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Abstract

Many U.S. households have significant wealth late in life, contrary to the predictions of
a simple life-cycle model. By comparison, retirees in Sweden decumulate wealth more
quickly while facing smaller out-of-pocket medical expense risks late in life. In this pa-
per, we investigate how well the latter can account for the former, using a full life-cycle
consumption-saving model. We find that medical expense level and risk account for 32-
59% of the U.S.-Sweden difference in retirees’ speed of wealth decumulation, depending on
age. We also show that financing and coverage of health insurance affect wealth decumula-
tion patterns in retirement.
JEL classification: D14, E21, J26, J14
Keywords: Household finance, Aging, Retirement saving, Health, Cross-country analysis.

1 Introduction

Many U.S. households have significant wealth late in life. A number of papers have addressed
this so-called retirement saving puzzle (RSP). The literature attempts to disentangle which of
a few key reasons are the most important in accounting for the wealth patterns we see in the
data. Key reasons that are studied are bequest motives, precautionary motives, and the role of
high out-of-pocket (OOP) medical expense risk. Relative importance of these and other fac-
tors can vary depending on choices of model and estimation strategy, data sample and coun-
try studied. For example, the life-cycle model that is used in this literature usually starts at
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retirement, which may impact parameter values and insights from the model. Saving behavior
before retirement may matter for dissaving behavior in retirement, and may impact relative
importance of various factors studied.

In this paper, we continue our and others’ research on the role of medical expense risk on
saving in retirement. To do this, we compare saving in retirement in two countries: the U.S. and
Sweden. While in the U.S. wealth profiles in retirement are relatively flat, in Sweden (and other
Northern European countries) retirees’ wealth decumulation is noticeably faster. At the same
time, we document that U.S. retirees face much higher average OOP medical expenses late in
life, as well as higher risk of large medical expenses, than their Swedish and Northern European
counterparts. We aim to shed light on possible links between these two cross-country facts,
and study how much dissaving in retirement is impacted by OOP medical expense risk. In
the process, we also disentangle the role of gross medical expense risk from that of health
insurance coverage.

A cross-country comparison requires acknowledging that institutional differences between the
two countries are not limited to healthcare risk. There are also differences in other institutions
that impact lifetime saving during and, importantly, prior to retirement. To address this point,
in this paper, unlike our previous single-country work, we use a full life-cycle model that cap-
tures key institutional differences between the U.S. and Sweden aside from healthcare risks. By
doing this, we will be able to separately evaluate the influence of gross medical expense risk,
health insurance coverage and financing schemes, and lifetime income risk on saving behav-
ior prior to and after retirement. We estimate the model using U.S. data. Then we introduce
observable features of the Swedish economy to the estimated model, emphasizing those that
contribute to smaller gross medical expense risk and higher health insurance coverage in Swe-
den, to see how the wealth decumulation profile changes.

We emphasize three main findings. First, the model predicts that key institutional character-
istics of the Swedish economy can account for some of the faster decumulation of wealth in
retirement in that country. Specifically, we quantify that the model with salient features of the
Swedish economy can account for up to 25%, 17%, and 82% of the difference in median wealth
decumulation rates between the U.S. and Sweden at ages 75, 85, and 95, respectively. If we
consider mean wealth instead of median, the model can account for even larger fractions of
the differences at different ages.

Second, OOP medical expense risk plays an important role in determining saving behavior in
retirement. A U.S. model calibrated with either Swedish gross medical expense risk profile or
health insurance coverage level can account, at ages 85 and 95, for 32% and 59% respectively
of the difference in median wealth decumulation rates between the two countries. Relatedly,
Swedish health insurance coverage can account for similar shares of the differences, since high
health insurance coverage implies low OOP medical expense risk. We also find that the financ-
ing structure of health insurance has a significant impact on the life-cycle profile of wealth.
When households pay more for health insurance after retirement, which is the case in Sweden,
they bring more wealth into retirement to cover that expense.

Third, using our full life-cycle model, we find that pre-retirement saving decisions, which most
RSP literature abstracts from, significantly impact post-retirement saving profiles. When med-
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ical expense risk is shut down or eliminated in a version of the model that only includes the
post-retirement life cycle, we find that wealth decumulation is accelerated, in agreement with
the literature, because precautionary saving against medical expense risk declines. However,
our benchmark full life-cycle model indicates that this acceleration is exaggerated, because
it does not allow pre-retirement saving behavior to adjust downward in response to antici-
pated lower medical expense risk. In our full life-cycle model, households carry less wealth
into retirement when medical expense risk is shut down, creating a less accelerated wealth de-
cumulation profile in retirement than in the post-retirement model. Older households in a full
life-cycle model still decumulate wealth faster absent medical expense risk, but at a slower rate
than a model isolated to the post-retirement period.

Our work is related to several strands of literature. The first is the literature that provides expla-
nations for the RSP using data on net worth post-retirement. De Nardi et al. (2016b) provides a
recent survey. For example, Hurd (1989) studies the role of bequest motives and finds them to
be small, Hubbard et al. (1995) find that government-provided social insurance should create
a motive to dissave in retirement, Ameriks et al. (2011) study the relative importance of be-
quest motives and public care aversion for the related annuity puzzle, and Palumbo (1999) and
De Nardi et al. (2010) emphasize the role of out-of-pocket medical expense risk in motivating
the elderly to save. Lockwood (2012) considers the low demand for long-term care insurance
as evidence of the relative importance of bequest motives versus precautionary motives. In our
previous work (Nakajima and Telyukova (2017, 2020)), we found that housing plays an impor-
tant role in preventing U.S. households from decumulating wealth late in life, and that options
like reverse mortgages do not result in faster liquidation of housing wealth in retirement. Yogo
(2016) studies risky asset returns or portfolio allocation decision of retirees with health risks.

We note that the single-asset model that we use in this paper to study the entire life cycle does
not allow us to account for relatively illiquid housing assets, which constitute significant port-
folio shares of retirees both in the U.S. and Sweden. Based on Venti and Wise (2004), Blundell
et al. (2016), and our previous work (Nakajima and Telyukova (2017, 2020)), we understand
that housing plays a crucial role in accounting for slow dissaving in retirement. McGee (2019)
is a related paper that studies how shocks to house value affect wealth decumulation. Thus,
we acknowledge that a model without housing cannot capture all of the explanations of retiree
dissaving patterns in retirement. However, for our focus on the cross-country comparison of
the influence of medical and LTC expenses, a single-asset model serves the purpose well, and
allows us to focus on differences in institutional features which are more important in this
context.

The model in this paper is close to that of Kopecky and Koreshkova (2014). They build a full
life-cycle model with income, health, and OOP medical and nursing-home expenses, calibrate
the model to the U.S. economy, and use the model to quantify the size of savings attributed
to OOP healthcare risk. Our paper has two key differences from their work. The first is that
we bring in a cross-country perspective. The second is that our model also includes bequest
motives, and we estimate the model using observed wealth decumulation profiles in the data.
Relatedly, Floden and Lindé (2001) use a full life-cycle model calibrated to the U.S. and Swedish
economies, but their focus is the differences in the pre-retirement earnings risk, and they do
not model health or medical expense risk.
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In addition, we contribute to the body of work that considers cross-country evidence on house-
hold portfolios, particularly among older households. Examples are Nakajima and Telyukova
(2016), a companion paper in which we describe cross-country differences in housing in re-
tirement across 12 countries, and Angelini et al. (2011), who characterize homeownership
throughout the life cycle using the retrospective SHARELife survey. Christelis et al. (2013) char-
acterize differences in the composition of entire household portfolios in a previous wave of the
data that we use, and decompose the reasons for these differences into influences of institu-
tional versus household characteristics. Blundell et al. (2016) compare wealth decumulation
patterns of U.S. and U.K. households.

The rest of the paper is organized as follows. Section 2 presents data on wealth after retirement
for the U.S., Sweden and other Northern European countries. Then we focus on the U.S. and
Sweden, and present differences in medical expense and health risks between the two coun-
tries in Section 3. Section 4 presents our model, and Section 5 brings the model to the data.
We use the model to understand the differences in wealth decumulation between the U.S. and
Sweden in Section 6. In Section 7, we contrast the implications of using just a post-retirement
model for the question of the role of medical expense risks, as compared to our benchmark
full life-cycle model. Section 8 concludes. Appendix A contains additional cross-country data.
Appendix B and C provide details of how to calibrate the health transition dynamics before
and after age 65, respectively. Appendix D presents results of the model with Nordic (average
of five Northern European countries) health transitions. In Appendix E, we show results of an
alternative model without discount factor heterogeneity. Appendix F provides context for the
estimated parameters related to the bequest motive.

2 Data on Wealth after Retirement

We use two household surveys in our analysis. The first is the U.S. Health and Retirement
Study (HRS), which incorporates a large sample from the Asset and Health Dynamics among
the Oldest Old (AHEAD). The second survey is the Survey of Health, Aging, and Retirement
in Europe (SHARE), which covers a cross section of European countries, including Sweden.
Both surveys are biennial and longitudinal: the HRS was started in 1992 and SHARE in 2004.
Because the panel dimension of SHARE was short at the time of analysis, we could not usefully
construct life-cycle analyses of individuals or cohorts from it. Therefore, for easy comparison
across countries, and unlike our previous work with the HRS in Nakajima and Telyukova (2020),
we study the 2006 cross-sectional age profiles of the desired variables.

We use the RAND versions of the surveys. To augment RAND data, we added significant raw
data from SHARE, incorporating it into a data set comparable to that of RAND HRS. A direct
comparison of the data is possible across the variables of interest, upon conversion of curren-
cies into 2000 U.S. dollars using real exchange rates and PPP adjustment. Compared to the
HRS, SHARE has sparse coverage of respondents who are in nursing homes, but in the case of
Sweden, this limitation is likely not crucial, because as we will show, Swedish policy provides
for near-universal coverage of LTC expenses.

SHARE data has lower response rates than HRS. In Sweden, the response rates are about 54%
for first-time respondents in the 2006 wave of the survey, as compared to the HRS response
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rate of 89% for that year. However, first-time response rates documented for Sweden are at or
above average for SHARE countries in its early waves. In addition, retention rates in SHARE
are high for Sweden at 71% in the early waves, and Sweden also has one of the lowest rates
of missing data among responses. As an example, just 0.15% of responses are missing self-
reported health data, and Sweden has among the lowest missing rates for economic variables
like income (6.2%) and main residence (9.6%), as compared to double digits for most other
countries. That is, Sweden has some of the best quality data in SHARE in the 2006 wave.
In addition, SHARE addresses nonresponse with calibrated weights, and missing values with
unfolding-bracket questions, as well as imputation, as appropriate. Finally, to address these is-
sues further, we will present some of Sweden’s data in conjunction with that from other Nordic
countries. These countries have above-average response rates in the initial SHARE country
pool, ranging from 58 to 64%, and similarly have missing data rates far below average for the
founding SHARE countries. See Bergmann et al. (2019), HRS (2017), and Christelis (2011) for
details.

Our samples in both surveys include both single and couple households, which will be mir-
rored in our model. We limit the sample only to those who report being mostly or fully retired,
in order to remove variation in labor supply and labor income. In constructing age profiles,
we stop at age 90. The reason is that unlike HRS, SHARE does not oversample the oldest old,
and it has smaller country sample sizes overall. As a result, samples of the oldest retirees get
too small to construct reliable moments. To smooth noise in the data for other ages, in both
surveys we put households into 5-year centered age bins, so that age 65 is actually a bin of ages
63-67. Thus, each household is categorized into five different age groups, of its actual age as
well as minus/plus two years. The resulting sample sizes in 2006 are 1,663 age-65 retirees in
the HRS and 1,991 at age 69. This increase happens because for age bin 65, those of ages 63
and 64 are predominantly not retired and get dropped out of the data set. In SHARE’s Sweden
sample, there are 369 retirees in age bin 65, and the number increases to 399 at age 69. The
sample sizes at age 89 are 452 for the U.S. and 59 for Sweden. Age-65 retiree samples for other
countries we consider are 282 for Austria, 442 for Germany, 374 for the Netherlands, and 319
for Denmark.

Figure 1 presents age profiles of median net worth normalized by income in the U.S. and Swe-
den, as well as other Northern European countries, including Denmark, Germany, Austria, and
the Netherlands. We normalize wealth by median income of the age-65 group, in order to con-
trol for cross-country income differences. We show additional countries here to highlight the
differences between the U.S. and Sweden, while demonstrating that Sweden is not an out-
lier among the countries of Northern Europe in terms of these differences. We do not include
Southern European countries here because they vary significantly in the amount of public pro-
vision of health and LTC services, while the Northern countries have health insurance policies
comparable to Sweden, as we show in Nakajima and Telyukova (2016).

The graph clearly demonstrates that net worth decumulation among retirees is slower in the
U.S. than in all the sample Northern European countries. The ratio of median net worth at
age 90 to that at age 65 is 52% in the U.S., while it is 21% in Sweden, 12% in Denmark, 10% in
Austria (measured at age 89, due to an outlier at age 90), 3.4% in the Netherlands, and 2.7% in
Germany. This is the key motivating fact of this paper. Our goal is to understand what drives
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Figure 1: Median Net Worth Normalized by Median Income at 65, U.S. and Northern Europe

saving in retirement by studying what factors account for the differences in dissaving patterns
between the U.S. and Northern Europe.

Figure 2 demonstrates that these differences in wealth decumulation patterns are present at
all income levels, shown here in quintiles. While decumulation is the most dramatic for the
highest-income retirees, wealth profiles are clearly flatter in the U.S. than in Sweden in all five
income groups. In addition, this figure shows that wealth dispersion is higher in the U.S. than
in Sweden.

As emphasized by De Nardi et al. (2010), data on wealth holding shown in this section are
affected by survivor bias; if households with higher wealth tend to live longer, mean or median
wealth profile is pushed up because of the change in the composition of survivors with age. As
we discuss in the next section, Swedish individuals tend to live longer, which might indicate
that survivor bias is weaker in the Swedish wealth profiles. Moreover, Figure 2 indicates that
wealth dispersion in Sweden is smaller, which also weakens survivor bias in the Swedish data.
Therefore, the stark contrast between the U.S. and Sweden shown in Figures 1 and 2 might be
exaggerated. However, as in the experiments of De Nardi et al. (2010), we incorporate survivor
bias into our model, and thus it is not an issue when the model outputs are compared with
the data. It is also important to note that when households tend to live longer, as with Swedes,
wealth decumulation slows down, which counteracts standard survivor bias. We discuss the
effects of higher longevity on wealth decumulation in Section 6.2.

