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ABSTRACT

Individuals face significant late-in-life risks, including needing long-term care (LTC). Yet, they
hold little long-term care insurance (LTCI). Using both “strategic survey questions,” which
identify preferences, and stated demand questions, this paper investigates the degree to which a
fundamental lack of interest and poor product features determine low LTCI holdings. It estimates
a rich set of individual-level preferences and uses a life-cycle model to predict insurance demand,
finding that better insurance would be far more widely held than are products in the market.
Comparing stated and model-predicted demand shows that flaws in existing products provide a

significant, but partial, explanation for this under-insurance puzzle.
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1 Introduction

Long-term care is expensive and the need for it pervasive i@three 65 year old Americans will eventually enter
a care facility, with well-located and high-quality careteutially costing $100,000 or more. Put starkly, there is
about a 1 in 6 chance of needing at least three years of langd¢are (LTC). The resulting $300,000 (three years
times $100,000) to self-insure against this risk is larpantthe financial wealth of three out of four older American
households. Hence, it is striking that only a small fractedelderly Americans hold long-term care insurance (LTCI)
and that these policies account for only 4 percent of agtedgeC expendituré.

There is substantial uncertainty about the determinantsvobbserved LTCI holdings. It could be that there is
a fundamental lack of interest in insuring against this theadalization. There could be, however, substantial unmet
demand, with low LTCI ownership reflecting poor quality insace products. There are many features of the currently
available products that might be limiting demand, such daulterisk, premium risk, inflation risk, or the uncertain
and potentially adversarial claims process based on eggeimabursement. Understanding the source of the observed
low LTCI holdings is critical to determining the value of paotial changes—via government policies or private sector
products—to insuring late-in-life risks.

We investigate the motives generating late-in-life inegeademand in the Vanguard Research Initiative (VRI),
a newly-created panel study that includes batteries oftiqunsswe designed for this purpose. A key element of our
analysis is the estimation of a rich set of person-specifdgpences related to risk, bequests, and long-term care.
For each respondent—who differ in preference, financial, g@mographic variables—we use a state-of-the-art life-
cycle model to predict demand for insurance products. Tesasgeoples’ interest in insuring LTC need, abstracting
from the products sold in the market, we study a simple imstegroduct that does not have these negative properties.
Specifically, we model demand for “Activities of Daily Liwii insurance (ADLI), a state-contingent asset that dediver
wealth precisely when individuals have difficulties with ABand may therefore need long-term care.

Our main finding is that about 60 percent of panel membersavouichase ADLI, about three times the number
that actually hold LTCI, which is 22 percent in the VRI. Theimsted intensive-margin demands are also high for
those who purchase, averaging a $67,000 payout in any yeahich help is needed. The gap between modeled
demand and actual holdings is present across the wealthnancthé distribution, survives in more representative
subsamples, and is robust to reasonable loads, altermatidel specifications, and different estimation strategies
Furthermore, modeled demand is relatively price-inetaatid consumer surplus is often high. We conclude that there
is a significant “LTCI puzzle” in the form of a gap between adtholdings and estimated holdings in reasonably
calibrated models that match many dimensions of heterdtyeiWe also find the annuity puzzle in our sample (see
Yaari (1965, Modigliani (1986, Brown (2007), with modeled demand far in excess of holdings. Hencegund
insurance of late-in-life risks appears to be pervasive.

To what extent does the LTCI puzzle result from the yawningsoh between the better insurance product that
we model and those available in the market? To assess tha éxtehich poor features of available LTCI products
explain the puzzle, we posed stated demand questions irRhanWhich people directly report how much ADLI they
would purchase given the description of the asset and a. gtieace, the VRI has multiple observations on demand
for insurance against LTC risk: modeled ADLI demand, stad&l | demand, and actual LTCI purchases. The
modeled ADLI demand is based on a precisely-specified ptdduz precisely-specified circumstance. The stated

1SeeBrown and Finkelsteirf2008 for the likelihood of needing car&rown and Finkelsteirf2011) for LTCI ownership and aggregate
expenditures, anAmeriks, Caplin, Lee, Shapiro, and TongR0D14) for wealth statisticsGenworth(2016 calculates $92,378 as the average
cost in the U.S. for one year in a private nursing home room.



ADLI demand is based on the identical product, but for theviddal's actual circumstance. Differences between
them thus can be attributed to differences between modelédetual circumstance (e.g., availability of care from
family members), but not taste or product characteristiise difference between model and stated ADLI demand
represents the remainder of the LTCI puzzle after contrglior insurance product features. The actual LTCI purchase
reflects an individual's circumstance plus the charadtesi®f LTCI products available to them. Hence, the differen
between actual LTCI purchase and stated ADLI demand idesttfie role of insurance products’ availability and
quality.

We find that 31 percent of respondents have positive stateduiefor ADLI. Moreover, 44 percent of respondents
express a desire to insure the need for LTC by either owninglloF stating positive ADLI demand. This finding
closes about half of the gap between model predicted owipes$DLI and actual LTCI ownership. The agreement
between the model-predicted and stated demand measurest@sdsubstantially more interest in ADLI than LTCI.
Therefore, poor features of available LTCI substantiatintdbute to low insurance against LTC risk. Furthermore,
the workhorse model and estimated preferences capturethveefubstantial latent demand for insuring late-in-life
health risks.

This LTCI puzzle stands in stark contrast to the annuity fzior which the model grossly over-predicts the
fraction of the population that would demand annuities aodd much they would demand. This finding holds when
comparing either to actual annuity ownership or stated adeinalthough more people state demand for the high
quality annuity product than own an annuity. There seeme taoimething fundamental to the lack of annuity demand
beyond distaste for particulars of the annuity productdlavie in the market. Hence, our measurements suggest that
improvements in LTCI products have more potential to geieeslamand for purchasing insurance than improvements
in the annuity market.

Even in the case of LTCI, this better ADLI product does nolyfuésolve the puzzle as people state lower interest
than our model implies. We close the paper by analyzing tipebgaveen modeled and stated ADLI demand. First,
we show that the gap is concentrated among high wealth ohails. We then identify variables that predict this gap
related to the structure of the model, survey comprehenaimh private information about health.

