adding an extra decision variable similar to saving 29 French and Jones

(2011) further abstract from modelling the private pension based on the detailed employer-

specific plans. Instead, they construct a complex while reduced-form model to predict the

private pension without specifically distinguishing the DB and DC plans. This paper follows

the approach adopted by French and Jones (2011).

Appendix E Optimal Consumption

In a few cases, the choice-specific value function is not a concave function of consumption.

For example, when the consumption in period t is over a threshold so that the assets left for

next period is too low in a certain range such that the individual is hitting the consumption

floor in period t+1 in this assets range. This will lead to the situation that expected value

function in period t is declining in current consumption and then becomes flat after the assets

left for next period is lower than a threshold (i.e. after the current period consumption is

higher than a threshold). By widening the searching frame, say set Cnear to 10 instead

of 5, this issue can be addressed. I also tried another strategy to avoid increasing the

search frame which leads to slower searching speed. If the non-concave case happens, in

which U(Cbest+Cnear) > U(Cbest) < U(Cbest+Cnear), I reset Cbest to Cbest-Cnear or

Cbest+Cnear depending on which provides the higher utility. This leads to slightly higher

bias in the optimal consumption if Cnear is small, but the bias is trivially small.

benefits taking can be determined directly from the choice variable. Van der Klaauw and Wolpin (2008) does
not have Social Security application as a choice variable. Nevertheless they add the age at which individual
begins drawing Social Security benefits as a state variable.

28Examples include Blau and Gilleskie (2008) and Bound, Stinebrickner, and Waidmann (2010)
29The contribution to DC pension is similar to savings through pension wealth.
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Appendix F First-Stage Estimation

F.1 Mortality Rates

Mortality rates are assumed to depend on age and the joint status of physical and cog-

nitive health. Following French (2005), I use the Bayesian rule to calculate the health-

dependent mortality rates. As the physical and cognitive health have been discretized

into two states, there are four joint health status: {hp
t = 0, hc

t = 0}, {hp
t = 1, hc

t = 0},
{hp

t = 0, hc
t = 1} and {hp

t = 1, hc
t = 1}, where hp

t and hc
t are the indicators of poor physical

and cognitive health respectively. As shown by the formula below, the health-dependent

mortality rate can be decomposed into the unconditional mortality rate Pt(st+1 = 0|st = 1)

and a health-specific shifter
Pt(h

p
t ,h

c
t |st+1=0,st=1)

Pt(h
p
t ,h

c
t |st=1)

.

Pt(st+1 = 0|st = 1, hp
t , h

c
t) =

Pt(h
p
t , h

c
t |st+1 = 0, st = 1)

Pt(h
p
t , h

c
t |st = 1)

× Pt(st+1 = 0|st = 1)

To see how this shifter works, consider two examples. First, there should be little share of

individuals with poor health at age 51, whereas those died between 51 and 52 are very likely

to suffer poor health. These two facts imply a large poor health shifter to the unconditional

mortality rate at 51: having poor health at younger ages is rare but it raises the individual

mortality rate significantly from the average level. To compare, many individuals alive at

81 may have poor health, regardless of their survivals to age 82 or not. In this case, having

poor health leads to only modest shift to the mortality rate at age 81. Since most individuals

have poor health at age 81, being unhealthy does not change the individual mortality rate

substantially.

The unconditional mortality rate Pt(st+1 = 0|st = 1) is obtained from Social Security

Administration actuarial life tables. I use the HRS data to estimate the health shifter

Pt(h
p
t , h

c
t |st+1 = 0, st = 1)/Pt(h

p
t , h

c
t |st = 1). It is estimated on the expanded sample instead

of the primary sample, because the primary sample has very few observations at old ages. To

obtain smooth functions, I use quadratic polynomials of age to predict Pt(h
p
t , h

c
t |st+1 = 0, st =

1) and Pt(h
p
t , h

c
t |st = 1). Estimates of the mortality rates by health status are presented in

the figure below. The mortality rates are the lowest if the individual is both physically and

cognitively healthy, followed by the ones under only poor cognitive health. The mortality

rates are further higher when individuals have poor physical health only, and the rates end

up the highest if both physical and cognitive health are poor.
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Figure 9: Estimates of Mortality Rates by Joint Health Status

F.2 Health Transition

The health transition is also based on the joint status of physical and cognitive health

with four states: {hp
t = 0, hc

t = 0}, {hp
t = 1, hc

t = 0}, {hp
t = 0, hc

t = 1} and {hp
t = 1, hc

t = 1},
where value 1 denotes poor health status. The joint health state in period t+1 is assumed to

depend on the current joint health state, age and occupation in period t, as well as education.

Specifically, I estimate multinomial logit regressions of the joint health state in period t+1 on

quadratic ages, the education indicators and the occupation indicators in period t, separately

conditioning on each joint health state in period t.30 The identification assumption is that,

given the current status of health, the future health is affected by the current LFP and the

corresponding occupations, but not vice versa.