3 Medical and Long-Term Care Expenses and Health

Unlike in the U.S., medical care across Europe is often insured by some combination of government-
provided and mandatory private insurance (Allin et al. (2005)), with generous coverage, result-
ing in low OOP spending on health care for households of any age. According to Mossialos et
al. (2016), Sweden’s tax-based universal healthcare system is compulsory for the entire popula-
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Figure 2: Net Worth Profiles by Income Quintile

tion, and it covers all expenses, with stringent mandated caps on OOP expenses. Participation
in additional private insurance is voluntary. It accounts for less than 1% of all health care ex-
penditure in the country and is associated mainly with occupational health services. In 2015,
approximately 10% of Swedish working adults ages 15-74 had purchased private coverage. In
contrast, in 2013 about 66% of U.S. residents received private health insurance, according to
the same source. Public insurance in the U.S. is most prevalent in retirement and is provided
by Medicare, with Medicaid available as a supplement for the poorest households. Medicare
benefits are extensive but also rationed, and as we will show below, result in significant OOP
expenses.1

As has been pointed out before by, for example, Brown and Finkelstein (2011), there is a lot
more variation in Europe in long-term-care coverage. Sweden is among the countries that have
the most comprehensive public coverage of LTC (OECD (2005)). Coverage is universal, i.e.
not means-tested, and provides benefits for both home and institutional care. Services are
provided by municipalities and regulated by federal law. According to Fukushima et al. (2010),
users pay moderate monthly fees that are capped by the government. In 2007, the annual cap
on LTC fees was SEK 19,344 (i.e., approximately $2,900) and this cap is further adjusted for
income. For example, in 2006, 19% of home care recipients received the entire service for free.
As a policy, Sweden has emphasized aging in place since the early 1990s, although providing
more institutional care has been in discussion in more recent years. Municipalities can choose
to provide institutional and home care by purchasing from public or private providers, but by
law the local authorities retain the ultimate responsibility for supplying and maintaining all
the care services as well as the level of care. Less than 5% of the total cost of LTC was financed
privately in 2007, with the rest financed publicly.

In contrast, U.S. long-term care is covered by Medicare and private plans, and by Medicaid for
the poorest, but access to benefits leaves room for significant OOP spending for many house-
holds. For example, under Medicare, home nursing care is initially free of charge, but skilled
nursing care is only covered up to 20 days; for nursing home stays or skilled nursing care be-

1 See De Nardi et al. (2016a) for detailed information about Medicaid.
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tween 20 and 100 days, a patient is charged $105 per day, and above 100 days, the user pays
100% of the cost. Medicaid is means-tested and requires a co-pay based on the financial status
of the recipient. As one expression of differences in the system, in Sweden in 2000 about 7%
of the elderly were using nursing home care, and an additional 9% employed in-home nursing
care. Compare this to 4.3% of the elderly using institutional care and 2.8% using home care in
the U.S. at the same point in time.

In both the HRS and SHARE, we observe OOP medical and LTC expenses directly. These in-
clude OOP expenses on prescription drugs, doctor visits, hospital stays and nursing homes.
The HRS is more thorough in measuring these expenses as it has a more detailed set of ques-
tions for residents of nursing homes. While SHARE does not provide the same coverage for
this population, in Sweden this is not a significant handicap, since very little of the cost of care
comes out of pocket.

We first document OOP medical and LTC expenses in the U.S. and Sweden in Section 3.1. We
then compare transition probabilities of health in the two countries in Section 3.2. Health sta-
tus is informative, since it directly affects the distribution of OOP medical and LTC expenses.
Since health is self-reported and the transition dynamics are somewhat different between the
two countries, we treat the transition probabilities of health status as linked to OOP medical
and LTC expense uncertainty. In other words, the main model experiment will be to change
OOP medical and LTC expense risk, including health transition probabilities, from U.S. to
Swedish calibration, and investigate how wealth decumulation patterns are affected.

Note that age profiles of medical expenses presented here go back to age 55, unlike the wealth
age profiles shown previously. The reason is that we will study the differences between the two
countries from the perspective of the entire life-cycle, as discussed above. Since measurements
of OOP medical expenses will be required as a calibration input of the model, and since the
HRS and SHARE both begin at about age 50-55, we capture the entire available profile here.

3.1 Measuring Medical Expense Risk

To measure OOP medical expenses and the extent of uncertainty in these expenses in the two
countries, we estimate the distribution of log-OOP medical expenditures in the data by age,
health, income quintile, and household size (single or couple). The mean, standard deviation,
and probability of zero expenses are estimated as quintiles in age and include interaction terms
between age and the other three variables. Under the assumption of log-normality, we then
compute expected OOP medical expenses for different groups of retirees.

We show two dimensions of the data. Figure 3 shows expected OOP medical and LTC ex-
penses and standard deviations for a single person of median income by health status in the
U.S.2 Comparing expected OOP medical expenses for the U.S. (Figure 3(a)) and Sweden (Fig-
ure 3(b)), people in both countries who are in the worst health pay the most, as we would
expect. However, the orders of magnitude of these expenses are markedly different at all ages.
For example, at age 90, a person of median income in poor health might expect to spend about
$12,000 in the U.S. in OOP medical expenses, measured in 2000 US dollars. A similar per-

2 Health status is self-reported, but the choices given to respondents to describe health status are harmonized
between the HRS and the SHARE; more details are in Section 3.2.
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Figure 3: OOP Medical Expenses, Middle-Income Singles by Age and Health.

son in Sweden would spend, on average, just over one-tenth of that.3 Panels (c) and (d) of
Figure 3 present the log-standard deviation of medical expenses for the U.S. and Sweden for
single households in the middle-income quintile by health. Conditional standard deviation
of medical expenses, which shows the magnitude of uncertainty that retirees face in the two
countries, is lower in Sweden than in the U.S. for all health categories. In sum, these measure-
ments imply that both average medical expenses and the medical expense risks are markedly
lower in Sweden, especially in the later part of life.

After discretizing the log-normal OOP medical expense shocks, the implications are that a sin-
gle individual of age 91 in the U.S., with median income and in poor health, has a 5.4% chance
of spending $109,001 and a 0.6% chance of spending $528,188 out of pocket per two years, in
2000 U.S. dollars. A similar individual at age 95 has a 5.2% chance of spending $154,224 and
a 0.5% chance of spending $795,443, while a high-income 91-year-old has a 5.7% chance of

3 We cannot reliably measure expenses for persons above age 90 in Sweden because of small sample sizes, and
this may raise concerns that we are underestimating expenses for the oldest old. While this is a concern, uni-
versal coverage of both health care and long-term care in Sweden is a strong form of insurance, and we rely on
that information to assume that there is no hidden spike in expenses past age 90. In fact, in our data we find a
reduction in OOP medical expenses past age 90.
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 0

 0.5

 1

 1.5

 2

 2.5

 55  65  75  85  95

S
ta

nd
ar

d 
de

vi
at

io
n

Age

Standard deviation of log annual OOP medical expenses (Lowest income bin)
Standard deviation of log annual OOP medical expenses (Middle income bin)
Standard deviation of log annual OOP medical expenses (Highest income bin)

(c) Log S.D. of OOP medical expenses, U.S.

 0

 0.5

 1

 1.5

 2

 2.5

 55  65  75  85  95

S
ta

nd
ar

d 
de

vi
at

io
n

Age

Standard deviation of log annual OOP medical expenses (Lowest income bin)
Standard deviation of log annual OOP medical expenses (Middle income bin)
Standard deviation of log annual OOP medical expenses (Highest income bin)

(d) Log S.D. of OOP medical expenses, Sweden

Figure 4: OOP Medical Expenses, Middle-Income Singles by Age and Income.

spending $168,676 and a 0.6% chance of spending $1,041,535 in two years. These extreme tail
risks are in line with the findings in Ameriks et al. (2011) in the U.S. data. Log-normal distribu-
tion captures the tail of medical expenses well. Compared with the significant tail risk of U.S.
OOP medical expenses, Swedish tail risk is not as severe. For example, a single individual of
age 91 with median income and poor health has a 5.6% chance of spending just $4,005 and a
0.6% chance of spending $9,587. An otherwise similar 95-year-old has a 5.5% chance of spend-
ing $5,158 and a 0.6% chance of spending $12,878. An age-91 individual with high income and
poor health has a 5.6% chance of spending $5,299 and a 0.6% chance of spending $13,634. In
sum, in Sweden OOP expenses are lower on average, while dispersion across income groups is
smaller and does not go up with age nearly as much as in the U.S.

Panels (a) and (b) of Figure 4 presents expected OOP medical and LTC expenses for singles
of good health by income quintile, for both countries. The conclusions are consistent with
those just presented. First, the degree of inequality in medical OOP spending is markedly dif-
ferent in the two countries. In Sweden, with universal non-means-tested public coverage of
both health care and LTC, everyone pays roughly similar amounts out of pocket, regardless of
income. Even at age 90, the distribution ranges between $700 and $1,200. This is consistent
with the evidence presented in Mossialos et al. (2016), who show, for example, annual OOP
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spending caps in Sweden of $123 for doctors’ visits and $246 for prescription drugs in 2015. In
the U.S., inequality in spending is much higher, with the highest quintile at age 90 spending
on average about $5,000 more than the next quintile down, at about $15,000, and that differ-
ence is exacerbated later in life. Second, total mean spending in Sweden is about one-tenth
of what it is in the U.S. Panels (c) and (d) compare standard deviations of log-OOP medical
and LTC expenses in both countries. The level is significantly higher in the U.S. for all income
groups. Standard deviation is more or less flat in age both countries, except for high-income
individuals in the U.S., whose standard deviation increases as they get older.

3.2 Health Status and Mortality Risk

In both the HRS and SHARE, households are asked to self-report their health status. For the
post-retirement part of the model, we estimate age-dependent probabilities of health change
in both countries using the HRS and SHARE. We group health into three categories: (1) excel-
lent, (2) good/average, and (3) poor. We also add (0) death, so the resulting transition matrix
incorporates both health transition and mortality probabilities. We condition health transi-
tion probabilities on income by computing them separately for each of the five income bins.4

For the U.S. (HRS), we take any pair of consecutive survey waves (1996-1998, 1998-2000, 2000-
2002, etc.) and assuming stationarity, pool them together to create two pooled consecutive
waves. For Sweden (SHARE), we use 2004-2006 consecutive waves. Since the number of ob-
servations is not large for Sweden, especially when we compute health transition probabilities
conditional on age, current health and income, we employ the following two procedures. First,
we define wider overlapping ranges to define income groups. Second, we use a linear regres-
sion to smooth health transition probabilities with respect to age. The second procedure is
useful particularly for older age groups because we have fewer observations for older individ-
uals in the Swedish sample. Details are in Appendix C. Table 1 presents the resulting probabil-
ities for the U.S. and Sweden for three selected age groups (65, 75, 85) of median income, as
well as for age 75 of highest and lowest income bins.

Table 1 shows that health transition probabilities in both countries share logical properties.
First, probability of death increases in age and is higher the worse the respondent’s health.
Mortality rate is generally lower for Sweden, which is consistent with the fact that Swedish in-
dividuals have a longer life expectancy. According to the latest data by OECD, life expectancy
at birth is 82.6 years in Sweden and 78.7 years in the U.S.5 Second, health deteriorates with age
and is less persistent with age, owing to an increasing probability of death with age. For ex-
ample, the probability that an individual with excellent health retains it 2 years after decreases
from 71.4% at age 65 to 47.8% at age 85 in the U.S., and from 72.9% at age 65 to 30.7% at age 85
for Sweden. Third, higher-income individuals have lower mortality rates and are more likely
to stay in good or excellent health. For example, the probability that an age-75 individual with
excellent health retains it two years later is 64.7% for the high-income group, and 58.2% for the
low-income group in the U.S. The respective probabilities are 54.7% and 42.0% in Sweden.

Figure 5 compares the resulting life-cycle dynamics of health distributions in the two coun-

4 Using the HRS, Pijoan-Mas and Rı́os-Rull (2014) find that longevity of U.S. individuals is significantly affected
by their socioeconomic background, particularly education.

5 https://data.oecd.org/healthstat/life-expectancy-at-birth.htm.
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Table 1: Health Status Transition, Selected Age and Income Groups (Percent)

U.S. Sweden
Age 65, Median income Age 65, Median Income

Dead Excellent Good Poor Dead Excellent Good Poor
Excellent 1.1 71.4 22.3 5.2 Excellent 0.0 72.9 27.1 0.0
Good 1.7 25.5 54.2 18.6 Good 0.0 13.8 41.3 44.9
Poor 9.7 5.3 19.0 65.9 Poor 7.0 4.8 12.2 76.0
Age 75, Median Income Age 75, Median Income

Dead Excellent Good Poor Dead Excellent Good Poor
Excellent 3.0 60.3 25.7 11.1 Excellent 4.0 52.7 20.9 22.5
Good 7.7 23.4 41.3 27.6 Good 5.7 14.0 37.7 42.6
Poor 19.7 4.4 18.3 57.6 Poor 12.9 4.2 10.5 72.4
Age 85, Median Income Age 85, Median Income

Dead Excellent Good Poor Dead Excellent Good Poor
Excellent 11.0 47.8 25.9 15.3 Excellent 7.4 30.7 13.9 48.0
Good 11.6 17.3 39.1 32.0 Good 23.1 12.6 29.3 35.0
Poor 29.5 3.9 15.3 51.4 Poor 18.8 3.6 8.7 68.8
Age 75, Low Income Age 75, Low Income

Dead Excellent Good Poor Dead Excellent Good Poor
Excellent 3.7 58.2 27.1 11.0 Excellent 3.6 42.0 27.9 26.4
Good 6.8 21.3 46.9 25.0 Good 7.0 17.1 32.7 43.3
Poor 12.5 4.4 16.7 66.4 Poor 16.8 8.1 12.3 62.8
Age 75, High Income Age 75, High Income

Dead Excellent Good Poor Dead Excellent Good Poor
Excellent 4.4 64.7 26.7 4.2 Excellent 3.5 57.4 26.1 13.1
Good 6.3 16.6 52.3 24.8 Good 3.4 11.7 49.8 35.1
Poor 15.0 4.3 19.2 61.5 Poor 11.2 2.5 5.2 81.1

Note: Individuals are grouped into five equal income bins with low income = bin 1, median income = bin 3,
and high income = bin 5. Sources: HRS 1996-2006, SHARE 2004-2006.

tries. Note that while we directly estimate the post-retirement health transition matrix, we
cannot do the same prior to retirement. For the pre-retirement years, we parameterize the
health transition matrix and calibrate it such that the joint distribution of income and health
matches what we observe at age 65 in the HRS (the U.S.) and SHARE (Sweden). More details are
in Section 5.1 and Appendix B. In panels 5(a) and (b), the proportion of individuals with excel-
lent, good, and poor health is shown for the U.S. and Sweden, respectively. Both figures show
that distribution of health deteriorates with age, shifting towards poor health, especially after
retirement. One notable difference between the two countries is that the shift to poor health
for older individuals is more pronounced in Sweden. This is interesting because Sweden has
longer life expectancy than the U.S. Since health status is self-reported, one interpretation is
that Swedes are more pessimistic than Americans about their health. Panels 5(c) and (d) com-
pare the “health index” for three income groups over the life cycle in both countries. The health
index ranges between 0 and 1, and summarizes average health status for a given group of in-
dividuals. Specifically, we assign the value 1, 2/3, 1/3, 0, to individuals in excellent, good, and
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(c) Health Index by Income: U.S.
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(d) Health Index by Income: Sweden

Figure 5: Comparison of Health Dynamics: U.S. and Sweden

poor health and dead individuals, respectively, and compute the average value within a group.
We can see that average health deteriorates with age for all income groups in both countries,
and that high-income groups tend to have a higher health index over the life-cycle. A com-
parison between panels 5(c) and (d) indicates that dispersion of self-reported health across
different income groups is smaller in Sweden compared with the U.S., since high-income in-
dividuals are more pessimistic about their health in Sweden than in the U.S.