Our analysis rests critically on purpose-designed surmsyruments. Particularly central are “strategic survey
questions” (SSQs) that are crafted to identify key prefezeparameters. Given their centrality, we dedicate sig-
nificant effort to verifying the quality of these SSQs. Astpaira broader process of quality control, we posed a
series of comprehension tests before allowing respondetsswer these questions. These were generally very well
answered. As a result of this and other tests of reason, wedwfidence that they were answered with deliberation
and honest purpose. Moreover, stepping back from the phatistructure of the model, the SSQ responses give a
coherent account of desire to insure against LTC risk. Médtréspondents indicated a desire to spend on themselves
when they need long-term care even at the expense of leagimglder bequest. Reliance on government provision of
long-term care via Medicaid is not seen as an attractiverat&e to private provision (as discussedRguly (1990
and similar toHubbard, Skinner, and Zeld€¢$994) and bequest motives do not overwhelm precautionary me®tiv
(Lockwood(2016 andKoijen, Van Nieuwerburgh, and Yog@016).

The introduction concludes with a literature review. Saw?—5 present background material, the framework for
analysis, and a description of the data. Sect®scontain all results. Specifically, Secti@mprovides an overview of
the long-term care insurance market. Sec8@nesents the model. Sectidintroduces the VRI and the key data items

2An essential feature that makes SSQs of value in model estimia that they are quantitative rather than qualitativethis sense, there
are analogies with the quantitative questions about Isgtieheered byusten1966 andManski(1990.



on which our analysis rests. Sectibliscusses strategic survey questions, including parandetetification, survey
instrument design, and response credibility and cohereBeetion6 details the estimation strategy, the individual-
specific parameter estimates, and economic interpretafitime estimated preferences. Sectiboontains the main
results of the paper by providing model-based estimatesmfaid for ADLI. Sectio8 presents stated ADLI demand.
Section9 contains the findings for annuities. Sectibhiconcludes.

1.1 Relation to the Literature

Long-term Care. As noted inBrown and Finkelsteirf2011), the need for long-term care is one of the largest unin-
sured risks facing the elderly and understanding the reafmnnon-insurance of this risk is a first-order issue in
improving household welfare and the economic and healtarggof elderly Americans. It is well understood that
there could be supply-side limitations on the provision ®CL Cutler (1996 discusses the difficulties of insuring
inter-temporal riskFinkelstein and McGarry2006, Brown and Finkelsteirf2007), andHendren(2013 document
evidence of adverse selection, afmijen and Yogo(2015 discusses the interaction of financial frictions and $tayu
regulation that affect the profitability of insurance offeys. There may also be significant demand-side reasons ex-
plaining the low holdings of LTCI, including crowding oubim government provided carB4uly(1990, Brown and
Finkelstein(2008) and means tested programs can have effects on both lovhvasal affluent household8i@aun,
Kopecky, and Koreshkovg20163). The perceived value of this publicly provided care igai@ty a determinant of
the demand for private LTCAmeriks, Caplin, Laufer, and Van Nieuwerbur(@011) estimated preferences reflecting
a sizable degree of public care aversion. Furtherméaekmann2015 documents that the low reimbursement rates
of Medicaid actually contribute to lower quality and lesgeative care in nursing homes, resulting in worse health
outcomes. Thus, there is ample reason to believe that pemehave a desire to purchase high quality convenient
care. We complement this body of work by developing measafrétee counterfactual demand for high quality private
insurance in a model with heterogeneous preferences aratrgoent provided care—isolating the supply from the
demand-side contributions to the low observed LTCI holding

Health-state Utility. Since demand for LTCI depends crucially on the desire to lvesalth in the state of the
world when help is needed with ADLs, we are intimately corteddo the literature that estimates health-state de-
pendent utility functions. Although health-state dependséility is not a new concept—around since at leagiow
(19749—this feature is increasingly being incorporated intorgitative evaluations of household decision-making.
Our approach uses stated preference survey methods, wdrighl@ments previous research using other techniques,
such as the health and consumption dynamics approdadlartl and Weisg1997), health and utility proxy dynamics
approach ofrinkelstein, Luttmer, and Notowidigd@013, and the compensating differentials approachvistusi

and Evang1990. Estimates vary on whether poor health increases or dezsehe marginal utility of consumption
(seeFinkelstein, Luttmer, and Notowidigd@009 for an overview). Even so, there is a limit to the appliciapibf
previous measures using a general poor-health state, estiogates may be highly contextual and LTC is a distinct
health state associated with different care, maladiesbahavior. Similar to our findings, work lyong, Pijoan-Mas,
and Rios-Rull(2015 uses panel data and Euler equations to estimate that lexedthigives higher marginal utility

at older ages. Most closely related to our approadBriavn, Goda, and McGarr{2016, who use a related survey
methodology to document the degree to which there existthhsiate dependent utility and find evidence of state
dependence and significant heterogeneity in preferenceghdfmore, the demand for LTCI is driven not just by
preferences in the ADL state of the world, but also by prefees in all possible health states. Thus, our work also
contributes to the literature estimating risk aversion bequest utility parameters.



Strategic Survey Questions. Survey measurement of model preference parameters wiasadibyBarsky, Juster,
Kimball, and Shapirq1997 who estimated risk tolerance using stated preferenceslatteries. The methodology
was refined inAmeriks, Caplin, Laufer, and Van Nieuwerburg®011) who called this approach strategic survey
guestions (SSQs). SSQs are central to the surveys of theigeth&esearch Initiative (VRI). They specify choice sce-
narios engineered to aid in estimation of a life-cycle madeVhich the ability to identify parameters using available
behavioral data is very limited. For these questions, athfoexpectations questions before them, one must establish
credibility using additional measurements. A particularavation in this paper is the extensive process for designi
SSQs, including detailed yet simple descriptions of thenades and explicit tests of subject comprehension (see
Sectionb).

This work forms part of a growing body of research that incogpes answers to theoretically-inspired survey
guestions in estimating structural models of importamt-tijcle choices. The pioneering work on expectations mea-
surement due tduster(1966 and Manski (1990 is designed with just such estimation possibilities in dnand,
following their lead, such data has been gathered by thetldeat Retirement Study in many domains (as discussed
in Attanasio(2015). van der Klaauw and Wolpif2008 make explicit use of HRS data on retirement and longevity
expectations in estimating a structural model of the lintmeen social security and the retirement and saving behav-
ior of low-income householddViswall and Zafa 2015 implement a specific information intervention and combine
it with belief measurement to separate informational framfgrence-based determinants of college major choice.
As the importance of measuring expectations has been Bingha realized, so the fundamental reasonableness of
numerical answers has been confirmbthfski 2004 and further improvements have been made in the design pro-
cess Delavande and Rohwedd@008. Specifically in the context of medical insurance demagakternich, Heiss,
McFadden, and Wintgf2013 show that hypothetical choice questions have predictoxegn on willingness to pay
and market shares that were later revealed in real Medi@ateDplan choices.