The estimates reveal the age-specific transition probabilities between 4*4=16 joint health

states, with heterogeneity by education and occupation. Results are provided as below. In

general, probabilities of getting into worse health states become higher as age increases, while

the probabilities of recovering from worse health states decline with age. People with lower

education are more likely to transit into worse health states and less likely to recover from

30I do not estimate the regressions separately by the interaction of education, occupation and joint health
states, which leads to 4*4*4=64 regressions, because sample sizes are very small under these finer classifica-
tions. Education and occupation thus affect health transition probabilities mainly by shifting the constant
term, though they also interact with age via the nonlinear logit functional form. According to my exploratory
estimates, difference between these two specifications is very small.
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those states.

The age profiles by occupations are presented as individuals exited their occupations and

become out of the LF at different ages. In general, working, regardless of the occupations,

reduces the likelihood of transiting into poor health in the next period.

Figure 10: Transition Probabilities of Health conditional on {hp
t = 0, hc

t = 0}

Figure 11: Transition Probabilities of Health conditional on {hp
t = 1, hc

t = 1}
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Figure 12: Transition Probabilities of Health conditional on {hp
t = 0, hc

t = 1}

Figure 13: Transition Probabilities of Health conditional on {hp
t = 1, hc

t = 0}

F.3 Wage Equations

The model includes idiosyncratic shocks to the total income instead of the labor earnings.

The reason is if the idiosyncratic shocks are attached to labor earnings, the consumption

after retirement will be homogeneous conditional on the observed state variables. With
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idiosyncratic income shocks independent of labor supply, the wage equations end up with no

selection and it is possible to estimate them in the first stage, separately from the preference

parameters. Nevertheless, I estimate the wage equations by Heckman selection model, using

the indicators of age 62 and 65 as the exclusion restriction to augment the identification.

The underlying assumption is that, once controlling for the smooth effects of age on wage,

reaching age 62 and 65 only affects individuals labor supply but not wage. Individuals are

eligible for the retirement benefits by reaching age 62, while they are eligible for Medicare

at age 65. While individuals’ productivity is definitely affected by age, this effect should be

smooth. Their productivity is unlikely to suffer a sudden change at these specific ages.

The estimates of wage equations are reported below. The occupation-dependent effects of

physical and cognitive health still exist though seem less clear. The reduction in wage due to

poor physical health is slightly smaller in the professional occupation than other occupations.

The effects of poor cognitive health is much larger in the clerical and professional occupation

than the manual occupation. For the other estimates,

Table 14: Estimates of Wage Equations

Manual j=1 Clerical j=2 Professional j=3

Constant ln rj + κ1j 0.818 0.944 4.334

(0.567) (0.354) (0.904)

Age κ2j 0.156 0.043 0.010

(0.023) (0.042) (0.0026)

Age-Squared κ3j -0.0030 -0.0011 -0.0003

(0.0004) (0.0007) (0.0004)

Education: high school κ42j 0.151 0.232 -0.007

(0.027) (0.088) (0.129)

Education: some college κ43j 0.186 0.356 0.155

(0.032) (0.089) (0.128)

Education: college and above κ44j 0.259 0.459 0.289

(0.045) (0.093) (0.127)

Poor physical health κ5j -0.074 -0.109 -0.042

(0.028) (0.068) (0.056)

Poor cognitive health κ6j -0.073 -0.154 -0.189

(0.025) (0.061) (0.053)

Observations 5,509 1,819 4,144

This table reports the estimates of wage equations. The skill price and the constant term in the human
capital rj and κ1j cannot be separately identified. Education takes four discrete values in the model,
so κ4xj correspond with the premium of three discrete higher education levels (less than high school is
omitted as baseline). Standard errors in parentheses.
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F.4 Others

I estimate the equation of out-of-pocket medical expenditure by Tobit, taking into account

the censoring. Out-of-pocket medical expenditure is computed as sum of the one from the

respondent and from his wife, if any. In the structural model, medical expenditure depends

on the joint status of physical and cognitive health, the health insurance type, as well as

the age. In estimating the equation, I also control for assets, education, income, as well

as mental health status. In general, the results suggest poor physical health has significant

effect on medical expenditures, with the effect of cognitive is small and ambiguous. One

caveat is that the medical expenditure is deterministic in the model, due to the complexity

of the current model with two types of health as well as three occupations. The channel of

medical expense could be underestimated. Readers who are interested in the role of risk of

medical expenditure are referred to French and Jones (2011), who focus on the modelling

about the stochastic medical expenditure.

The benefits of SSDI is calculated based on the rule of Social Security Administration. I

approximate the probability of having SSDI for those younger than 65 by their joint health

status, the nonparametric age function, as well as their labor supply status and occupation.

Those older than age 65 convert their SSDI to the retirement benefits automatically.

The spousal income is predicted by individual’s own education and a cubic function of age.

Specifically, I allow two separate functions of age and education, each for the probability of

having positive spousal income and for the amount of spousal income conditional on having.