We validate our survey-based health transition probabilities using population mortality rates
for each country. For the U.S., our computed health transition probabilities imply a mortal-
ity rate of 1.7% at age 65, with the data counterpart of 1.5% based on U.S. life tables averaged
between 1997 and 2006 (Anderson (1999), Arias (2010)). For other ages, the HRS-implied mor-
tality rates and the corresponding data numbers are 2.4% (2.3% in the data) at age 70, 4.4%
(3.6%) at age 75, 8.5% (5.8%) at age 80, 10.4% (9.4%) at 85, and 16.2% (14.8%) at 90. Another
way to validate our health transition probabilities is to compare life expectancy. Our estimated
health transition probabilities imply that the average life expectancy at age 65 is 82.5 years.
According to the OECD, the average life expectancy at age 65 was 83.6 years in 2006. It is not
surprising that our model implies a slightly lower life expectancy, since we use cross-sectional
data to estimate health transition probabilities. For Sweden, mortality rates implied by our
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health transitions based on SHARE and their data counterparts are 1.2% (1.2% in the data) at
age 67, 3.1% (2%) at age 72, 6.4% (3.5%) at age 77, 9.9% (6.7%) at age 82, and 13.4% (12.2%) at
age 87 (Lundström (2010)). The larger discrepancy is due to the smaller sample size for Swedish
data, but comparison of life expectancy at age 65 indicates that our health transition probabili-
ties are on average consistent with the OECD data. Our Swedish health transition probabilities
imply average life expectancy of 82.6 years at age 65 in 2006, which is slightly lower than the
OECD estimate of 84.3 years. Note that we do not condition health transitions on gender, since
we do not model gender for tractability purposes. However, since we use respondent weights
in the data, our calibration reflects the appropriate gender mix of the average pools of couple
and single households at each age.

4 Model

Our model combines the standard single-asset model of life after retirement (De Nardi et al.
(2010)), in which health and medical expense shocks are the primary focus, with a canonical
full life-cycle model (e.g., Gourinchas and Parker (2002)) where the primary pre-retirement
source of uncertainty is shocks to earnings. Kopecky and Koreshkova (2014) build a model
with a similar approach, for the U.S. economy. Floden and Lindé (2001) use a life-cycle model
for comparison between the U.S. and Sweden, but without health and medical expense shocks
after retirement.

In our model economy, there is a unit mass of households. Each household is characterized
by (i, b, p,m, x, a), where i is age, b is a permanent shock to labor and pension income, p is a
persistent shock to labor income, m is health status, x is a medical expense shock, and a is
savings, which is the only endogenous state variable. We characterize the problem of a house-
hold recursively. Moreover, for simplicity and to reduce computational time, we assume that
working households (i < IR) do not face a medical expenditure shock (x) or mortality risk. In-
stead, medical expenses before retirement depend only on age i, permanent income shock b
and health status m. On the flipside, retired households (i ≥ IR) are not affected by persistent
income shocks p.

The problem of a working household is characterized as follows:

V (i, b, p,m, 0, a) = max
a′≥0

{
u(c/ξi) + βb

∑
p′

∑
m′

πpp,p′π
m
i,b,m,m′V (i+ 1, b, p′,m′, 0, a′)

}
(1)

s.t. c̃+ a′ + (1− φh)xi,b,m = yibp(1− τw − τh − τ g) + (1 + r)a (2)

c = 1a′=0 max{ξic, c̃}+ 1a′>0c̃ (3)

Equation (1) is the Bellman equation. u(.) is the period utility function. Consumption c is di-
vided by an age-dependent consumption equivalence scale factor ξi to control for changes in
effective household size over the life cycle. βb is the discount factor, which depends on the
permanent income shock b.6 Equation (2) is the budget constraint. c̃ is period consumption

6 Appendix E presents an alternative model without β heterogeneity.



15 NAKAJIMA AND TELYUKOVA U.S. AND SWEDEN

expenditure, denoted by a tilde because actual consumption c might be higher than c̃ due to
the consumption floor, as explained below. a′ is savings carried over to the next period. xi,b,m
is gross medical expense, which depends only on age i, current income shock b and health
status m.7 φh is the health insurance coverage ratio, so (1− φh)xi,b,m is period OOP medical ex-
pense. yi captures a deterministic life-cycle component of earnings, b is a permanent shock to
income and p is a persistent shock. τw is the payroll tax rate used to finance health insurance
for working households in the U.S. model. τh is a second payroll tax rate, used to finance health
insurance for retirees. This is intended to capture U.S. Medicare tax. τ g is the general income
tax rate, applied to all households. For the U.S. model, τ g is used to balance the budget for re-
tiree health insurance. For the Swedish model, this is the only tax to finance health insurance
for all (both working and retired) households. r is the interest rate. Equation (3) represents a
consumption floor guaranteed by the government. It is available only when a household ex-
hausts all their savings (a′ = 0) and cannot achieve the minimum consumption level, adjusted
by the effective household size ξic. This is meant to capture Medicaid and benefits from other
social insurance programs.

After retirement (i ≥ IR), there is no longer a persistent shock to income p. Instead, households
face a medical expense shock x and mortality risk, which is modeled as part of the shock to
health status m. Dispersion of pension income is captured by the permanent shock to income
b. The optimization problem of a retired household is:

V (i, b, 0,m, x, a) =

max
a′≥0

{
u(c/ξi) + βb

∑
m′>0

∑
x′

πmi,b,m,m′π
x
i+1,b,m′,x′V (i+ 1, b, 0,m′, x′, a′) + βbπ

m
i,b,m,0v(a′)

}
(4)

s.t. c̃+ a′ + (1− φh)x = yib(1− τ g)− ψiχh + (1 + r)a (5)

and Equation (3). v(.) is warm-glow bequest utility, as in De Nardi et al. (2010). x is gross
medical expense for the period. As the fraction φh of medical expenses is covered by public
health insurance, (1 − φh)x is out-of-pocket medical expense, which is observed in HRS and
SHARE. yi is average pension income at age-i. b is the permanent shock to income, which
captures dispersion of pension income. τ g is again the general income tax rate. χh is the health
insurance premium per person (Medicare premium in the case of the U.S.). ψi represents the
average number of adults covered by health insurance in an age-i household.

Both for the U.S. and Sweden, health insurance coverage is characterized by one parameter
φh. We assume φh is the same for all households, working and retired, but is different between
the U.S. and Sweden. Financing of health insurance is modeled differently for the U.S. and
Sweden. For the U.S., we assume that health insurance for workers is different from that for
retirees. Health insurance for retirees is intended to mimic Medicare, while for workers we
assume a parsimonious health insurance scheme. Specifically, the following two government

7 In the last period of working life (i = IR−1), the household draws a medical expense shock x for the first period
in retirement, but we omit it for brevity.
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budget constraints have to hold in the U.S. model:∫
1i<IRyibpτ

wdµ =

∫
1i<IRφ

hxi,b,mdµ (6)∫
1i<IRyibp(τ

h + τ g)dµ+

∫
1i≥IR(yibτ

g + ψiχ
h)dµ =

∫
1i≥IRφ

hxdµ (7)

where Equation (6) is the budget constraint for the health insurance program for working
households, and Equation (7) is the parallel for retirees. 1 is an indicator function and µ is the
type distribution of households. In Equation (6), the left-hand side captures income from the
payroll tax (tax rate of τw) levied on working households (i < IR), while the right-hand side cap-
tures health insurance coverage (coverage ratio of φh) for working households. In estimation,
φh will be taken from data, and τw will be adjusted to balance the budget. In Equation (7), the
first term captures working households paying both the Medicare tax (at rate τh) and the gen-
eral income tax (τ g), while the second term captures retirees contributing through the general
income tax (τ g) and a Medicare premium (χh per adult). The right-hand side captures health
insurance coverage for retirees. General income tax rate τ g adjusts to balance the budget.

For Sweden, the following single government budget constraint captures universal health in-
surance, which covers both working and retired households:∫

1i<IRyibpτ
gdµ+

∫
1i≥IRyibτ

gdµ =

∫
1i<IRφ

hxi,b,mdµ+

∫
1i≥IRφ

hxdµ (8)

The two terms on the left-hand side capture the general income tax (at rate τ g) levied on work-
ing and retired households, respectively, while the two terms on the right hand side capture
health insurance coverage for workers and retirees, respectively. General income tax rate τ g

adjusts to satisfy the budget balance.

5 Taking the Model to Data

Our calibration proceeds in two stages, as in Gourinchas and Parker (2002) and De Nardi et
al. (2010): in the first stage (Section 5.1), we calibrate the parameters that are directly observ-
able in the data; this includes medical expense shocks and health transition matrices that we
described above. In the second stage (Section 5.2), we estimate the remaining parameters
to match the empirical profiles of wealth and Medicaid take-up in the U.S., using simulated
method of moments (SMM). All dollar amounts are normalized to 2000 dollars.

5.1 First Stage

Since both HRS and SHARE are biennial surveys, most variables are measured at that fre-
quency, so we choose the model period to be 2 years. Households are born at age 21, start
their retirement period at age 65, and live stochastically up to age 99; if they survive up to age
99, they die with certainty after the end of the period.

5.1.1 Income

There are three components that characterize income: average life-cycle income profile yi,
permanent shock to income b, and persistent shock to income p. For yi before retirement, we
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Table 2: Full Life-Cycle Model Calibration1

U.S. Sweden Description
β 0.9672 Same Jointly estimated using the U.S. data.
σβ 0.0140 Same Jointly estimated using the U.S. data.
σ 3.8505 Same Jointly estimated using the U.S. data.
ξi Fig 6(d) Same Constructed using CPS (U.S.).
γ 5.1554 Same Jointly estimated using the U.S. data.
ζ 8,844 Same Jointly estimated using the U.S. data.
b Tab 3 Tab 3 Computed from HRS (U.S.) and SHARE (Sweden).
ψi Fig 6(b) Fig 6(b) Calculated using HRS (U.S.) and SHARE (Sweden).
yi Fig 6(a) Fig 6(a) U.S.: Gourinchas and Parker (2002). Sweden: Domeij and Klein (2002).
ρp 0.9280 0.9280 Domeij and Klein (2002).
σ2
p 0.0651 0.0498 Domeij and Klein (2002) and Floden and Lindé (2001).
r 0.0200 0.0200 Annual interest rate.
c 5,650 Same Jointly estimated using the U.S. data.
πm Text Text Estimated using HRS (U.S.) and SHARE (Sweden).
πx Text Text Estimated using HRS (U.S.) and SHARE (Sweden).
φh 0.7256 0.9351 U.S.: Backed up from gross medical expenses of Medicare.
τh 0.0290 – U.S.: Medicare tax rate. Sweden: Zero.
τw 0.0758 – U.S.: Used to finance health insurance for workers. Sweden: Zero.
τ g 0.0160 0.0837 Balances budget for health insurance program.
χh 2,280 – U.S.: Medicare premium per individual. Sweden: Zero.
1 All parameters are annualized.

Table 3: Calibration: Pension Income Bins

1 2 3 4 5
U.S. 7,699 13,854 20,102 29,622 50,838
Sweden 7,397 10,504 12,427 16,257 26,018

Note: Annualized after-tax income. 2000 PPP-adjusted U.S. dollars.
Sources: HRS 2006 and SHARE 2006.

take the average life-cycle profile of income from Gourinchas and Parker (2002) for the U.S.
and from Domeij and Klein (2002) for Sweden. These average income profiles are shown in
Figure 6(a).

yi after retirement is composed of two elements: average per-adult pension income yR, and
average number of age-i adults ψi. yR is obtained using net pension replacement rates for each
country.8 According to OECD, net pension replacement rate is 51% in the U.S. and slightly

8 Net pension replacement rate is defined as individual net mandatory public and private pension entitlement
divided by net pre-retirement earnings.
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Figure 6: Full Life-Cycle Model: Model Inputs

more generous at 56% in Sweden.9 The levels of yR for both countries are shown in Figure 6(a)
as well. We also adjust pension income for different ages using ψi, which is constructed sim-
ilarly to ξi. In the HRS, we measure that pension income of two-adult households is on av-
erage 1.48 times higher than that of one-adult households in the U.S. Therefore, we compute
ψi as a weighted average of 1 for one-adult household and 1.48 for two-adult household using
distribution of 1-adult and 2-adult households for each age i as the age-dependent weights.
Figure 6(b) shows the resulting ψi profiles for the U.S and for Sweden. ψi for Sweden is higher
because pension income of two-adult households in Sweden is 2.42 times single income, ac-
cording to SHARE.

In regard to income shocks, we assume that the dispersion of pension income that we observe
in HRS and SHARE for the two countries represents permanent differences b, while p only mat-
ters for working households. To calibrate permanent differences in pension income, we follow

9 These replacement rates imply that Swedish households receive a higher amount of pension income than
U.S. households in retirement. Since households carry less wealth into retirement when they receive a higher
amount of pension income, this difference partially contributes to the U.S.-Swedish differences in wealth de-
cumulation pattern. Since our focus is on differences in medical expense risks and health insurance schemes
between the two countries, we do not explore further the implications of differences in the pension system.
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De Nardi et al. (2010) and assume five permanent income groups with equal measures for re-
tirees at age 65, which creates a five-point distribution of b at that age. The values of b (before
normalization) for the U.S. and Sweden, based on HRS and SHARE, are in Table 3, which shows
that the dispersion of pension income is smaller in Sweden.

Labor income shocks prior to retirement p are constructed by discretizing an AR(1) process
with persistence ρp and variance of innovations σ2

p. For Sweden, we use the estimates of Domeij
and Klein (2002) and set ρp = 0.928 and σ2

p = 0.0498. In order to capture higher earnings
risk in the U.S. relative to Sweden, we use relative variances of earnings shocks reported by
Floden and Lindé (2001). Specifically, they estimate that variances of innovations to an AR(1)
process in hourly wages in the U.S is about 30% higher than in Sweden.10 Considering that
the persistence parameter is typically estimated between 0.9 and 1.0 for the U.S., we assume
that ρp is the same for the U.S. and Sweden, and set σ2

p = 0.0651, which is 30% higher than the
value for Sweden. Figure 6(c) shows the implied cross-sectional variance of income over the
life cycle for the U.S. and Sweden. This cross-sectional variance consists of both permanent
income differences b and persistent income shocks p. We assume p = 1 for all households at
birth.

In order to construct the age-dependent consumption equivalence scale ξi, we first compute
average household size for each age i using CPS (Current Population Survey) in 2006 for the
U.S.11 Then we convert the average household size profile into a family-equivalent scale, using
the numbers reported by Fernández-Villaverde and Krueger (2007).12 Figure 6(d) shows the
resulting ξi. It exhibits a hump shape as there are more single households among the young,
people get married and/or have children in middle age, and household size declines among
the old as children move out and/or spouses die. We set the saving interest rate r at 2% per
year.