While different in structure from measurement of expeotatiand preferences, our approach is spiritually akin
to the work ofPaweenawat and Townse(2D12 on measurement of household and village financial accanmif
Attanasio, Cunha, and Jer\i2015 andAttanasio and Catta(2015 in the estimation of human capital production
functions. In both cases, as in ours, a complete theordtmalework was developed to guide the design of survey
guestions.

Life-cycle Models and Saving Motives. The determinants of LTCI demand are similar to the forcegmyilate-in-

life saving behavior. Thus, our work is closely related @ literature that uses life-cycle models to study the dyeami
of savings in old age. Many recent models that explain themes slow spend down of wealth in later life allow
for both bequest motives and precautionary motives agsacvaith high late-in-life health and long-term care (LTC)
expenses.Laitner, Silverman, and Stolyard2015 andBarczyk and Kredlef2015 provide analytically tractable
models that cleanly highlight the impact of different mesvon saving decisions. Late-in-life health risks induce
precautionary saving much like income risk does for workerg.,Zeldes(1989, Carroll (1997). Despite early work

by Hubbard, Skinner, and Zeldét994) andPalumbo(1999 suggesting that health expenses contribute only slightly
to late in life saving, more recent studies find such expetsége of greater importance. For exampBgurinchas
and Parke(2002 provide a decomposition that identifies the role of preiomatry saving in wealth accumulation.
Ameriks, Caplin, Laufer, and Van Nieuwerbur¢®@011), Kopecky and Koreshkovg2014), andLockwood (2016 all
model LTC expenses explicitly arlde Nardi, French, and Jon€2010 andKaoijen, Van Nieuwerburgh, and Yogo
(2016 allow for a health expense risk that includes LTC, with albifng that health expenses introduce a significant
precautionary saving motive. In previous woAmeriks, Briggs, Caplin, Shapiro, and TondR015 also examined



long-term care risk. In contrast to the environment studliethis paper, that paper studies saving dynamics using a
model with homogeneous preferences while this one estirtaie preferences differ individual-by-individual and
focuses on the demand for insurance.

Bequests have also long been accepted as an important saging, with Kotlikoff and Summerg1981) and
Hurd (1989 modeling and estimating their contributions to wealthuecalation. The bequest motive itself reflects a
variety of intergenerational linkages, from joy of givinglel and Warshawsky{1988) to strategic bequest motives
(Bernheim, Shleifer, and SummeiE085). A workhorse in modern quantitative modelardi (2004 introduced a
flexible end of life bequest functional form, and estimatéaxairy bequest motive for individuals with large financial
resources. Since both precautionary and bequest savirigasmaobuld drive observed saving behavior, in our paper,
we allow for flexible functional forms for both bequest andhie-related utility functions, and use SSQs to estimate
preferences and see how they contribute to insurance demand

In broad terms, our paper shares a key goal Wwgibson, Repetto, and Tobacm&007), De Nardi, French,
and Jone$2010, French and Jong2011), Ameriks, Caplin, Laufer, and Van Nieuwerbur¢2011), andLockwood
(2019, of estimating preferences of structural life-cycle mede understand the determinants of household financial
behavior. Given our focus on studying the demand for instgawe are closely related in method and purposéoiag
and Rios-Rul(2007), Inkmann, Lopes, and Michaelid¢2011), Hong and Rios-Rul{2012, Lockwood (2012, and
Koijen, Van Nieuwerburgh, and Yog@016 who all use life-cycle models with a rich specification oéfarences to
estimate demand for insurance products. A main differerite eur approach from the literature is that we identify
preferences using SSQs without targeting insurance owipersoments. By design, this estimation strategy does
not necessarily explain the lack of demand for insurancelyms by preferences, in contrastltockwood (2016
and Koijen, Van Nieuwerburgh, and Yog@016 that estimate preferences explicitly to match insuraraéihgs.

We view our approach as complementary to theirs for esthggireferences in general, but find our approach more
suitable for answering questions about the latent demanahfvailable insurance products when it is difficult to map
imperfections in existing market products to modeled iasue products.

2 The Long-term Care Insurance Market

The low levels of private LTCI ownership reveal that mostsutmers assign little value to LTCI products available
on the market. In well-functioning competitive insurancarkets, low demand indicates little desire to insure the
states covered by the product and, by extension, a relalivel desire for wealth in those states. Although this lack
of desire to insure could be caused by a perception thatgkésrinsignificant, public insurance crowding out private
insurance demand, or a low marginal utility of resourcedi@ihsured state, in the case of LTCI it could additionally
reflect substantial imperfections of private LTCI produdtsthis section we summarize features of the private LTCI
market that complicate separating a lack of desire to iniedDL-health state from a lack of desirability of availabl
products.

First, private LTCI policies are expensive, both in the eylesonsumers and relative to their actuarially fair value.
Brown, Goda, and McGarrf2012 survey consumers and find that the cost of LTCI was the moatwanly given
reason households decide not to purchase a policy, cited Ipeteent of people in open-ended responses and with
71 percent of people expressing concern about being abléai@ goremiums in the future. This perceived high
cost has basis in realityBrown and Finkelsteirf2011) note that a typical LTCI policy has a load of 32 cents on the
dollar, well above loads typical in other insurance markétsaddition,Brown and Finkelsteirf2011) estimate that
a “typical” policy purchased at age 65 and held until deatlul@nly cover about two-thirds of the total expected



present discount value of LTC expenditures.

The high cost of available LTCI policies can not alone expthie small market size howev@rown and Finkel-
stein (2007 note that existing policies do not differentiate pricesgander, resulting in better than actuarially fair
policies (average load of -6 cents per dollar) for femalesveitheless, coverage is approximately the same for males
and females, suggesting that other factors are also likghprtant in accounting for the small market size.