Appendix G Model with Unobserved Types

In my extensive exploration, I find the parameters of the type probability functions

are hard to precisely identified, although the heterogeneous disutility of work across types

are well identified. This finding is consistent with Heckman and Singer (1984), who also

find while estimates of the underlying mixing distribution are not reliable, the structural

parameters are estimated quite well. While there are vast theoretical discussions on the

identification of finite mixture model, such as Kasahara and Shimotsu (2009), two features

in the current paper complicate the identification: First, the current estimation is based on

moments instead of likelihood functions that most theoretical work relies on. Moments-based

methods such as the method of simulated moments and the indirect inference leverage only

partial information in the data. To the best of my knowledge, there is little discussion on

which moments are necessary for the identification of the finite mixture model, especially

among empirical studies. Iskhakov and Keane (2020) also attribute the weak identification of
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parameters related to their mixture model to this potential reason. 31 Second, the outcome

variable is discrete instead of continuous. Intuitively, we have to rely on variations in the

long-term labor force participation rates across individuals to identify the mixture structure,

which imposing higher data requirements.

In various exercises, I have tried different identification strategies following previous em-

pirical work: (1) Regressing the labor supply in subsequent waves on the initial state vari-

ables, à la Dix-Carneiro (2014). The idea is that unobserved types differing in the disutility

of work have persistent effects on the labor supply, which can be captured by the regression

of subsequent labor supply on initial state variables; (2) Including extra variables as the

exclusion restriction, à la French and Jones (2011) and Van der Klaauw and Wolpin (2008).

I include the variable about individual’s work preference, which measures how much the

individual enjoys working. I also apply the practice in (1) separately by individual’s work

preference. While there are only seven parameters to be estimated and more than a hundred

moments, I find only the heterogeneous disutility of work across types is identified. The

coefficients in the type probability functions share the same signs but their magnitudes are

highly sensitive to the initial values. 32

Only when I target the gaps in life cycle labor supply between different initial states,

which are described in the Section of Solution and Estimation Methods, parameters of the

type probability functions are reasonably identified. The rationale is as follows. Different

initial values, say physical health, associate with individuals of different types with different

disutility of work, and this unobserved heterogeneity will translate to the gap in life cycle

labor supply between individuals with different initial values. However, as so many moments

about the life cycle labor supply conditional on different initial state variables are included,

the model is distracted from targeting the more central moments, such as the labor supply

by occupations, and it ends up with worse fit for these important facts which are important

to our counterfactual experiments.

For all the above reasons, I am less confident about the estimates based on the model with

heterogeneous types. The counterfactual experiments are thus implemented based on the

model without unobserved types, of which estimates are stable and transparently identified.

Results based on the model with unobserved types are presented in the following table.

Individual unobserved types mainly affect the estimation of λ1. The central parameters,

31See their discussion in the 30th footnote.
32Parameters related to the mixture model includes the parameter capturing the difference in disutility

of work between types, as well as the parameters of the type probability functions: the constant term,
the coefficient of work preference, education, initial physical health, initial cognitive health, and of the
initial assets. Notice that the coefficients of occupations in the type probability functions are not separately
identified from the disutility of good health λ1, which is also constant and occupation-specific.
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such as λ2, λ3 and ν, are quite robust to different specifications.

Table 15: Estimates of Preference Parameters for The Model with Unobserved Types

Manual Clerical Professional

Non-pecuniary utility

Extra disutility of work (poor p.h.) −λ2 0.831 0.565 0.202

(0.015) (0.021) (0.017)

Extra disutility of work (poor c.h.) −λ3 0.167 0.517 0.317

(0.013) (0.025) (0.026)

disutility of work (Type1) −λtype1
1 0.420 -0.083 0.152

(0.008) (0.004) (0.006)

disutility of work (Type2) −λtype2
1 0.189 -0.315 -0.080

Pecuniary utility

Bequest Motive ι 12.05 (0.388)

Coefficient of Risk Aversion ν 1.269 (0.009)

This table presents the preference parameters estimated in the second step for the baseline model. Within-individual
variations are exploited to identified these parameters. λtype2

1 = λtype1
1 + δλ, where λtype1

1 and δλ are directly estimated.

The λtype2
1 are induced. Standard errors are in parentheses.

Appendix H Standard Error

The asymptotic variance of the structural estimates is given the following formula:

(G
′

0Ω0G0)
−1(G

′

0Ω0Λ0Ω0G0)(G
′

0Ω0G0)
−1

where

Λ0 = V ar[si(φ0)] = E[si(φ0)s
′

i(φ0)]

and

G0 = E[▽φsi(φ0)]

φ is the vector of structural parameters estimated in the second step. si(φ) is the the

simplified notation for the score s(xi(φ), θ̂), which is evaluated at the parameters of auxiliary

models estimated on the real data and at the simulated data based on the structural param-

eters φ. G is the Jacobian matrix of the derivative of scores with respect to the structural

parameters. Ω is the weighting matrix.

Based on the above formula, I obtain the consistent estimator as:

(Ĝ
′
Ω̂Ĝ)−1(Ĝ

′
Ω̂Λ̂Ω̂Ĝ)(Ĝ

′
Ω̂Ĝ)−1
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