5.1.2 Health

Health transition probabilities for age 65 and above πmi,b,m,m′ are estimated using various waves
of HRS for the U.S. and SHARE for Sweden. For the U.S., we use transition probabilities that
we estimated in our previous work (Nakajima and Telyukova (2020)). For Sweden, we apply a
similar procedure, but make additional adjustments to deal with the issue of having only one
two-year longitudinal dimension and having smaller samples. The resulting health transition
probabilities for age 65 and above are shown in Table 1 in section 3.2. In order to check ro-
bustness of our obtained health transition probabilities for Sweden, we also construct health
transition probabilities of four similar countries (see Nakajima and Telyukova (2016)), includ-
ing Austria, Germany, Norway, and the Netherlands, and construct the average (four countries
plus Sweden) health transition probabilities, which we call the Nordic health shock. This will
be useful to demonstrate that the calibration and results are not impacted by the relatively
small sample sizes in SHARE for Sweden. Further details on πmi,b,m,m′ and the Nordic health

10 They estimate, using hourly wage data, that ρp = 0.9136 and σ2
p = 0.0426 for the U.S. and ρp = 0.8139 and

σ2
p = 0.0326 for Sweden.

11 Since the data are available for 5-year age groups, we use third-order polynomials to smooth out the profile.
12 According the Fernández-Villaverde and Krueger (2007), family-equivalence scale is 1, 1.34, 1.65, and 1.97, for

household size of 1 (normalization), 2, 3, and 4.
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Table 4: Joint Distribution of Income And Health at Age 65

U.S., Data U.S., Model Sweden, Data Sweden, Model
Overall
1 (excellent) 0.442 0.442 0.375 0.375
2 (good) 0.326 0.326 0.331 0.331
3 (poor) 0.232 0.232 0.294 0.294
Income Bin 1 (Bottom)
1 (excellent) 0.262 0.262 0.313 0.313
2 (good) 0.332 0.326 0.302 0.302
3 (poor) 0.406 0.406 0.385 0.385
Income Bin 3 (Middle)
1 (excellent) 0.463 0.463 0.349 0.349
2 (good) 0.351 0.351 0.363 0.363
3 (poor) 0.186 0.186 0.288 0.288
Income Bin 5 (Top)
1 (excellent) 0.532 0.532 0.503 0.503
2 (good) 0.319 0.319 0.199 0.199
3 (poor) 0.150 0.150 0.298 0.298

Sources: Data are from HRS 2006 (U.S.) and SHARE 2006 (Sweden). Numbers for the model
are based on the simulations by the authors.

shock are found in Appendices C and D, respectively.

For health transition probabilities between ages 21 and 65, we pose parsimonious parametric
assumptions, and estimate the parameters so that the resulting joint distributions of income
and health at age 65 generated by the model are close to what we observe in HRS and SHARE.
As emphasized by De Nardi et al. (2010) and Nakajima and Telyukova (2020), there is a strong
correlation in the joint distribution between income and health status at age 65. In a model of
retirement that starts from age 65, as is typical in the retirement saving literature, this correla-
tion is readily incorporated since the initial type distribution can be directly taken from data.
However, given that we model the entire life cycle, the joint distribution of income and health
at age 65 becomes endogenous, and the calibration of health transition probabilities before
age 65 must result in the correct distribution at retirement.

Table 4 compares the joint distributions generated by the model and in the data for the U.S.
and Sweden. The upper panel compares the overall distribution of health at age 65, while the
lower panel shows the distribution of health among the highest, middle, and lowest income
quintiles, to highlight the correlation between income and health at age 65. First, note that the
model perfectly replicates the distribution of health in the data at age 65, for both the U.S. and
Sweden. This is because we have two parameters characterizing health transition probabilities
for each income group to match the health distribution of the same income group at age 65,
which is characterized by two numbers.13 Second, comparison across different income groups

13 There are four health statuses — excellent, good, poor, and dead — but we assume that mortality rate is zero
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reveals that individuals in higher income groups are healthier in both the U.S. and Sweden.
Third, the correlation between income and health is stronger in the U.S. than Sweden. The
details of our procedure as well as more detailed comparison between the model outputs and
the data are found in Appendix B.

5.1.3 Medical Expense Risk

The distribution of OOP medical and long-term care (LTC) expense risk πxi,b,m,x for age 65 and
above is constructed using various waves of HRS and SHARE, as described in Section 3.1. In
order to calibrate medical expenditures xi,b,m prior to age 65, we first use HRS and SHARE data
for ages 51-63, since both surveys begin at about age 50 and contain significant samples for the
earlier ages. For ages 21-49, we use the numbers computed for age 51. Since medical expenses
increase with age in general, this overestimates medical expenses before age 51, but since the
level of medical expenses at age 51 is low compared with older individuals, and we assume no
risk to medical expenses before age 65, we believe this to be a reasonable approximation.

5.1.4 Health Insurance

In order to parameterize U.S. health insurance, we first need to back up gross medical expenses
from the OOP medical expenses, only the latter of which are observed in HRS. We compute the
implied health insurance coverage ratio as the ratio of average OOP medical expenses to aver-
age gross medical expense per Medicare participant. We estimate the denominator at $10,558
in 2000.14 The average OOP medical expenditure implied by the calibrated medical expendi-
ture shocks is $2,898 per year. This gives the average health insurance coverage ratio of 72.6%.
We assume that the same coverage ratio is applied to all individuals, which means φh = 0.726,
and back up the gross medical expenses from the OOP medical expenses.

Now we are ready to pin down the parameters for the financing side of U.S. health insurance.
For retirees in the U.S., τh is set at 2.9%, which is the Medicare tax rate. χh is computed based
on the average Medicare premium, which is $95 per month ($2,280 per two years).15 With the
calibrated expenditure side of health insurance for retirees, we use the budget constraint (7) to
pin down τ g = 1.60%. Similarly, for working households, Equation (6) implies τw = 7.58%.

Calibration of the financing side of Swedish health insurance is different, since Sweden offers
universal health insurance, which is represented by Equation (8). First, we calibrate the cov-
erage ratio and gross medical expenses. According to the WHO, gross health expenditures per
capita in the U.S. are about 1.8 times that in Sweden in 2006.16 Dividing gross medical expendi-

before age 65. Since probabilities sum up to one, we only need two probabilities to characterize the distribution
of health status.

14 According to the Center for Medicare and Medicaid Services (CMS), the average gross medical expenditures
for Medicare participants was $7,146 per year in 2000. We multiply this number by the average household size
(1.48).

15 The average monthly premium for Medicare Part B is $88.5 in 2006 ($75.6 in 2000), and the average monthly
premium for Medicare Part D is $22.7 in 2006 ($19.4 in 2000). 99% of Medicare participants do not pay a pre-
mium for Medicare Part A. Medicare Part C is an alternative and an upgrade to standard Medicare. Part C entails
additional costs, but since its take-up was below 15% in 2006, we abstract from it.

16 The data are available at Global Health Observatory Repository at the WHO website.
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Figure 7: Estimated U.S. Model vs. Data

tures per Medicare-participating household in the U.S. by the ratio of the medical expenditures
per capita of the two countries, we derive gross medical expenditure per Swedish retired indi-
vidual, which is $3,966 per year. With the average household size of 1.39 in Sweden, average
gross medical expenses per Swedish household per year are thus $5,512. The average OOP
medical expense implied by the distribution we constructed in SHARE is $358. The two num-
bers together imply that Sweden’s average coverage ratio is 93.5%, significantly higher than the
U.S. (72.6%). This coverage ratio is corroborated by literature sources.17 This coverage ratio is
used to set φh = 0.935, and to back up gross medical expenses for each household in Sweden.
Finally, Equation (8) yields τ g = 8.37%.

5.2 Second Stage

We set the utility function to a standard CRRA form with risk aversion parameter σ. Following
De Nardi et al. (2010), a household gains utility from leaving warm-glow bequests: when a

17 For example, Anell et al. (2012) report that Swedish OOP expenses in 2005 were about 4.04% of total costs (cov-
erage ratio of 95.96%) for primary care, 64.32% (35.68%) for outpatient dental care, and 24.69% (75.31%) for
prescription drugs, respectively.
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household dies with wealth a, its utility function takes the following form:

v(a) = γ
(a+ ζ)1−σ

1− σ
. (9)

Conditional on other parameter values being fixed, parameter γ affects the strength of the be-
quest motive, and ζ affects the marginal utility of bequests, i.e. the threshold of wealth at which
a household finds it valuable to leave a bequest.18 In effect, ζ determines whether bequests are
a luxury good. As in De Nardi et al. (2010), we assume that the curvature of the bequest and
period utility functions is the same.

Other parameters estimated at this stage include c, the government-provided consumption
floor per adult, and the discount factor βb, which we assume to be heterogeneous in income.
Following Gourinchas and Parker (2002), who estimate a higher discount factor for households
with higher education attainment and thus higher income, we assume that discount factor
heterogeneity is perfectly correlated with permanent income b. In particular, we assume that
the discount factor for the five permanent income groups are β+ 2σβ, β+σβ, β, β−σβ, β− 2σβ,
respectively. Thus β is the time discount factor for the median income household, while σβ
captures the dispersion of the discount factor. Since discount factor heterogeneity is not used
in retirement literature, such as De Nardi et al. (2010) and Nakajima and Telyukova (2020), in
Appendix E we present some results of the model without discount factor heterogeneity, which
is separately estimated.

In total, there are six parameters to be estimated: β, σβ, σ, γ, ζ, and c. We estimate these
six parameters to match (1) the mean and median wealth-age profiles, (2) 10th, 30th, 70th,
and 90th percentiles of wealth, (3) the Medicaid take-up rate profile, and (4) distributional
statistics of bequests. The estimation procedure minimizes the weighted sum of squared dis-
tance between these targets generated by the model and the data. Figures 7(a)-(c) visualize
estimation results, comparing the estimated U.S. model with U.S. data with respect to (1)-(3)
above, while Figure 7(d) shows average income and consumption expenditures in the esti-
mated model. Figures 7(a)-(c) indicate that the model replicates targets (1)-(3) quite well. The
model slightly overestimates the 90 percentile of wealth, but that is because the procedure
weights mean wealth more highly than the tails. Table 5 compares distributional statistics of
bequests between the model and data, which are matched well, especially in the mean and the
98th percentile of bequests. The resulting parameter values are in Table 2.

It is worth discussing parameter identification in this model. The use of the full life-cycle
model allows cleaner identification of some of the estimated parameters relative to a post-
retirement model. In a post-retirement model, the initial distribution of wealth is set in stage-
1 calibration to match exactly the distribution in the data at age 65. In the case of a full life-
cycle model, the median discount factor β is identified by matching age-65 wealth levels (Fig-
ure 7(a)), thereby giving it an estimation target that is absent otherwise. σβ, the dispersion pa-
rameter of the discount factor, is identified to match the dispersion of wealth profiles, shown
in Figure 7(b). c is closely related to Medicaid take-up (Figure 7(c)). The two parameters re-
lated to the bequest motive, γ and ζ, are identified by the distribution of bequests (Table 5),
i.e. the proportion of retirees who leave bequests as well as by the wealth distribution late in

18 See Appendix F as to how γ and ζ affect the bequest decision in a simplified setup.
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Table 5: Distribution of Bequests

Statistics U.S. Data1 Model
Mean bequest 262,709 265,271
Amount of bequest: 10th percentile 0 0
Amount of bequest: 30th percentile 50,279 43,008
Amount of bequest: 50th percentile 156,368 116,859
Amount of bequest: 70th percentile 301,675 265,274
Amount of bequest: 90th percentile 502,792 740,120
Amount of bequest: 95th percentile 754,188 1,133,722
Amount of bequest: 98th percentile 1,508,377 1,549,946
1 In 2000 U.S. dollars. Based on the numbers provided by Hurd and

Smith (2003), and adjusted for the observed increase in wealth, follow-
ing Ameriks et al. (2011).

life. Finally, σ, which determines the strength of the precautionary savings motive, is identified
through the speed of wealth decumulation, as well as the dispersion of wealth profiles.

The value of σ obtained in our estimation (3.85) is close to the estimated value of De Nardi et al.
(2010) (3.84), who use a post-retirement model. β =0.967 is in the middle of the range typically
estimated or calibrated in the literature. σβ is estimated to be 0.014. The dispersion of discount
factor implied by the estimated σβ is larger than what Gourinchas and Parker (2002) obtain.
For example, their estimated β for households with graduate degree (highest β) is 0.962, while
β for those with some high school (lowest β) is 0.944, implying the difference of 0.018. This
smaller dispersion of β is probably due to the fact that they use cross-sectional dispersion in
consumption, which is smaller than dispersion of wealth that we use as a target. Our estimated
value of consumption floor ($5,650 per year per person in 2000) is also in the range of available
estimates. For comparison, Hubbard et al. (1995) estimate the value of consumption floor
per household to be $7,000 in 1984, which is $11,602 in 2000 dollars. If we use the average
household size adjustment factor to convert our consumption floor to per-household terms,
we get the value of $8,288 in 2000 dollars. On the other hand, De Nardi et al. (2010) estimate
the consumption floor value to be $2,815 in 2000 dollars. Since they model single households
only, their estimate is directly comparable to our estimated consumption floor of $5,650.

Interpretation of parameter values associated with bequest utility is not straightforward, so we
convert parameter estimates into threshold values of wealth for leaving bequests and marginal
propensity of bequests, and compare with those implied by parameter estimates of De Nardi et
al. (2010). The details are found in Appendix F. Our parameter estimates imply a lower thresh-
old wealth ($5,797) and a lower marginal propensity (0.60) than what De Nardi et al. (2010)
obtain ($36,225 and 0.88). It is most likely due to the fact that we include couples in our study,
who tend to hold more wealth and are more likely to leave bequests. We also include statistics
of bequest distribution in our calibration targets, while De Nardi et al. (2010) do not.
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Figure 8: Swedish Model vs. Data

6 Understanding U.S.-Sweden Differences in Dissaving in Retirement

This section presents the main results. We start with the model estimated using the U.S. data
(U.S. model), and introduce all the observed Swedish elements into the model and investigate
how much these Swedish elements can account for the differences in wealth decumulation
patterns between the two countries (Section 6.1). In Section 6.2, we carefully look into the role
of the Swedish health transition dynamics and the Swedish gross medical expense risks. Then
we study the role of the Swedish health insurance in Section 6.3. In Section 6.4, we quantify
the importance of all the Swedish elements. In Section 6.5, we look at the interactions between
health insurance and the consumption floor. Finally, in Section 6.6, we discuss the role of
bequest motive, which is recognized to be one of the most important determinants of wealth
decumulation dynamics in retirement.