A number of other potential factors were raise@ubin, Crowe, Fisher, Ghaznaw, McCoach, Narva, Schaukwic
Sullivan, and Whitg€2014). For example, while most policies are guaranteed reneyabICI policy holders are sub-
ject to the important risk of an increase in required premiatas to maintain continuing coverage. If they cannot pay
higher rates, they can lose their coverage. Insurers caaisa premiums on individual LTCI policies in isolation,
but, subject to regulatory approval, they can increase ifasdveral well-publicized changes have increased) rates f
groups or classes of policyholders to reflect, among otlwtoifs, errors in actuarial underwriting assumptions. More
over, policy benefit triggers, especially for tax-qualifiefCl policies, can be restrictiveStallard (2011) finds that
about half of [the elderly] disabled population does not ntlee eligibility requirements for tax qualified LTC insur-
ance policies due to not satisfying either the Health InsteadPortability and Accountability Act’'s ADL trigger defini
tions or its cognitive impairment trigger. In additidRubin, Crowe, Fisher, Ghaznaw, McCoach, Narva, Schaukwic
Sullivan, and Whitg2014) cite current coverage portability and non-forfeiture yisions as limiting policy-holder
options. Furthermore, consumer perceptions of marketifest real or perceived, are likely importafrown and
Finkelstein(2007) note that “limited consumer rationality—such as diffigulihderstanding low-probability high-loss
events...—may play a role" in the small size of the market|eMBrown, Goda, and McGarr{2012 find that LTC
coverage is highly correlated with beliefs regarding ceyprty risk.

Another potentially undesirable feature of available LTglicies is mismatch between expenses households
would like to insure and those covered. Typical policiesvfate for institutional care and home care with a maximum
daily benefit (on average $153 in 2010) for a maximum benefibgef 1 to 5 yearsBrown and Finkelsteir§2007)).

On one hand, restrictions on use of funds may discourage rténféor example, some individuals might prefer to
have a family member provide carBrpwn, Goda, and McGarr{2012), an option that is not possible in many
policies. Additionally, restrictions on the benefit periody discourage private insurance purchases. Most policies
have a deductible of 30 to 100 days of out of pocket care békenefit payments can begir.onger stays that exceed
the maximum benefit period, which could occur in cases of tivgrdecline, dementia, and Alzheimer’s disease, are
not covered. Thus, most existing policies neither insueentiost common nor most expensive stays in nursing homes.

In addition to being under-developed in many ways, the peid Cl| market actually appears to be regressing.
Following substantial growth of the market during the 19808 1990s, between 2003 and 2010 individual policy
sales declined by 9 percent per year and the number of firisgséieaningful policies” decreased from 102 to
approximately a dozen. This significant retraction wasadritay decisions to stop issuing new policies, with exiting
firms citing high capital requirements, poor profits, re¢ma hurdles surrounding rate increases, and difficulty mit
igating investment risk as reasons for exibhen, Kaur, and Darne(R013). While private LTCI policies are still
available for purchase, this rapid retraction in marke¢ sigght not instill confidence in consumers.

A number of policies have in recent years attempted to exffamgrivate LTCI market. A limited federal subsidy
was offered beginning in 1997 and between 1996 and 2008 tbewuof states offering tax incentives for private
LTCI purchase had increased from 3 to Zlo@da(2011). The Community Living Assistance Services and Supports

*Medicare pays for the first 20 days and subsidizes the nexa§8 df a stay at a skilled nursing facility or home health dareertain
instances.



(CLASS) Act created a publicly funded federal LTCI prograssigined to make LTCI available to individuals who

private insurance companies would not underwrite, but ldnis was repealed in 2013. In addition, the National

Association of Insurance Commissioners (NAIC) implemént&Cl Model Regulation to protect consumers from

unexpected premium increases in 2000 and voted to requeedeagrjustification for proposed rate changes in 2014.
Overall, these efforts appear to have been at best moddfgityiee in growing the private LTCI market.

In summary, from the consumer perspective LTCI may not baciive because of high prices, an adversarial
claims process with uncertainty around the ability to saesfidly claim, limited contract coverage options, and the
risk of increased premiums. Many firms have reported that tleenot find LTCI to be an attractive product to sell,
referencing capital requirements, regulatory hurdled,difficulty in hedging associated risks. Although it is bago
the scope of this paper to determine why the private LTCI miasskems under-developed, adverse selection or public
crowding-out are commonly cited reasons for the marketifai(see, e.gCutler(1996, Hendren(2013, Koijen and
Yogo (2015, andBraun, Kopecky, and Koreshko¢a0161)).

The state of the LTCI market raises the question of how tapné low LTCI holdings, limiting the ability to
separate a lack of desire to insure LTC expenses from a ladksife to purchase seemingly poor quality products.
Thus, the map between existing products and modeled pmadtculd be accounted for when inferring preference
parameters from observed LTCI holdings. Analysis is furtbemplicated by multiple product flaws because, as
noted inBrown, Goda, and McGarr{2012, “a policy intervention that addresses only one marketttition, such
as pricing, without addressing other concerns, such ageqanty risk, is unlikely to increase demand dramatically
For the remainder of this paper, we therefore abstract freaiiadble LTCI products and study demand for ADLI, a
type of LTCI that takes the form of a simple state contingesstea without the above noted product imperfections.
Focusing on ADLI allows us to quantify the fundamental dech&r insuring this health realization and the value
of creating such an insurance product, abstracting fronmstipply-side barriers to its creation and complications
associated with holdings of existing LTCI contracts.

3 The Model

This section uses the consumer choice model as first presan#dmeriks, Briggs, Caplin, Shapiro, and Tonetti
(2015, who use the model to study saving and spending in a modkla@imogeneous preferences. The model is
a modern incomplete market heterogeneous agent life-cgrisumption/saving problem with health and longevity
risk, similar to that, e.g., iDe Nardi, French, and Joné2010 andLockwood(2016. Since the key methodological
contribution of the paper is identification and estimatidémich preferences at the individual level—including desig
and measurement of the necessary associated survey datmbee these preferences within a state-of-the-art model
otherwise similar to those used in the recent literature.

The model considers individuals who are heterogeneousveselth, income age-profile, age, sex, health status,
and preferences. An individual's health status can eitkeegdnd health, poor health, needs help with the “activities
of daily living” (ADLs), or dead. Needing help with ADLs is fieed as needing significant help with activities
such as eating, dressing, bathing, walking across a roothgetting in or out of bed, and is commonly regarded as
provoking need for long-term care. Health status evolvesming to a Markov process conditional on age, gender,
and prior health status. Individuals start at age 55 andtbvibe at most 108 years old. Each period individuals
choose consumption, savings, and whether to use govermmaentThe model groups people into five income groups



with deterministic age-income profilésEach individual has a perfectly foreseen deterministioine sequence and
receives arisk free rate of return(df+r) on savings. The risk free return is calibrated to a baselperdent, although
Section7.3.1shows that results are robust to allowing for a 3 percent rEtte only uncertainty an individual has is
over health/death.