6.1 The Swedish Model

Figure 8 shows results of the Swedish model. This model retains the estimated parameters of
the U.S. model, except for ζ and c, which are adjusted to account for the difference in aver-
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age incomes between the U.S. and Sweden.19 In addition, institutional features of this model
are replaced with Swedish calibration. These include life-cycle income profiles and income
shocks, health transitions, health insurance coverage and financing, and the level and risk of
OOP medical expenses. Panel (a) compares Swedish model and data in terms of mean and
median wealth. Panel (b) compares the model and the data in terms of percentiles of wealth.
We do not show the proportion of households who use the consumption floor, because we do
not have corresponding data for Sweden.

Figure 8(a) shows that the Swedish model fits the mean and median data wealth profiles well.
In particular, the model captures the fact that Swedish households decumulate wealth faster
than U.S. households. As one measure that quantifies the speed of wealth decumulation, the
ratio of median wealth at age 95 relative to that at age 65 is 0.33 in U.S. data and 0.13 in Swedish
data. In the model, the ratios are is 0.39 and 0.24, respectively. The data ratios of mean wealth
at age 65 relative to that at age 65 are 0.48 in U.S. and 0.34 in Sweden. In the model, these ratios
are 0.55 and 0.20, respectively. The difference in the speed of wealth decumulation between
the U.S. and Sweden is smaller in the model than in the data for median wealth, but larger in
the case of mean wealth. Figure 8(b) shows that the Swedish model slightly overestimates the
higher percentiles of wealth, but captures lower percentiles of wealth better.

Figure 8(c) shows the mean and median wealth of the Swedish model and the “Nordic model,”
which is the same as the Swedish model except for the transition probabilities of health sta-
tus, which are calibrated to include the extra countries of Austria, Germany, Norway and the
Netherlands as previously discussed. This is a robustness check to address small data samples
sizes for Sweden later in life. The figure shows that the Swedish model and the Nordic model
exhibit virtually identical median wealth decumulation profiles, while the speed of mean wealth
decumulation for older households is slightly slower in the Nordic model. The key takeaway
from Figure 8(c) is that the model is robust to using either Swedish or pooled health transition
dynamics of the five Northern European countries.

Finally, Figure 8(d) shows average life-cycle profiles of income, consumption and medical ex-
penses in the Swedish model. This is a counterpart of Figure 7(d) for the U.S. model. Although
mean OOP medical expenses are significantly smaller in Sweden than in the U.S., mean con-
sumption profile is similarly hump-shaped in both countries.

6.2 Role of Health and Medical Expense Shocks

Starting with this section, we look at the key question of the paper. Specifically, we address
individual elements that may account for the observed differences between Swedish and U.S.
wealth profiles in retirement, one at a time. Figure 9(a) shows the model in which only the
health shock is changed from U.S. to Swedish (or Nordic) calibration, keeping all other ele-
ments of the U.S. model intact. Panel (b) shows the model in which only medical expense
shocks are switched from U.S. to Swedish ones.
19 We adjust ζ and c, because average income is $33,100 in the U.S. and $21,600 in Sweden. If we keep the same

value of c as estimated for the U.S. model, the consumption floor artificially becomes relatively more generous
in Sweden. In the Swedish calibration, we multiply c estimated for the U.S. model by (21.6/33.1) to take the
income level difference into account. We make the same adjustment to ζ. In testing, we found the effect of
adjusting ζ and c to be minimal.
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Figure 9: Role of Health and Medical Expense Shocks: Median Wealth

Do these changes lead to faster decumulation of wealth in retirement? Starting with the health
shock, somewhat surprisingly, when Swedish health transition probabilities are introduced,
the pace of wealth decumulation slows, until after age 90 (green line in panel (a)). The rea-
son is the relative longevity of Swedes. As discussed in Section 3.2, Swedish individuals live
longer, and thus need to keep more savings as they age. The Swedish health transition also
implies that medical expenses are higher when U.S. medical expenses are kept in the model,
since Swedish households report being in worse health. This means that households would
spend more on medical expenses, which should make wealth decumulation faster. Figure 9(a)
shows a decomposition of the two elements of the Swedish health transition. In one exper-
iment, the Swedish health transition is modified such that U.S. mortality rates are kept, but
Swedish health transition probabilities conditional on survival are introduced (purple line). In
that case, wealth decumulation becomes significantly faster compared with the U.S. model,
caused by larger medical expenses because of Swedes’ worse health. Moreover, U.S. mortality
rates in this experiment imply that households do not need to save much for later years. How-
ever, this effect is more than canceled out because Swedish individuals have higher longevity
and thus have to keep savings later in life. This can be seen as the difference between the
purple line and the green line, which is significant. Figure 9(a) contains another experiment
(orange line), in which Swedish mortality rates are introduced, but conditional on survival,
U.S. health transition is kept intact. In this case, both the higher longevity of the Swedes and
the relatively smaller medical expenses because of households’ better health make wealth de-
cumulation even less steep than the counterfactual with the Swedish health transition.

Figure 9(a) also contains the case in which the Nordic health shock is introduced into the U.S.
model (cyan line). The Nordic health shock also creates faster health deterioration than the
U.S. benchmark, but it is not as fast as in the Swedish case. Therefore, wealth decumulation
in this experiment is slower than the baseline U.S. model, but the slowdown is smaller than
in the model with the Swedish health shock profile. Figure D.2 in Appendix D provides more
counterfactual experiments with the Nordic health transition.

Figure 9(b) shows wealth decumulation profiles in the model with the Swedish medical ex-
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Figure 10: Role of Health Insurance: Median Wealth

pense shock, keeping all other U.S. elements intact. This figure clearly shows that differences
in gross medical expense shocks between the U.S. and Sweden are a key factor that creates
the differences in wealth decumulation between the two countries (green line). Wealth de-
cumulation becomes faster in the model with Swedish gross medical expense shocks because
the risk of a large medical bill later in life becomes smaller, which weakens the precautionary
saving motive. In addition, households arrive at retirement with less wealth, due to the same
diminished precautionary motive.

Notice that we can distinguish gross medical expense risk from OOP medical expense risk here
because we account for health insurance coverage in this model. If we introduce Swedish
OOP medical expense shock, which is achieved by introducing both Swedish medical expense
shock and Swedish high health insurance coverage ratio (orange line), wealth at retirement
falls slightly further and the wealth decumulation profile becomes very close to the one of the
full Swedish model. This implies that medical expense risk accounts for a large part of the
observed differences in wealth decumulation between the U.S. and Sweden.

6.3 Role of Health Insurance

In this section, we explore how differences in health insurance between the U.S. and Sweden
affect wealth decumulation dynamics. The general takeaway from this section is that the de-
sign of health insurance — the coverage ratio and financing scheme — significantly affects the
life-cycle profile of wealth accumulation and decumulation. Health insurance coverage ratio,
unsurprisingly, changes OOP medical expense risks that retired households are facing, and
thus changing the coverage ratio has similar consequences to changing gross medical expense
risk. How health insurance for retirees is financed also affects wealth accumulation and decu-
mulation patterns, since households adjust saving behavior according to whether they pay for
retirement health insurance prior to retirement or only after retirement.

As described in Sections 4 and 5, health insurance for retirees in the two countries is differ-
ent both on the coverage side and on the financing side. Swedish health insurance covers
a substantially higher fraction of gross medical expenses (93.5% as opposed to 72.6% in the
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U.S.) This lower coverage, as well as higher gross medical expenses overall, mean that OOP
medical expenses in the U.S. are significantly higher. In terms of financing, in the U.S. health
insurance for retirees, Medicare, is separate from health insurance for workers, many of whom
obtain health insurance from their employers. In contrast, in Sweden, there is universal health
insurance which covers both working and retired households. Secondly, U.S. Medicare is fi-
nanced both by Medicare premium paid by its beneficiaries and by Medicare tax paid by work-
ing households. In other words, U.S. workers pay for part of their retirement health insurance
in advance. In contrast, all Swedish households contribute to single universal health insur-
ance scheme. Although working households tend to earn more and contribute more to the
health insurance budget than retired households, there is no extra tax for working households
to support health insurance for retirees as in the case of Medicare.

In Figure 10(a), we change the U.S. health insurance coverage ratio φh from 72.6% to 93.5%,
and investigate the implications for the wealth profile. We show two cases: one with the tax
rate τ g fixed at the baseline rate (green line), and the other with the rate re-adjusted to bal-
ance the budget as in Equation (7) (orange line). When the health insurance coverage ratio is
raised to the Swedish level, the tax rate must be raised to balance the budget. In the current
case, the general income tax rate is raised from 1.60% to 3.05%. If health insurance cover-
age ratio is raised, but tax rate is not adjusted, the decumulation profile shifts down and gets
closer to the wealth decumulation profile of the full Swedish model. This wealth decumula-
tion profile is also close to the case in which Swedish medical expense shocks are introduced
to the U.S. model (Figure 9(b)). This is because having U.S. medical expense shocks that are
covered by Swedish high health insurance coverage rate greatly diminishes the pass-through of
these shocks to households, bringing them close to the small Swedish medical expense shocks.
When OOP medical expenses are expected to be small, either because the gross medical ex-
penses are small or because health insurance coverage ratio is high, households carry less
wealth into retirement and decumulate faster, since they do not need as much wealth for pre-
cautionary purposes. Further, if the general income tax rate is also raised, average life-time
income goes down, so households carry even less wealth into retirement. The resulting wealth
decumulation profile is virtually identical to the one in the full Swedish model between age 65
and 85.

In Figure 10(b), we keep the U.S. health insurance coverage ratio, but change the way health
insurance is financed. In particular, Swedish universal health insurance as in Equation (8)
is introduced. When we keep the baseline Swedish tax rate, wealth carried into age 65 goes
up from the U.S. model. This is because under the Swedish financing scheme, retirees pay
more and workers pay less for health insurance, compared with the U.S. Households carry
more wealth into retirement to pay for the health insurance tax. In retirement, the speed of
decumulation is faster since average wealth at age 95 is the same as in the U.S. model. When
the tax rate (τ g) is adjusted to satisfy Equation (8), the income tax rate has to go up from 8.37%
to 11.09%, so the whole life-cycle wealth profile shifts down.

6.4 Quantifying the Swedish Experiment

This section quantifies the contribution of each of the Swedish elements in accounting for
U.S.-Swedish differences in wealth decumulation. Figure 11 illustrates how wealth profiles
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Figure 11: Decomposing U.S.-Swedish Differences in Wealth Decumulation

change as we start from the U.S. model and introduce all the Swedish elements one at a time,
getting closer to the Swedish model. Panel (a) shows median wealth profiles of different mod-
els, some of which we covered in the previous sections, while panel (b) shows mean profiles.
Then we quantify the contributions in Table 6.

As we discussed in Section 6.2, when the Swedish health transition probabilities are introduced
(green line) into the U.S. model (blue line), holding all other elements the same, the median
wealth profile shifts up, since health deteriorates with age more significantly among Swedish
households, and they have to carry more wealth to pay for higher OOP medical expenses. How-
ever, when Swedish gross medical expense shocks conditional on health status are added to
the model (purple line), median wealth profile shifts down significantly, and gets close to the
full Swedish model (cyan line), as households do not need to keep as much wealth to pay for
OOP medical expenses. If the Swedish health insurance with a high coverage ratio and same
tax for all households is introduced (orange line), this high coverage does not have a strong
effect since gross medical expenses in Sweden are already low. However, Swedish health insur-
ance financing scheme pushes the median wealth profile up, since retirees pay more for their
health insurance under the Swedish scheme compared to the U.S. When the Swedish labor
income shock is added (red line), households carry less wealth into retirement, since Swedish
income risk is lower than in the U.S., and thus diminishes the precautionary saving motive
during working years. Finally, when Swedish average income profile is introduced, bringing
the model to the full Swedish one (cyan line), median wealth profile further shifts down as
income levels are generally lower in Sweden.

Mean wealth profiles, shown in Figure 11(b), exhibit the same order and qualitative character-
istics as median wealth profiles. Quantitatively, there are two relatively large differences. First,
the impact of the Swedish medical expense shock (shown as the shift from the green to the
purple lines) is larger for older ages. Since higher-income households do not rely on the con-
sumption floor (i.e., Medicaid), and their medical expense risk in later years is higher, they have
a larger drop in precautionary saving against medical expense shocks when Swedish shocks are
introduced. Second, the effect of switching to the Swedish average income profile (shift from
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Table 6: Quantifying the Contribution of Swedish Elements

Contribution to Faster Decumulation2

Percent W65/W1
65,US Age 75 Age 85 Age 95

Median wealth
Swedish data 68.4 100.0 100.0 100.0
Swedish model 81.6 24.5 16.8 81.9
Swedish health transition 104.4 –25.9 –26.5 47.3
Swedish gross medical expense risk 88.2 36.9 32.1 59.1
Swedish OOP medical expense risk 83.7 37.1 32.4 57.7
Swedish health insurance coverage 90.5 36.7 30.2 47.0
Swedish health insurance financing 107.1 6.8 7.6 13.6
Mean wealth
Swedish data 55.9 100.0 100.0 100.0
Swedish model 62.5 54.8 94.1 163.8
Swedish health transition 99.5 –39.2 –18.7 88.3
Swedish gross medical expense risk 81.7 104.9 117.7 141.3
Swedish OOP medical expense risk 79.9 108.2 119.2 140.1
Swedish health insurance coverage 86.5 86.7 94.8 96.9
Swedish health insurance financing 102.8 6.1 9.4 14.5
1 Wealth at age 65 of the row divided by wealth at age 65 of either U.S. data (for Swedish data) or U.S. model (for

models).
2 For example, in order to obtain the number for median wealth of the Swedish model at age 75 (24.5%), first

compute wealth in the Swedish model at age 75 relative to wealth at age 65. Subtract from the same ratio for
the U.S. model. Do the same thing for the data (wealth at age 75 in the U.S. data relative to that of age 65,
minus wealth at age 75 in Swedish data relative to that of age 65). Divide the difference in the model by that of
the data. U.S. and Swedish data are smoothed using quadratic function in age.

the red to the cyan lines) is larger for younger ages. This is because Swedish income disper-
sion is smaller than in the U.S. (Figure 6(c)), so high-income households hold significantly less
wealth, which affects the mean wealth profile more than the median wealth profile.

In Table 6, we quantify individual contributions of Swedish institutional features to wealth
decumulation patterns. The top panel of the table shows these contributions measured with
median wealth, while the bottom panel is for mean wealth. The first column shows the level of
wealth at age 65 for the given row relative to age-65 wealth of the U.S. data (for Swedish data)
or the U.S. model (for models). Numeric columns 2-4 show the percentage of the empirical
difference between wealth decumulation profiles in the two countries that can be explained
by a given feature. For example, the number 24.5% for the Swedish model at age 75 means that
the difference in decumulation rates of median wealth at age 75 between the U.S. model and
the full Swedish model is 24.5% of the counterpart age-75 empirical difference between U.S.
and Sweden. U.S. and Swedish data are smoothed using a quadratic function with respect to
age; using raw profiles with 5-year age binning gives similar results.
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U.S. and Swedish models can account for 25%, 17%, and 82% of the observed differences in
median wealth decumulation rates between the two countries at ages 75, 85, and 95, respec-
tively. As previously discussed, introducing Swedish health transitions makes wealth decu-
mulation slower in the model. Specifically, the model with Swedish health shocks contributes
negative 26% and 27% in explaining faster wealth decumulation of Sweden relative to the U.S.
at age 75 and 85, before contributing positive 47% at age 95. As we have shown, either intro-
ducing Swedish gross medical expense shocks or introducing Swedish health insurance cover-
age accelerates wealth decumulation in the model, and thus the model with either feature can
account for a large proportion of the observed faster wealth decumulation in Sweden. Specif-
ically, Swedish gross medical expense shocks account for 36%, 32% and 59% of the observed
faster wealth decumulation in the Swedish data, at ages 75, 85 and 95. Swedish health in-
surance coverage accounts for 37%, 30%, and 47% for ages 75, 85 and 95, respectively. Both
features together, equivalent to introducing Swedish OOP medical expense risk, account for
37%, 32% and 58%.

In addition, these two Swedish features also bring the wealth level at age 65 closer to Swedish
data, as shown in the first column. For example, if Swedish OOP medical expense risk is intro-
duced, median wealth at age 65 becomes 16% lower than the U.S. model, compared with the
observed 32% difference. On the other hand, introducing Swedish health insurance financing
induces households to increase saving carried into retirement, increasing the median wealth
level at age 65 by 7%. Since households pay more for health insurance in retirement, wealth
decumulation in the model with Swedish health insurance financing is faster, by 7%, 9%, and
14%, at ages 75, 85, and 95, respectively.

The bottom panel of Table 6 shows that results based on mean wealth are qualitatively similar,
but as discussed, the percentage of wealth decumulation rate differences that each Swedish
feature of the model can explain is larger, since wealthy households are less likely to rely on the
consumption floor and are more sensitive to changes related to their medical expense risks.
This result is consistent with graphical illustration shown in Figure 11. Specifically, the model
with all the Swedish institutional features can account for 55%, 94%, and 164% of the observed
faster mean wealth decumulation in the Swedish data, and also for much of the difference in
wealth at age 65. Like in the case of median wealth, introducing Swedish health shocks makes
wealth decumulation slower, while Swedish gross medical expense risk or health insurance
coverage can account for all or almost all of the observed faster mean wealth decumulation in
the Swedish data. Introducing Swedish health insurance financing makes the wealth carried
into retirement higher, since retirees have to pay more for their health insurance under the
Swedish scheme.

6.5 Health Insurance and Consumption Floor

This section discusses interactions between the two forms of social insurance policy, namely,
health insurance and the consumption floor. The results are shown in Figure 12. Panel (a)
shows how mean and median wealth profiles in the U.S. model change when we double the
size of the consumption floor c, capturing a theoretical increase in Medicaid benefits. We also
show the case in which the more-generous Swedish health insurance is introduced in addition.
Panel (b) shows the same for the Swedish model. Starting with the Swedish model, doubling
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Figure 12: Interactions between Health Insurance and Consumption Floor

the consumption floor does not change wealth decumulation profiles noticeably. Since medi-
cal expenses are relatively small and health insurance coverage is already high in Sweden, there
is no strong need for a consumption floor. In other words, health insurance and consumption
floor policies are substitutes. It is reasonable to think that the consumption floor is different
(possibly higher) in Sweden than the U.S., but we do not recalibrate it for Sweden because we
do not have appropriate data, and wealth decumulation profiles are not sensitive to the con-
sumption floor in Sweden as shown here.

The U.S. is a different story. Since medical expense risks are significant, while health insurance
coverage is lower, households rely more on the consumption floor. Therefore, if the consump-
tion floor is doubled, households across all ages save less in order to utilize it more. If Swedish
health insurance with the high coverage ratio is also introduced, the effects of the higher con-
sumption floor on wealth holding are mitigated for younger and higher-income households
whose saving is again closer to the original model, since they tend to rely less on Medicaid-
like programs. In contrast, older and lower-income households still reduce saving and utilize
consumption floor benefits more extensively.

6.6 Interactions with Bequest Motive

This section briefly discusses the role of bequest motives in shaping wealth profiles in re-
tirement, since bequests are often pointed out in the literature as one of the main driving
forces behind wealth decumulation dynamics of older households. Figure 13 compares sce-
narios with and without bequest motives in the U.S. model (panel (a)) and the Swedish model
(panel (b)). In both countries, if we shut off the bequest motive (by setting γ = 0), wealth decu-
mulation becomes faster. In Sweden, both mean and median wealth go down to almost zero by
age 95, which is consistent with predictions of a simple life-cycle model. However, among U.S.
households, mean and median wealth decrease but remain positive at age 95. This is due to the
large medical expense risks, especially for the oldest old. This contrast of wealth decumulation
pattern between the U.S. and Swedish households is consistent with previous literature.
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Figure 13: Models with and without Bequest Motive
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Figure 14: Experiments: Medical Expense Risk in Post-Retirement Model

7 Revisiting the Role of Medical Expense Risk, with Full Life-Cycle Model

In this section, we study the implications of using a retirement-only model, as in De Nardi
et al. (2010), Nakajima and Telyukova (2020), as compared to the full life-cycle model that we
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build here, to measure the impact of medical expenses in retirement. To capture a typical post-
retirement model, which starts at age 65 with an exogenous distribution of agents to parallel
the empirical one, we fix the type distribution of households at age 65 to that in the baseline
life-cycle model, and do not allow it to move as a result of our experiments. Figure 14 shows
the results from several counterfactual experiments.

In Figures 14(a) and (b), we turn off medical expense risk, by replacing medical expense shocks
that households face by the expected mean of medical expenses conditional on age, income,
and health. Panel (a) shows the overall median, while Panel (b) shows 10/30/50/70/90 per-
centiles of wealth. Since there are still shocks to health, which affect the expected mean of
medical expenses, some medical expense risk is actually retained, but it is small. The blue line
shows the baseline life-cycle U.S. model, while the green line shows the experiment where we
solve the full life-cycle model after we shut down the medical expense risk. The yellow line
shows the scenario where we shut down medical expense risk, but keep the distribution of
agents at age 65 the same as the baseline model.

Comparing the blue and yellow lines, we see that medical expense risk causes significantly
slower wealth decumulation in retirement. However, part of the effect is created by the fact
that the age-65 wealth level is held constant in the two models. If households are allowed to
change saving behavior before age 65, they carry less wealth into retirement when medical
expense risk is shut down, as shown by the green line, since precautionary saving motive is
weakened. The rate of wealth decumulation is still faster in this model, but the difference is
less dramatic than in the retirement-only model. Panel (b) shows that the same thing happens
for different percentiles of wealth, particularly at the higher percentiles of wealth where the
ability to save for retirement is higher. The response of the lower income groups is weaker
because they rely on Medicaid more when they are hit by a large OOP medical expense shock,
and therefore they save less for precautionary reasons. In addition to this distributional effect,
panel (b) also demonstrates how the precautionary saving parameter σ is identified through
the wealth distribution.

When we set gross medical expenses to be zero, as shown in Figures 14(c) and (d), the impli-
cations of modeling the full life cycle are even more pronounced. Panels (c) and (d) again
show median wealth and percentiles of wealth of the three models. Comparison between
the blue and yellow lines in Panel (c) indicates that when medical expenses are set to zero
in the retirement-only model, wealth decumulation becomes significantly faster. However, the
green line indicates that the seemingly faster decumulation is in large part due to the inabil-
ity to adjust savings before age 65, so retirees in the retirement-only model dissave the excess
wealth more quickly. Panel (d) again shows that the same exaggeration of faster decumula-
tion of wealth in the retirement-only model can be seen in much of the wealth distribution,
particularly in the upper percentiles of wealth. Therefore, the impact of medical expenses on
(dis)saving behavior in retirement may be overstated in a retirement-only model, where faster
decumulation partly replaces the true effect of lower saving prior to retirement.
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8 Conclusion

In this paper, we bring in a cross-country perspective and a full life cycle to an important ques-
tion of what contributes to slow decumulation of wealth among older households in the U.S.
We first document that older households in Northern European countries decumulate wealth
faster than U.S. households. Since gross medical expenses are lower and universal health in-
surance with higher coverage is available in Sweden and other European countries, we study
whether the smaller gross medical expense risk and a higher health insurance coverage in these
countries contributes to faster decumulation of wealth. We build a model with income, mor-
tality, health, and medical expense shocks and health insurance program, estimate the model
using U.S. data, and measure the contribution of salient Swedish features related to health
and medical expense risk and insurance. The model with all the Swedish features can account
for 82% of the U.S.-Swedish differences in median wealth decumulation at age 95. We find
that smaller gross medical expense risk contributes to faster wealth decumulation. We also
find that the structure of health insurance has significant effects on the pace and dynamics
of wealth decumulation in retirement. When higher health insurance coverage is available,
households carry less wealth into retirement, and decumulate wealth faster, matching ob-
served patterns in Sweden and other Nordic countries. When households pay more for health
insurance after retirement, as in Sweden, they bring in more wealth into retirement to pay for
health insurance.

We present a full life-cycle model, while most of the studies in the retirement saving puzzle
literature, including our previous work, use models that abstract from pre-retirement saving
decisions. A novel contribution of this paper is that our model sheds light on the role of these
pre-retirement decisions in shaping the wealth decumulation profile after retirement. When
medical expense risk is shut down, we find that wealth decumulation is accelerated in a post-
retirement model relative to a full life-cycle model, because households are unable to adjust
their pre-retirement wealth in response to lower risk. Therefore, a model that abstracts from
the full life cycle may overstate the quantitative impact of medical expenses on wealth decu-
mulation late in life.

There are two important questions to be answered in future research. First is the role of hous-
ing. In this paper, we focus on total wealth and do not distinguish between housing and non-
housing financial assets. However, we document in our prior work that housing constitutes
a large part of wealth for average households in many countries, including the U.S. and Swe-
den, and Swedish households decumulate financial assets faster than U.S. households, while
housing assets are flat in retirement in both countries. As emphasized in our previous work
(Nakajima and Telyukova (2020)), the presence of illiquid housing wealth in household port-
folios can impact conclusions regarding what drives dissaving in retirement. By extending our
model here by introducing housing and financial assets explicitly, we could understand U.S.-
Swedish differences in wealth decumulation further. Second, the model developed in this pa-
per can be used to understand optimal design of health insurance in retirement. How should
health insurance be financed? What is the optimal combination of health insurance coverage
and consumption floor? Our model provides a natural laboratory to answer these important
questions.
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Appendix

A Additional Facts for the U.S., Sweden, and Other European Countries

This appendix contains figures of the U.S., Swedish, and other Northern European data that are
not in the main text. Figure A.1 contains (a) homeownership rate, (b) median conditional hous-
ing assets normalized by age-65 median income, and (c) median financial assets normalized by
age-65 median income, for the U.S., Sweden, and four Northern European countries. This fig-
ure corresponds to Figure 1, which shows total asset profiles for these countries. For all coun-
tries, conditional housing profile seems flat, while the homeownership profile is downward
sloping but not as steep as financial asset profiles, suggesting that housing is a contributing
factor for generally slow decumulation of wealth, which we argue in Nakajima and Telyukova
(2020). Figure A.1(c) shows that the U.S. households decumulate financial assets more slowly
than European countries, which suggests that the observed slower decumulation of wealth in
the U.S. is mainly due to slower decumulation of financial assets among U.S¿ households.

Focusing on just the U.S. and Sweden, in Figure A.2 shows homeownership rate (top row),
median conditional housing assets (middle row), and median financial assets (bottom row)
for five income quintiles for the U.S¿ (left panels) and Sweden (right panels). The panels show
what we argue using the median, namely, decumulation of housing assets is slow in both the
U.S. and Sweden, and the decumulation of housing assets is mostly done by extensive margin
(selling the house) instead of by intensive margin (downsizing the house). On the other hand,
the observed faster decumulation of wealth among the U.S. households is mainly due to faster
decumulation of financial assets among the U.S. households compared with the Swedish ones.
These are true for all income groups.

Finally, Figure A.3 shows that there is no significant differences between the U.S. and Swe-
den in terms of life-cycle profiles regarding debt. Panel (a) compares the overall proportion
of households with a net negative financial asset position (net financial debt) for the U.S. and
Sweden. They are remarkably similar, steadily declining from 20-25% at age 65 to less than
10% at around age 90. Panel (b) compares median net financial debt among debtors for the
two countries. The U.S. median debt is decreasing in age, while the Swedish profile seems
slightly flatter than the U.S. profile, but the difference is not large. Panels (c) and (d) com-
pare the median debt profiles for five income quintiles, for the U.S. and Sweden. For the U.S.
(Panel (c)), the median debt is generally decreasing in age for each income quintile. For Swe-
den (Panel (d)), it is hard to see a general tendency partly because of the small sample number
of households if each income quintile is separately observed, but it seems like there is no obvi-
ous downward sloping profiles like for the U.S. profiles. Panels (e) and (f) show the proportion
of households in negative financial asset position for each income quintile, for the U.S. and
Sweden. For both countries, the profiles are steadily decreasing in age, as we have seen in
Panel (a) which shows the overall proportion in debt. Panels (g) and (h) show that the declin-
ing profile of debt is not due to the definition of debt we use, by showing the proportion of
households with gross secured debt (panel (g)) and with gross unsecured debt (panel (h)) in
the U.S. and Sweden. In both countries, the proportion with gross secured debt and that with
unsecured debt are decreasing in age.
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(b) Medi. Housing Assets /Medi. Inc. at 65
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(c) Medi. Financial Assets / Medi. Inc. at 65

Figure A.1: Housing and Financial Asset Profiles, U.S. and Northern Europe
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(a) U.S., Homeownership Rate
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(b) Sweden, Homeownership Rate
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(c) U.S., Median Housing Assets

 0

 50

 100

 150

 200

 250

 65  70  75  80  85  90

T
ho

us
an

d 
P

P
P

-A
dj

us
te

d 
20

00
 U

S
$

Age

Q1 Q2 Q3 Q4 Q5

(d) Sweden, Median Housing Assets
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(e) U.S., Median Financial Assets
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(f) Sweden, Median Financial Assets

Figure A.2: Asset Profiles by Income Quintile
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(b) Median Net Debt: U.S. vs. Sweden
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(c) Median Net Debt by Income Quintile: U.S.
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(d) Median Net Debt by Income Quintile: Sweden
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(e) Prop in Net Debt by Income Quintile: U.S.
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(f) Prop in Net Debt by Income Quintile: Sweden
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(g) Prop with Secured Debt: U.S. and Sweden
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Figure A.3: Debt Profiles: U.S. and Sweden
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B Health Transition Probabilities: Pre-65

Since we have a full life-cycle model, we need to construct health transition probabilities for all
ages, πmi,b,m,m′ , in the model. We divide the process of constructing health transition probabili-
ties into pre-age-65 and post-65 stages. Prior to age 65, it is important for us to construct health
transition probabilities that are consistent with the joint distribution of income and health at
age 65. As emphasized by De Nardi et al. (2010) and Nakajima and Telyukova (2020), there is
a strong correlation in the joint distribution between income and health status, among other
household characteristics, at age 65. When a model starts at age 65, it is straightforward to
incorporate the correlation since the initial type distribution can be directly taken from data,
as in those two papers and many others taking the same approach. However, when we model
the entire life cycle, joint distribution of income and health at age 65 becomes an endogenous
object.