When in good or poor health, consumers value consumptioordicg to standard CRRA preferences with pa-
rametery > 0:

A=

1—7

Utility associated with consumption levelwhen in need of help with ADLs is

—y (C+ RADL)I_’Y

(0apr) T

To capture the fact that private LTC provision is a lumpy aastly expense, we model a minimum level of spending
needed to obtain private LTC, i.e:,> xapr, when help with ADLs is needed. Finally upon death, the irdinail
receives no income and pays all mandatory health costs. éngining wealth is left as a bequéstwhich is valued
with warm glow utility

— (b + Iibeq)l_fy

(Qbeq) 1—~

Both ADL state and bequest utility are each governed by twakeameters andx. 0 scales the marginal utility
of an additional dollar spent andcontrols the degree to which the expenditure is a luxury @aessity by deviating
from homotheticity. An increase ifhdecreases the marginal utility of a unit of expenditure;remdase irx indicates
that expenditure is more of a luxury. Negatiwean be interpreted as the expenditure being a necessity.

The consumer has the option to use a means-tested goverprogitted care program. The cost of using gov-
ernment care is that a consumer forfeits all wealththe consumer chooses to use government care when not in the
ADL health state, the government provides a consumptiom,flos wg. A person who needs help with ADLs has
access to government-provided care that is loosely bas#uednstitutions of Medicaid. If an individual needs help
with ADLs and uses government care, the government provides);. The valuey parameterizes the consumer’s
value of public care, since that parameter essentiallyriaiées the utility of an individual who needs help with ADLs
and chooses to use government care. There is no borrowidghametiree cannot leave a negative bequest.

Let wealth bex € [0, 00), income age-profile bg € {y1,v2,...,ys5}, age be € {55,56,...,7 = 108}, gender
beg € {m, f}, health status be € {0, 1,2,3} (0 = good health, 1= poor health, 2= needs help with ADLs, ard 3
death), health cost bie, andG € {0,1} be the government care indicator. Then, written recungitee consumer

“The model abstracts from labor supply decisions, includ@ijement. These labor market decisions are taken intousmtahrough the
exogenous income profiles. See Appendli for details.
5This is a parsimonious way to model that public assistanoelisavailable to people with sufficiently low financial resoes.



problem is:

Via,y,t5,h,9) = max Tz (1= G) {Us(e) + BEV(d,y,t + 1,5, W)}

+ Lz G {Us(wa,va) + BE[V(0,y,t + 1,5, 1)} + Ts=3{v(b)}
s.t.
d=01-G)|1+r)a+yt)—c—h]>0
c>xapr If (G=0 A s=2)
c=9Yq if (G=1ANs=2)
c=wg if (G=1A(s=0V s=1))
b=max{(1+r)a—n", 0}

= _(e+kapp) T
US(C) = HSG{O,I} 11— ~ + Ts—2 (QADL) 7 ( 1 _D,s)
_ (b + Kpe )1_7
’U(b) = (Hbeq) 7 ﬁ

See “Vanguard Research Initiative Technical Report: Ltargy Care Model” for further description and computation
of optimal decision rule8.

Together®; := {v,04pL, kaDL, Obeq, Kieq: Y } define an individual’s preferences over risk, expenditaréhe
ADL-state, and bequests. Depending on the estimated vatube individual level, some people may have a strong
desire to leave a bequest, some might care strongly abournghi@rge savings when in need of help with ADLs, and
others might prefer spending while healthy. Together tipesterences, demographic and financial variables, and the
estimated health and longevity risks, determine demanditl. The key challenge is estimation &f;, especially
because the typical wealth data used to identify such medeis are weakly informative. A main contribution of this
paper is estimation @d; using new data and methods as described in the next fews&ctio

4 Sample and Data Overview

4.1 The Vanguard Research Initiative

This paper draws on the newly developed Vanguard Reseaitistiie (VRI). Respondents are Vanguard clients
aged 55 and older who agreed to participate in up to threeegsirvThe sample has been stratified across two of
Vanguard’s major lines of business—individual accountsmtirement accounts through employers. The survey pro-
tocol involves a number of elements to maintain particigarmgagement: periodic updates; an electronically delivere
“Dillman letter” (email) prior to each survey; an email witfie survey link; and up to three reminders.

Since the surveys involve innovative measurement, not @dgarch economists and research psychologists, but
also survey experts at Vanguard and IPSOS contributectalhjtito their design, as further detailed below. The
resulting design involves testing and improving questieits cognitive interviews carried out at the Survey Researc
Center at the University of Michigahln addition, a set of initial respondents is designated epilot sample. A pilot
version of each survey is fielded to this sample to test abespf the design. The pilot includes a scripted electronic

5The non-concavity of the value function and the discontinini the optimal saving policy introduce computational gdirations. We use
a modified endogenous grid method, building on insights fratha (2014.

’In these interviews, respondents are shown internet stmgéguments and given personal interviews to assess tbeiprehension and
interpretation.



real-time chat with a subset of respondents using a pop-gpview with questions similar to those used in the
cognitive interviews. The survey that the production sampteives reflects findings from the cognitive interviews,
pilot survey responses, and the online chats from the pilot.

This paper uses data from the first three completed VRI sar{fey links to all surveys see
http://ebp-projects.isr.um ch.edu/ VR /survey_ overview. htnm ). VRI Survey 1 introduces
novel methods for measuring household portfolios of asseislebts. The pilot was conducted in June 2013, followed
in August 2013 by the production sample. Because surveysomducted via the internet, respondents must possess
a valid email address and have logged onto Vanguard’s veelibin the last six months. Additionally, we required
total assets at Vanguard of at least $10,000. Respondeeised an incentive for participation in each survey in the
form of sweepstakes for prizes such as an iPad, as well aslbrsoretary payment for completing all three surveys.
Respondents also indicated a willingness to respond irr docied and participate in a scientific endeavor.

We make essential use in this paper not only of the financidl demographic data from Survey 1, but also
data from Surveys 2 and 3. Survey 1 measures all of the statbhes of the model for each respondent (wealth,
income, age, gender, and health status). Survey 2 has anitsrahe key SSQs that identify preferences and the
stated preference questions. It was piloted in October 2@i8the production version in January 2014. Survey 3
gathers information on family structure as well as withamily inter-vivos transfers. The pilot was conducted in
May 2014 and the production version in August 2014. The sarti@t we analyze in this paper consists of single
respondents who completed all three surveys and providedes to all necessary survey questions. Knowing in
advance that singles would be better suited for researc¢tities not directly model family interaction, singles were
over-sampled when constructing the VRI. The sampling mloee and comparison of the VRI to the broader U.S.
population is detailed ilAmeriks, Caplin, Lee, Shapiro, and Tong&014). In that paper it is shown that the VRI
sample is wealthier, more educated, more married, andnierathan the U.S. population through comparison to the
Health and Retirement Study (HRS). The employer-based V&hbers, however, have wealth and demographic
profiles that align reasonably with the correspondinglydiboned HRS.