Unlike the post-65 health transition process, we cannot directly estimate the one prior to age
65 using longitudinal data, since HRS for the U.S. and SHARE for Europe only contain indi-
viduals of age 50 and above. For the U.S., MEPS (Medical Expenditure Panel Survey) covers
individuals of all ages, and has longitudinal data. Therefore, we attempted to use MEPS to di-
rectly estimate pre-65 health transition probabilities. However, this method turned out to be
unfruitful, for two reasons. First, since the distribution of health is different between HRS and
MEPS, if we construct pre-65 health transition probabilities using MEPS, the resulting age-65
joint distribution of income and health is different from what we have in the HRS. Second,
there is no clear way to translate income levels observed in MEPS into income shocks in the
model, making the joining of the two periods of life difficult in the model.

Instead, we assumed a parsimonious parameterized form for the health transition probabili-
ties and estimated pre-65 health transition probabilities so that the resulting age-65 joint distri-
bution of income and health replicates the empirical age-65 distribution in the HRS as closely
as possible. In estimating health transition probabilities, we make the following four assump-
tions. First, we assume that there is no mortality risk before age 65, i.e., πmi,b,m,0 = 0. This is
a reasonable assumption considering low mortality rates for younger individuals. Second, we
assume that health transition probabilities are the same for all ages before age 65. This is to
limit the number of parameters that we need to estimate with a limited target. Third, we take
the initial (age-21) health distribution for the U.S. and Sweden from MEPS. MEPS asks its par-
ticipants to self-report their health status in the same way as in HRS. However, the self-reported
health status distribution at age 65 is different between HRS and MEPS, which suggests either
that the questions are asked differently, or the sample is different. For tractability, we assume
that the self-reported health status distribution at age 21 in MEPS captures the U.S. health dis-
tribution at age 21 well. We use the same initial health distribution for Sweden, since there
is no such information for Sweden. In additional experimentation, we found that the initial
health distribution is not important for age-65 health distribution since the age-65 distribu-
tion is mostly determined as the ergodic distribution of the transition matrix, independent of
the initial distribution. Finally, we pose the following parameterized form for the health tran-
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sition probabilities, given b, and for all i:

πmi,b,m,m′ =

0 ρb,1 1− ρb,1 0
0 0 ρb,2 1− ρb,2
0 0 1− ρb,1 ρb,1

 (B.1)

Zeros in the left column indicates that mortality risk is zero before age 65. The matrix is char-
acterized by two parameters, ρb,1 and ρb,2, with the former representing persistence of excellent
and poor health states, and the latter representing persistence of good health status. Since this
is age-independent, and there are five income levels, this parameterization implies that we
have 10 parameters to be estimated. Given the initial (age-21) health status distribution, and
guesses for the 10 parameters (ρb,1 and ρb,2 for all b), we can simulate the health status distribu-
tion up to age 65 and compare the health distribution at age 65 generated by the model with
the actual health status distribution according to HRS for the case of the U.S. (SHARE for Swe-
den). The parameters are pinned down to minimize the sum of absolute distance between the
distribution of health status generated by the model and the data. Notice there are five income
bins, and two health states (the proportion of the third health status is automatically obtained
as the residual), which means we have 10 parameters for 10 targets. Since the 2 parameters for
each income level can be estimated to match the two distribution targets at age 65 indepen-
dently from other parameters, the age-65 health distribution can be perfectly matched.

Table B.1 shows the initial (age-21) distribution of health (first column), and joint distribution
of income and health at age 65, in the data (second column) and in the model (third column).
The resulting estimated parameter values for the U.S. and Sweden are summarized in Table B.2.
The estimated health transition probabilities generate the following features of the data suc-
cessfully: (1) higher-income individuals are already healthier at age 21, (2) health deteriorates
between age 21 and 65 for all income groups and (3) there are more individuals with excellent
(poor) health in the higher (lower) income bins at age 65. We proceed similarly for Sweden.
The last two columns compare the joint distribution between income and health in the data
(fourth column) and generated by the model (last column). Our calibration procedure suc-
cessfully replicates the fact that dispersion of health states is smaller, both overall and for each
income group, in Sweden.
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Table B.1: Joint Distribution of Income And Health at Age 65

U.S., 21 U.S., 65 U.S., 65 Sweden, 21 Sweden, 65 Sweden, 65
Data Data Model Data Data Model

Overall
1 (excellent) 0.710 0.442 0.442 0.710 0.375 0.375
2 (good) 0.237 0.326 0.326 0.237 0.331 0.331
3 (poor) 0.053 0.232 0.232 0.053 0.294 0.294
Income Bin 1 (Bottom)
1 (excellent) 0.696 0.262 0.262 0.696 0.313 0.313
2 (good) 0.262 0.332 0.332 0.262 0.302 0.302
3 (poor) 0.042 0.406 0.406 0.042 0.385 0.385
Income Bin 2
1 (excellent) 0.701 0.409 0.409 0.701 0.327 0.327
2 (good) 0.261 0.357 0.357 0.261 0.390 0.390
3 (poor) 0.038 0.234 0.234 0.038 0.284 0.284
Income Bin 3 (Middle)
1 (excellent) 0.639 0.463 0.463 0.639 0.349 0.349
2 (good) 0.301 0.351 0.351 0.301 0.363 0.363
3 (poor) 0.059 0.186 0.186 0.059 0.288 0.288
Income Bin 4
1 (excellent) 0.725 0.545 0.545 0.725 0.384 0.384
2 (good) 0.222 0.270 0.270 0.222 0.399 0.399
3 (poor) 0.053 0.185 0.185 0.053 0.217 0.217
Income Bin 5 (Top)
1 (excellent) 0.787 0.532 0.532 0.787 0.503 0.503
2 (good) 0.141 0.319 0.319 0.141 0.199 0.199
3 (poor) 0.071 0.150 0.150 0.071 0.298 0.298

Sources: MEPS 2006 (age 21), HRS 2006 (U.S., age 65) and SHARE 2006 (Sweden,
age 65).

Table B.2: Estimated Parameter Values for Health Transition Probabilities

U.S. Sweden
ρb,1 ρb,2 ρb,1 ρb,2

Income Bin 1 (Bottom) 0.9565 0.9138 0.9644 0.9186
Income Bin 2 0.9758 0.9619 0.9659 0.9513
Income Bin 3 (Middle) 0.9854 0.9771 0.9728 0.9554
Income Bin 4 0.9871 0.9697 0.9715 0.9659
Income Bin 5 (Top) 0.9823 0.9775 0.9799 0.9223

Sources: Authors’ estimates.
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C Health Transition Probabilities: Post-65

Since we want to keep consistency between the full life-cycle model developed in this paper
and the model only in retirement which is commonly used in the literature, including our pre-
vious work, we follow the same procedure as in past work in constructing health transition
probabilities, for both the U.S. and Sweden. Specifically, we use HRS (for the U.S.) and SHARE
(for Sweden) and estimate directly transition probabilities between health states, conditional
on age and income level. Notice that health transition probabilities include mortality risk, as
a transition from m > 0 (excellent, good, or poor) to m′ = 0 (dead). For the U.S., we use
our estimated health transition probabilities from our previous work (Nakajima and Telyukova
(2020)). We use HRS, which is a longitudinal dataset, to estimate the probabilities that an indi-
vidual with income bin b and the current health status m becomes a certain health status m′ in
the next period (two years later). Since HRS has a large sample, it is relatively a straightforward
exercise.

Estimating the health transition probabilities for Sweden is more involved, because we only
have one two-year panel (2004-2006) with SHARE and the sample size is smaller than HRS. For
a robustness exercise, we construct the health transition probabilities for four other Northern
European countries (Austria, Germany, Denmark, and the Netherlands), take the average of
the health transition probabilities of the five (including Sweden) countries, and refer to this as
the Nordic health transition process. At the end of this section we investigate the robustness
of the estimated Swedish health transition probabilities by comparing the Swedish ones with
the Nordic ones. Below we explain in detail the steps we take to estimate health transition
probabilities using SHARE.

C.1 Computing Income Adjustment Factor

We want to control for changes in income due to changes in the number of adult household
members, since a spouse might be receiving pension as well. Therefore, in later analysis, we
want to divide household income in SHARE by a factor if the household is a couple with two
adult members. We denote the income adjustment factor ψs, with s = 1 meaning single house-
hold and s = 2 meaning a couple household. ψ1 = 1 by definition. We compute ψ2 for five
countries. For comparison, in our previous work using HRS, we obtained ψ2 = 1.48 for the U.S.

We use SHARE longitudinal data 2004-2006. We only use the observations that satisfy the fol-
lowing criteria:

1. Age in 2004 is between 63 and 101. Since elsewhere we use 5-year age bins, and we use
ages 65 to 99, we include ages between 63=65-2 and 101=99+2.

2. Household income is above zero in both 2004 and 2006. This automatically eliminates
any missing values for income.

3. Number of adults in the household is either 1 (single) or 2 (couple) in both 2004 and 2006.

4. Respondent weight in 2004 is positive.

5. Households are marked as retired in both 2004 and 2006.
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Once we apply these selection criteria, we take households whose household size changes
from 2 in 2004 to 1 in 2006. Then we compute the following:

ψ2 =

∑
w2004y2004∑
w2004y2006

(C.2)

where w2004 is respondent weight, y2004 and y2006 are household income in 2004 and 2006, re-
spectively. We compute the ratio of the averages, instead of the averages of the ratio, in order to
avoid extreme values affecting the result disproportionally. But we found that the two methods
provide very similar values ofψ2. We also compute the median of the ratio, to check robustness.
Table C.1 shows the results:

Table C.1: Income Adjustment Factor

Mean Median
Sweden 2.420 2.678
Austria 1.688 1.539
Germany 1.859 1.545
Denmark 2.687 2.671
Netherlands 1.703 1.677

C.2 Constructing Income Bins

Next step is to classify individuals’ income into 5 income bins, since we want to estimate health
transition probabilities for five income groups separately. We again use the 2004-2006 longitu-
dinal dimension of SHARE. We first apply the following selection criteria.

1. Age in 2004 is between 63 and 67, which is five year age band around age 65.

2. Household income is above zero in 2004.

3. Number of adults in the household is either 1 (single) or 2 (couple) in 2004.

4. Respondent weight in 2004 is positive.

5. Household is retired in 2004.

For these individuals, we construct adjusted household income. Adjusted household income
is the (raw) household income divided by ψs where s is the household size in 2004. Then we
sort households by the adjusted household income, and create five equal-sized income groups.
Each income group includes 20% of the sample households. We label them b = 1, 2, 3, 4, 5, with
b = 1 the lowest 20% and b = 5 the highest 20%. We compute median adjusted household
income in each income group, to represent income of each group in the model simulations.
We also record the threshold values of adjusted household income. Table C.2 summarizes the
results.
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Table C.2: Income Bins

Sweden Austria Germany Denmark Netherlands
Income bin 1 8,553 11,258 8,925 7,706 7,523
Income bin 2 14,031 15,028 12,632 10,556 12,037
Income bin 3 17,093 18,866 15,249 13,484 16,927
Income bin 4 21,940 23,750 19,928 16,207 23,774
Income bin 5 32,295 37,321 33,388 25,326 44,929
Income threshold: 1 and 2 11,932 13,481 10,985 9,231 9,285
Income threshold: 2 and 3 15,855 17,417 13,731 11,944 14,090
Income threshold: 3 and 4 19,150 21,014 17,671 14,569 18,808
Income threshold: 4 and 5 25,083 29,720 23,630 19,265 31,344
Wage growth rate: 1996-2006 (%) 2.33 1.01 0.38 1.55 0.53

There is one more complication. Since we use cross-sectional data of SHARE to compute
health transition probabilities, we might not want to apply the same income bin criteria to dif-
ferent age groups in one cross-section, since they are from different cohorts. We are concerned
about this issue because if we apply the same income bin thresholds shown above to Swedish
cross-sectional data, the distribution across income groups shifts towards lower income bins
as individuals age. This is opposite of what we think should happen, since higher-income
households tend to be healthier, and live longer, so if anything, the distribution across income
bins should shift towards higher income bins as individual ages. We concluded that this is
happening since we apply the same income bin thresholds for different cohorts in one cross-
sectional data. In order to deal with this issue, we decided to adjust the income bin thresholds
for different age groups (cohorts). In particular, the income bin thresholds are adjusted using
the average wage growth rate, shown in the bottom row of Table C.2. The idea is that older in-
dividuals worked in earlier years, and thus their wages are lower than younger retirees, which
should show up as on average lower retirement income of older individuals. So we adjust the
income bin thresholds by the average wage growth rate. For age 65, there is no adjustment.
For age 67, for example, age thresholds are adjusted by dividing the thresholds for age 65 by
(1.0233)2. In general, for age-i individuals, income bin thresholds are computed as follows:

yi =
y65

(1 + gw)i−65
(C.3)

where y65 is an income threshold for age-65 individuals (shown in Table above), yi is the income
bin threshold for age-i individuals. gw is the annual wage growth rate. For example, gw = 0.0233
for Sweden. With this adjustment, distribution across income bins in Sweden shifts towards
higher income bin as individuals age, which is what we expect to see.

C.3 Constructing Health Transition Probabilities

Now we are ready to construct health transition probabilities, using the longitudinal data 2004-
2006 in SHARE. For age-i, we apply the following sample section criteria:
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1. Age in 2004 is between i-2 and i+2, which is five year age bin around age i.

2. Household income is above zero in 2004.

3. Number of adults in the household is either 1 (single) or 2 (couple) in 2004.

4. Respondent weight in 2004 is positive.

5. Household is retired in 2004.

6. Self-reported health status in both 2004 and 2006 are valid (0 (dead), 1 (excellent), 2
(good), or 3 (poor)).

For those individuals that satisfy the criteria, we compute the adjusted household income in
2004 (dividing raw household income by ψs where s is the household size in 2004). Then we
apply the age-dependent income bin thresholds constructed in the previous subsection to de-
termine which income bin (b = 1, 2, 3, 4, 5) each individual falls into. Then the health transition
probabilities πm(i, b,m,m′) can be computed as follows:

πm(i, b,m,m′) =
Total respondent weights of individuals with (i, b,m,m′)

Total respondent weights of individuals with (i, b,m)
(C.4)

where i is age in 2004, b is income bin,m andm′ are health status in 2004 and 2006, respectively.

The problem here is that there is not large enough number of individuals for a given (i, b,m). In
order to overcome this problem, we apply two procedures. First, we introduce wider definition
of income bins. In particular, we assume b̃ = 1 includes b = 1, 2, b̃ = 2 includes b = 1, 2, 3,
b̃ = 3 includes b = 2, 3, 4, b̃ = 4 includes b = 3, 4, 5, and b̃ = 5 includes b = 4, 5. This makes
the difference across income groups potentially less stark since we allow mixing across true
income bins, but we need this adjustment to keep a reasonable number of individuals for any
given (i, b,m) cell. We replace b with b̃. Second, we apply the following linear regression to
health transition probabilities, in order to account for smaller sample sizes for older age groups
(above age 80).

πm(i, b,m,m′) = β0,b,m,m′ + β1,b,m,m′i (C.5)

We apply this regression for each of (b,m,m′), except for one m̃′, since health transition prob-
abilities must sum up to one. We pick m̃′ with the fewest observations and πm(i, b,m, m̃′) as a
residual after obtaining πm(i, b,m,m′) for all m′ other than m̃′.

As we mentioned at the beginning of this section, we implement the procedure above sepa-
rately for five European countries. Then we create πm(i, b,m,m′) for what we call NE-A5, which
is the simple unweighted average of πm(i, b,m,m′) across five Northern European countries
(Austria, Germany, Denmark, the Netherlands, and Sweden). Tables C.3, C.4, and C.5 summa-
rize the obtained health transition probabilities for the U.S., Sweden, and Northern European
countries, respectively.
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Table C.3: Health Status Transition: U.S. (%)

Low income Median income High income
Age 65 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 0.4 71.6 22.6 5.4 1.1 71.4 22.3 5.2 1.5 77.2 18.7 2.6
Good 3.7 24.8 52.0 19.6 1.7 25.5 54.2 18.6 1.4 30.0 53.4 15.3
Poor 9.9 5.0 17.0 68.1 9.7 5.3 19.0 65.9 5.9 10.3 32.1 51.7
Age 75 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 3.7 58.2 27.1 11.0 3.0 60.3 25.7 11.1 4.4 64.7 26.7 4.2
Good 6.8 21.3 46.9 25.0 7.7 23.4 41.3 27.6 6.3 16.6 52.3 24.8
Poor 12.5 4.4 16.7 66.4 19.7 4.4 18.3 57.6 15.0 4.3 19.2 61.5
Age 85 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 10.9 39.3 31.5 18.3 11.0 47.8 25.9 15.3 8.3 56.3 27.9 7.6
Good 19.3 21.1 34.8 24.9 11.6 17.3 39.1 32.0 15.5 15.9 44.0 24.7
Poor 26.6 5.6 14.2 53.7 29.5 3.9 15.3 51.4 26.1 9.2 17.2 47.4
Age 95 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 47.5 34.2 12.0 6.3 24.5 27.7 14.7 33.1 16.7 60.2 23.1 0.0
Good 53.8 5.9 26.7 13.7 26.5 9.5 30.1 33.9 60.3 0.0 20.9 18.8
Poor 34.5 9.6 15.5 40.4 54.0 5.7 13.5 26.9 43.7 0.0 13.7 42.6

Note: Individuals are grouped into five equal income bins with low income = bin 1, median in-
come = bin 3, and high income = bin 5. Sources: HRS 1996-2006 for the U.S., SHARE 2004-2006
for European countries. Five Northern European countries are Austria, Germany, Denmark, the
Netherlands, and Sweden.
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Table C.4: Health Status Transition: Sweden (%)

Low income Median income High income
Age 65 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 3.7 61.9 33.2 1.1 0.0 72.9 27.1 0.0 0.0 62.1 21.8 16.2
Good 0.0 21.6 47.4 31.0 0.0 13.8 41.3 44.9 0.0 14.6 53.4 32.0
Poor 4.0 10.1 6.0 79.9 7.0 4.8 12.2 76.0 0.0 0.0 7.6 92.4
Age 75 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 3.6 42.0 27.9 26.4 4.0 52.7 20.9 22.5 3.5 57.4 26.1 13.1
Good 7.0 17.1 32.7 43.3 5.7 14.0 37.7 42.6 3.4 11.7 49.8 35.1
Poor 16.8 8.1 12.3 62.8 12.9 4.2 10.5 72.4 11.2 2.5 5.2 81.1
Age 85 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 3.5 22.1 22.7 51.7 7.4 30.7 13.9 48.0 17.5 46.1 28.1 8.3
Good 21.6 10.9 14.3 53.2 23.1 12.6 29.3 35.0 17.6 7.2 40.5 34.8
Poor 29.6 6.2 18.6 45.7 18.8 3.6 8.7 68.8 29.3 1.3 2.6 66.8
Age 95 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 3.3 2.2 17.4 77.0 10.8 8.6 7.0 73.6 31.5 34.8 30.2 3.4
Good 32.2 4.7 0.0 63.1 40.5 11.1 20.9 27.5 31.7 2.6 31.2 34.5
Poor 42.4 4.2 24.9 28.5 24.8 3.0 7.0 65.2 47.4 0.1 0.0 52.5

Note: Individuals are grouped into five equal income bins with low income = bin 1, median in-
come = bin 3, and high income = bin 5. Sources: HRS 1996-2006 for the U.S., SHARE 2004-2006
for European countries. Five Northern European countries are Austria, Germany, Denmark, the
Netherlands, and Sweden.
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Table C.5: Health Status Transition: Average of Five Northern European Countries (%)

Low income Median income High income
Age 65 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 0.9 48.5 43.7 6.9 1.1 59.2 30.6 10.1 1.1 53.9 29.6 15.4
Good 2.4 17.6 49.0 31.0 2.1 20.1 40.4 37.4 1.2 21.9 45.0 31.8
Poor 0.8 3.6 21.3 74.4 1.4 3.8 21.6 73.2 1.0 7.5 17.8 73.7
Age 75 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 1.0 51.3 33.8 13.9 5.8 48.0 31.2 14.9 6.5 45.3 32.9 15.3
Good 5.2 17.9 43.5 33.4 5.0 18.1 41.6 35.2 3.6 19.1 45.2 32.0
Poor 13.9 4.4 17.3 64.4 12.0 4.9 17.6 65.6 9.5 7.4 16.5 66.6
Age 85 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 0.7 44.9 29.1 25.3 16.6 33.4 29.4 20.6 21.8 31.9 32.5 13.8
Good 15.5 16.8 34.3 33.4 15.1 14.8 39.8 30.3 12.1 15.6 41.8 30.4
Poor 35.2 2.3 12.0 50.5 27.1 2.9 13.1 56.9 27.8 3.1 14.0 55.0
Age 95 Dead Exce Good Poor Dead Exce Good Poor Dead Exce Good Poor
Exce 0.7 35.4 27.7 36.2 22.2 18.8 29.9 29.0 35.0 18.4 32.1 14.4
Good 24.0 14.5 28.5 33.0 25.2 11.6 37.9 25.3 20.4 12.6 38.2 28.7
Poor 55.2 0.9 8.4 35.5 42.1 1.1 8.6 48.2 45.6 0.2 11.5 42.8

Note: Individuals are grouped into five equal income bins with low income = bin 1, median in-
come = bin 3, and high income = bin 5. Sources: HRS 1996-2006 for the U.S., SHARE 2004-2006
for European countries. Five Northern European countries are Austria, Germany, Denmark, the
Netherlands, and Sweden.
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D Comparison of Swedish and Nordic Health Transition Probabilities

The number of observed individuals, especially at older ages, in Swedish data is not large, par-
ticularly if we want to slice the data into different ages, income bins, and health statuses, to
estimate the health transition matrix which depends on these characteristics. While we im-
plement various pooling measures to overcome this issue, we want to know if the resulting
Swedish health transition matrix is robust. In order to answer this question, we build what we
call a “Nordic” health transition matrix, which is the simple average of health transition ma-
trices of four Northern European countries (Austria, Germany, Norway, and the Netherlands)
that are similar to Sweden in terms of dissaving profiles (see Nakajima and Telyukova (2016))
and Sweden. Tables C.4 and C.5 show the obtained health transition probabilities of Sweden
and the Northern European countries, respectively.

Figure D.1 compares characteristics of the Swedish health transition matrix (on the left) and
the Nordic one (on the right). Panels (a) and (b) compare how the health status distribution
changes over the life cycle, for Sweden and the Nordic countries. In both Swedish and Nordic
models, the distribution shifts towards poor health with age, but the degree of health deteri-
oration is less pronounced and closer to the U.S. counterparts (shown in Figure 5(a)) in the
Northern European model, which implies that Swedish households are more pessimistic with

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 21  25  35  45  55  65  75  85  95

P
ro

po
rt

io
n

Age

Excellent health
Good health
Poor health

(a) Health Distribution: Sweden

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 21  25  35  45  55  65  75  85  95

P
ro

po
rt

io
n

Age

Excellent health
Good health
Poor health

(b) Health Distribution: Nordic

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 21  25  35  45  55  65  75  85  95

P
ro

po
rt

io
n

Age

Health index (low income)
Health index (middle income)

Health index (high income)

(c) Health Index by Income: Sweden

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 21  25  35  45  55  65  75  85  95

P
ro

po
rt

io
n

Age

Health index (low income)
Health index (middle income)

Health index (high income)

(d) Health Index by Income: Nodric

Figure D.1: Comparison of Health Transition Matrices: Sweden and Northern Europe
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Figure D.2: Comparison of Swedish and Northern European Model

their own health status compared with Northern European and U.S. counterparts. Panels (c)
and (d) show how health status changes for different income groups over the life cycle. The
health index shown in Panels (c) and (d) takes the value between 0 (all individuals are dead)
and 1 (all individuals have excellent health) and represents the average health status of each
income group. We assign the value 1, 2/3, 1/3, 0, to excellent, good, poor, and dead health sta-
tus, and compute the average value across all individuals in the group. We can see that (i) the
health index deteriorates with age for all income groups in both Sweden and Northern Europe,
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(ii) higher-income individuals tend to have a higher health index especially before retirement
age, but (iii) the dispersion is smaller in both countries compared with the U.S.

Regardless of this slight difference in terms of dynamics of health, the effects on the wealth
decumulation profile turns out to be modest. Figure D.2 compares wealth profiles of the Swe-
den model (on the left) and the Nordic model (on the right), which is the same as the Swedish
model except for the health transition matrix, in various experiments implemented in the pa-
per. Comparison of mean and median wealth profiles (panels (a) and (b)) and the wealth per-
centiles (panels (c) and (d)) confirms that, regardless of the differences in health deterioration
pace with age between the Swedish and Nordic models, wealth decumulation profiles are very
similar. This is due to the fact that out-of-pocket medical expenses in Sweden and Nordic
countries (the Swedish medical expense shock is used) are low regardless of health status.

Panels (e) and (f) of Figure D.2 dig deeper into the implications of the different health transi-
tion matrices. These panels correspond to Figure 9(a) in the main text. Panel (e) shows the
U.S. model (blue), the Swedish model (red), the U.S. model with the Swedish health transition
matrix (green), the U.S. model with the Swedish health transition matrix modified to exhibit
U.S. mortality rates (purple), and the U.S. model with U.S. health transition matrix modified
to exhibit Swedish mortality rates (orange). Panel (f) shows the same set of experiments for
the Nordic model. If the health transition matrix is swapped to the Swedish one in the U.S.
model, wealth decumulation further slows down, since households have to keep more wealth
to pay for medical and non-medical expenses for longer periods late in life. This intuition is
confirmed when the U.S. health transition matrix is modified with Swedish mortality rates. If
U.S. mortality rates are retained, but household health decreases as with the Swedish health
matrix, wealth decumulation becomes significantly faster; households do not expect to live as
long as Swedish households, but they expect to and end up paying more as their health dete-
riorates faster than in the U.S. benchmark. Panel (f) shows that the Nordic health transition
implies qualitatively the same results as the Swedish health transition.
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E Model without Discount Factor Heterogeneity

While we assume discount factor heterogeneity in our baseline model, which is supported
by other studies, so that the model can match mean, median, and percentiles of wealth, re-
lated papers, including our own previous work, use a (retirement-only) model without dis-
count factor heterogeneity. In this Appendix, we estimate an alternative life-cycle model with-
out discount factor heterogeneity and present some results. Estimated parameter values are
β = 0.9695, σ = 3.8551, γ = 5.2121, ζ = 8, 651, and c = 5, 869. Since parameters are identi-
fied in the same way as our baseline model with discount factor heterogeneity, the estimated
parameter values are similar. β is higher in order to match both mean and median wealth to
a certain degree. Figure E.1 compares the estimated U.S. model to data. Figure E.2 compares
the Swedish model, which uses the same parameter values as the U.S. model but introduces all
the Swedish institutional features, to Swedish data. Figure E.3 contains the results of some of
the same experiments that we conducted for the baseline model. The results without discount
factor heterogeneity are close to those obtained using our baseline model with discount factor
heterogeneity.
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Figure E.1: Model without Discount Factor Heterogeneity: U.S. Model and Data
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Figure E.2: Model without Discount Factor Heterogeneity: Swedish Model and Data
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Figure E.3: Model without Discount Factor Heterogeneity: Experiments
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F Interpretation of Bequest Parameters

In this appendix, we follow De Nardi et al. (2010) and present a way to interpret bequest-related
parameters.20 In particular, we compute (i) the minimum level of wealth where households
start leaving bequests and (ii) the marginal propensity to bequeath, once the level of wealth
goes above the minimum level.

Assume a single (one-adult) household of age-I (last year of life). In the last year of life, by as-
sumption, future value consists only of the utility of bequest. The problem of such a household
can be represented as follows:

max
c,e

c1−σ

1− σ
+ βγ

(e+ ζ)1−σ

1− σ
(F.6)

subject to

e = (x− c)(1 + r), (F.7)

where c is last period consumption, x is the wealth holding at the beginning of the last period
(after paying medical expenses), e is the amount of bequests, and r is the saving interest rate.
By taking the first order condition with respect to consumption, we can derive the following
decision rule for the optimal amount of bequests:

e∗ =
1 + r

1 + r + Λ
(Λx− ζ), (F.8)

where Λ = (βγ(1 + r))
1
σ . From Equation (F.8), we can easily see that the optimal amount of

bequests is positive if x ≥ ζ
Λ

. Moreover, the marginal propensity of bequests can be calculated
as

∂ e∗

1+r

∂x
=

Λ

1 + r + Λ
. (F.9)

In our U.S. model, we have r = 0.02, β = 0.9673, σ = 3.8505, γ = 5.1554, and ζ = 8, 844. From
these parameter values, we can obtain the threshold value of x of $5, 797 and the marginal
propensity to bequeath of 0.60. For the estimated model of De Nardi et al. (2010), r = 0.02,
β = 0.970, σ = 3.84, γ = 2, 360, and ζ = 273, 000. These parameters imply that the thresh-
old value of wealth is $36, 225 and the marginal propensity of bequeath is 0.881. In both our
benchmark model and the estimated model of De Nardi et al. (2010), once the wealth exceeds
the threshold, the marginal propensity to bequeath is high (0.60 for us, 0.88 for them), but
our elasticity is lower, and our estimated bequest threshold ($5797) is lower compared with
that of De Nardi et al. (2010) ($36, 225). This is likely because we include both single and couple
households in building estimation targets, and thus households on average hold higher wealth
compared with De Nardi et al. (2010), who only include single households in their estimation
targets. We also include statistics of bequest distribution as targets, as can be seen in the main
text.
20 Appendix D of the working paper version of their paper.
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