Wealth and Income

Mean ~ 10p  25p  50p 75  90p
Wealth 715,655 115,000 271,731 545,935 1,021,443 1,602,000
Income 62,990 17,155 33,725 56,000 85,000 119,019

Demographics

Age Health Gender

55-64 65-74 75+ Good Poor ADL Male Female
N=1,086 36.4% 43.2% 20.4% 94.6% 4.4% 1.0% 44.4%  55.6%

Table 1: Summary Statistics on Wealth, Income, Health, Ageand Gender: This table presents the marginal distributions of
wealth, income, and demographic characteristics of thgkaosed in this paper. Individuals in this sample completethree
surveys and answered all necessary survey questions. fifpestor this paper is composed of single (unmarried) hoolsksh
so it is a subset of the VRI.
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4.2 Demographic and Financial Data

Summary statistics on wealth, income, health, age, andegdéadthe sample used in this paper are included in Table
1. The measure of wealth used is total net financial wéalticome is defined as the sum of labor income, publicly
and privately provided pensions, and disability incorAeneriks, Caplin, Lee, Shapiro, and Tond014) gives an
exhaustive account of the definition, measurement, andremtisn of all variables.

4.3 Health and Mortality Risk

In addition to using the financial and demographic data froen\{RI, we estimate age and gender specific Markov
transition matrices across health states using the papettef HRS data. We use a subsample of the HRS that is
conditioned on the same selection criteria as those egtéiaVRI. Individuals are defined as in good health if they
report health being good, very good, or excellent, and dieetto be in poor health if they report health being poor
or fair. A person is classified as needing help with ADLs ifytlist that they need significant help with at least one
ADL and if they also receive help with that task. See Apper&lik for details.

To highlight the magnitude of LTC risk, Figutkepresents the distribution of the number of years spent ngedi
help with ADLs for healthy men and women at various ages. Thedis have several striking features. First, although
most individuals will need help with ADLs at some point in ithéfe, approximately 50 percent of males and 40
percent of females will not need any help with ADLs while alivSecond, there is substantial risk of spending
extended time in need of help with ADLs. For men, approxitya®3 percent will spend three or more years, 16
percent will spend four or more years, and 11 percent wilhdpéze or more years needing help with ADLs. For
women this risk is even larger, as approximately 31 percéhspend three or more years, 23 percent will spend four
or more years, and 17 percent will spend five or more yearsimgéelp with ADLs. Given that the average cost of
one year in a nursing home is $84K, this substantial proibatf needing care for many years highlights the large
magnitude of LTC risk.
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Figure 1: Years Needing Help With ADLS: Panel (a) presents the distribution of the total number afyef life spent needing
help with ADLs for a 55, 65, and 75 year old male currently inddnealth according to the estimated health transitioniratr
Panel (b) presents the corresponding figure for females.

8This is the sum of IRA, employer sponsored retirement, cimgglsaving, money market, mutual fund, certificate of dépbsokerage,
and educational related accounts plus the current cash {iakny) of life insurance and annuities.
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4.4 Family Transfers, Expectations, and Insurance Holding Data

In the analysis that follows we make use of data in additioth¢se identified above. Specifically, from Survey 2 we
use data on expectations of longevity and on the probalafityeeding help with ADLs in the future. We also use
data indicative of prior insurance holdings, in particuldrether or not the respondent owns any LTCI. From Survey 3
we use data on family transfers, the respondent’s numbdrildfren, and the probability that a family member would
be the main caregiver if LTC were needed. We also use answersategorical question concerning the perceived
quality of public long term care relative to a typical prigatursing home, as well as beliefs about the cost of a year of
care in a typical private nursing home in their commu#ity.

5 Strategic Survey Questions

The key idea behind strategic survey questions is that taersome choices that individuals might never face, but
that would be very revealing of preferences if only such chalata were observed. SSQs ask respondents to make
such choices hypothetically, by placing respondents ioretecally motivated scenarios that are significantly more
detailed and structured than those in typical stated mrbéer questions. This paper makes use of nine variations of
four SSQs asked to each survey respondent. Since these &S&idlee heart of this paper, we dedicate this section
to detailing the SSQ identification strategy, survey insgent design, and the validity and coherence of responses.

To illustrate how SSQs work, imagine we want to know a perssaoéfficient of relative risk aversion (CRRA).
One approach would be to directly ask “What is your coefficighrelative risk aversion?” on a survey, but that
is obviously unlikely to be fruitful. The task for a surveydiigner is to write a question that is precise enough to
elicit quantitative information about the respondent’'sR¥R but in a simple enough format that the respondent can
understand. Since the CRRA has strong implications on #uetoff between risky lotteries and certain amounts of
wealth, recording an individuals choice when offered elgtior a set amount of money would be informative about
the value of their CRRA. This is a way of phrasing a questiaat tion-economists can answer that still provides
a direct map from response to structural parameter of isiteréhe SSQs in this paper adapt this logic to more
complicated scenarios: when the difference between owsasmot just the realization of a random variable, but also
the utility function associated with different states of thorld, when the choice is not contemporaneous, but would
be made in the future with accompanying details about the stahe individual in that future, and when the choice
environment is subject to restrictions not likely to be fhde reality. Each SSQ is designed first as a well-defined
optimization problem, such that the optimal policy is a maggrom preference parameters to an allocatidihen,
an internet-based survey instrument is designed to présisnthoice problem in verbal form such that it is easy for
respondents to understand the question and easy for theapdd their choice.

Below we describe in detail how SSQs are designed to ideptéyerence parameters by construction, how the
survey questions were designed to help respondents uadériie situation and choice while trying to make the
verbal problem adhere as closely as possible to the mattgpnohow the survey instrument was designed to help the
respondent record their choice, and some checks that thensss are logically intelligible.

°In regressions, the few missing observations related tailffa@are Probability and Predicted Average Cost of ADL Canening from
attrition between Survey 2 and 3 are addressed via dummahtas for missing observations.

Owhile the SSQs were designed with specific functional formsind and while we use these functional forms to producenestis of
preference parameters, they provide valid informatioruapeeferences much more generally.
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5.1 Identification

Identification of utility function parameters is achievey matching survey responses with optimal responses to a
mathematical representation of the SSQ questions. Sieceptiimal policies are functions of preference parameters,
we map the SSQ responses to parameters by inverting theadgoticy function. The text of the third type of SSQ
(SSQ 3) asks individuals to split wealtli between spending on self in the last year of life when help WiDLs is
needed versus leaving a bequest. For exposition, we sketaldntification argument fak,., and s, using SSQ 3
assuming thay, 0 4pr,, andk 4pr are known. A mathematical representation of SSQ 3 is theviitig optimization
problem, in which each type of expenditure is valued withstade-specific utility function:

(21 + kapr)' ™"

- -
Iglli}; (HADL) 1_ ~ + (ebeq) 1— ~ (1)
St. z21+2<W
21 > 0; 22 > 0.
The optimal allocation rule is given by
0 if (ebeq (W + Kbeq))_ﬁf - (HADL /{ADL)_PY >0
21 = 14 if (HADL (W + "QADL))_’y - (ebeq Kbeq)_fy >0 (2)
Opeq (W+Kpeq)—0aDLEADL :
G ant e otherwise.

Conditional ony , 84pr, andx apr, the interior response is linear in wealth, and thyg andx., are identified by
two interior responses to the question posed at differemttivéevels, 1. Because SSQ 3 is fielded for variants at
three different wealth levels (and these parameters alpactithe response to SSQ 4), the system is overidentified.
Identification of other parameters from the remaining SSflleW a similar argument mapping survey responses to
the optimal responses of the mathematical representatitime §SQ question. These responses identify all relevant
structural model parametets The optimization problem and optimal allocations (as a fiemcof preference param-
eters) corresponding to each SSQ is presented in “Vanguesddrch Initiative Technical Report: Long-term Care
Strategic Survey Questions”.

5.2 Design of SSQ Survey Instruments

Since SSQs require respondents to comprehend and imagin@ecoscenarios, their design involved rich interaction
with early respondents who were subjected to cognitiveniteeys and various respondents to the pilot who were
themselves subjected to interviews structured by the pdgglsts on the research team. On their advice, we broke
qguestions up and presented them in four parts to ease coemsieh. We illustrate this four part process in the
context of a particular SSQ (SSQ 3) related to the tradedffiden expenditure when in need of help with ADLs
and leaving a bequest, starting with the introduction ofghbject of interest and the scenario itself. To reinforce
the definition of needing help with ADLSs, respondents wexeigia comprehension test on the definition prior to this
SSQ. Furthermore, we make the definition available in a houtton whenever *ADL appears.

"The parameterss andg are not identified by any of the SSQs, and thus are calibratsthhdard values from the literature.
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We are now going to ask about a different situation where yeuotder and definitely need long-term care. In this
situation, you are asked to make tradeoffs between spewndiggur long-term care and leaving a bequest. This scerario i
hypothetical and does not reflect a choice you are likely gvéace.

Suppose you are 85 years old, live alone, rent your home, apdlpyour own bills. You know with certainty that yoy
will live for only 12 more months and that you will need helptwvfrADLSs for the entire 12 months.

You have$100,00¢hat you need to split into Plan E and Plan F.

e Plan E is reserved for your spending. From Plan E, you wilkdieepay all of your expenses, including long-term

care and any other wants, needs, and discretionary puchase

e Plan Fis anirrevocable bequest.

Immediately after the scenario is presented, respondeatpravided with a summary of the rules that govern
their choice. This recaps the previous screen but is predenta bulleted, easy to read format. In addition, some
features that were hinted at in the first screen, e.g., tieattis no public care option and that determination of which
plan pays out is made by an impartial third party, are statpdaitly.

e You have no money other than the $100,000.

e Other than Plan E, you have no other resources availablepontin your long-term careYou have to pay for any
long-term care you may need from Plan E.

e No one—including friends or family—can take care of you fard. Long-term care must be purchased at market
rates.

e Any money in Plan E that you do not spend cannot be given awbsftas a bequest.

e Bequests from Plan F are not subject to any taxation.

e Once you make your choice of plans, you cannot change howpldwysur money.

e You have full insurance that covers all of your hospital, tdocand medications, but you have no long-term care
insurance.

e There isno public-care option or Medicaid if you do not have enough money to pay for a nursing home orothe
long-term care.

To further reinforce details of the scenario and obtain ajtezive measure of understanding, we ask the respon-
dents to answer a sequence of comprehension questionsll B&@ questions, these comprehension questions are
introduced with:

Again for research purposes, it is important to verify yonderstanding. We will now ask you a series of questigns
(each question no more than 2 times). At the end we will give §@ correct information for any questions which yaqu
haven't answered correctly just to make sure that evergtisiclear.

When answering these questions the respondents do not teessao the screens describing the scenario, but
have a chance to review the information before retrying armssed questions a second time. If they fail to answer
guestions correctly a second time, they are presented dtledrrect answers. The questions asked for this and the
other SSQs verified the understanding of the ADL state, wiekkact tradeoffs in that question were, which plan
allocated resources to which state, what restrictionethex on the use of funds, and the nature of the claims process.
Because respondents who make errors review the scenanedretheir first and second attempt, they get to reinforce
those aspects they failed to understand the first time tihrbedfpre reporting their demand.
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Having measured and reinforced understanding, we askpdndsnts to split their wealth between the two plans
after again presenting them with the original scenario actuding a link in the top right corner to the full scenario.
The actual division of money involved a custom-designedrfate that presents the trade off as clearly as possible.
Specifically, we use an interactive slider that presentpéyeffs in different states of the world. This payoff chasge
as the slider is moved, allowing respondents to observe hew thoice is impacted by moving the slider. Text
is included instructing the respondent how to allocate mpdnemoving the slider, as well as what their allocation
implies about resources available for different uses. Kaetepresentation can be seen in Figire

Vanguard

Section 1 Section 2 Section 3 Section 4

Click here for complete scenario

Please make your decision on splitting money into Plan E and Plan F by clicking on the scale below. To put more money in Plan E, move the
slider to the right. To put more money in Plan F, move the slider to the left. The numbers in the box will change as you move the slider to let
you know how much you will have to spend and how much you will leave as a bequest.

Please move the slider to see how it works. When you are ready, place the slider at the split you want and click NEXT to enter your choice.

Plan E
Plan F 450,000
450,000
You will have the
You will leave the above amount during
above amount as an the next year when
irrevocable bequest. you need help with
ADLs.

Figure 2: SSQ Response Slider

When the slider first appears, it does not have an allocatitected. It is only when respondents themselves
click on the slider that any allocation is shown. To furthangben possible anchoring and status quo bias, we ask
respondents to move the slider at least once, which helpg@lslarify the connection to the chosen allocatidrni
key benefit of the slider is that it embodies the tradeoff amustraints of the choice problem, so that the respondent
can experiment with them.

Having spent such a long time setting up the scenario andgaimhmprehension, we stayed within the scenario
and asked respondents to make new choices with differenagoeparameters. In the above question, answers were
gathered not only concerning division of $100,000, but als$150,000 and $200,000.

In addition to this SSQ, we posed three other SSQs.

e SSQ 1 asks about willingness to take a risky bet over annymreiture, using an analogous survey guestion

and identification strategy to those developedarsky, Juster, Kimball, and Shapi@997 and Kimball,
Sahm, and Shapir2008.

2patterns of slider movement provide additional evidencdediberation in the survey responses. To alleviate conabout anchoring
effects for which individuals might settle immediately dwir first chosen allocation, an analysis of click pattetmsas that most respondents
followed our suggestion and moved the slider before finadizheir choice. Regressions show that initial clicks hittie predictive power for
final answers, further suggestive of deliberation.
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Scenario Preference

Question Objective Parameters Parameters
SSQ1 Lottery over A (W) = 22 RW)Y 4 22 (1 - )W) (@) W = $100K v
spending (b) W = $50K
1— —y ) —
SSQ 2 Allocation max,, 5, w3 + (1 — ) Qure)Gatrize) (@)W = $100K, 7 = 0.75 v, 0apL, kADL
between ordinary and (b) W = $100K, = = 0.50
ADL states (c) W = $50K, 7 = 0.75
_ 2otk 1=
SSQ3 Allocation max., ., (Opre) " Gt (g, )7 L) (@ W = $100K 3 OADLs KADL
between ADL and (b) W = $150K Obeqs Kbeq
bequest states (c) W = $200K
. — N S* 4k 1=y . .
SSQ 4 Indifference between W*: (6pr¢)”" % + (Opeq) ™" % = (a) Public Care Available +, 04pr, kapr,
_ Sty )Y
public and private LTC (Opro) ™ el 4 g, N % Obeqs Kbeqs VG

Table 2: Link between parameters and SSQsThe first column briefly summarizes the tradeoffs, while teeasid lists the
underlying optimization problem. The third column listashquestion parameters were changed for different variatodreach
SSQ, wherdV is wealth andl — 7 is the probability of needing LTC. The in SSQ 4 is the optimad, function calculated in
SSQ 3. The fourth column lists the parameters that deteraptimal responses in the model.

e SSQ 2 asks individuals facing uncertain future health tocalle wealth to states either when healthy or when
in need of help with ADLs.
e SSQ 4 asks individuals how much wealth they would need to maweder to purchase private LTC instead of
using government provided care.
A brief summary of these SSQs and their variants is present€able2. For all of the SSQs, the survey instruments
have the same structure as that described for SSQ 3: stdteftbe scenario and rules, comprehension-verification
guestions, restatement of the scenario, and slider viai@ln for recording responses. In “Vanguard Researchainit
tive Technical Report: Long-term Care Strategic Surveysflars” we present the text for each SSQ, including all
rules and a full list of comprehension questions. The resaflthese comprehension tests are summarized in the next
section.

5.3 Credibility of SSQ Responses

We present three forms of evidence to assess the credibilitye responses. First, we present results of key com-
prehension tests. Second, we report responses to theansedésigned directly to assess how well the respondents
felt they had understood and internalized the SSQs. Fina#yanalyze the internal coherence of responses and their
relationship to important correlates.

5.3.1 Comprehension Tests

As indicated above, we included direct comprehension teatsespondents attempted at most twice. In the case of
SSQ 1, there were 6 such questions in total. About 50 peréeaspondents answered all questions correctly on their
first attempt, with 75 percent doing so after their seconehatt, and more than 90 percent making at most one error
after the second attempt. Analogous tests were presenteddb set of SSQs, with performance presented in Table
3. In practice, comprehension may be even higher than the tatlicates, since important aspects of the scenario are
reiterated when respondents make their final decisiong;hwingcurs after the tests have been completed. In Section
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8.3we analyze if differences in comprehension are systenilgticdated to ADLI demand.

SSQ1 SSQ2 SSQ3 SSQ4

Number of questions 6 9 3 2

Percent all correct,! try 46.2 18.5 55.3 77.3
Percent all correc™ try 75.1 554 81.9 94.1
Percent< 1 wrong,2"% try  93.4 80.8 96.1 99.5

Table 3: SSQ Comprehension QuestionsWhen introducing each survey instrument, we asked a sefiest questions that
examined respondents knowledge of and reinforced detbdaah scenario. Statistics on the number of correct regsoae
presented in the table.

5.3.2 Respondent Feedback and SSQ Design

The SSQ design process incorporates several forms of feledbat provided us with opportunities to improve the
survey prior to fielding to the production sample. In additim survey design feedback obtained as a result of
cognitive interviews, we also gathered feedback from sediive chat pop-up interviews with a subset of the pilot
sample. The live chats provide feedback in free response dorissues that may trouble respondents. In addition to
asking respondents for their overall reactions to the sipiwe posed specific questions about each SSQ, with broadly
encouraging and informative results.

Additionally, a subset of the live chat questions were pdedtie full production sample at the end of the survey.
As shown in Tabled, nearly 90 percent of respondents found the tradeoffsreiiry clear or somewhat clear. Fur-
thermore, more than 80 percent indicated that they weretalgiace themselves in the hypothetical scenario either
moderately or very well. There is also a significant and ggéng difference, with evidence that it was harder to place
oneself in the scenario and answer from that perspectiveithveas to comprehend the question. This difference in
difficulty is consistent with our prior, and is suggestivehofv seriously respondents took their charge. Finally, more
than 80 percent had given the underlying issues at leasteathibught before taking the survey.

In broad terms, concerns about hypothetical survey questian be grouped in to respondents either not under-
standing the scenario and questions or respondents natingpanswers that coincide with what their actions would
be if the situation was realized. The specific comprehengimstions are designed to measure respondent under-
standing of the scenario and tradeoffs. In our sample, cehgmsion is very high, alleviating concern about a lack of
understanding the scenario. The general comprehensiationgare designed to measure the ability of respondents
to answer from the perspective of the hypothetical. Althoomre suggestive than quantitative, these indicate a clear
understanding of the tradeoffs, and an ability to think Hizptically, even though they acknowledge that thinkingf as i
in the hypothetical is more challenging than understanthiegscenario. Furthermore, even if the actions are not those
that respondents would actually take if the scenarios alzesl, these are their current views of their preferences,
which are driving their forward-looking behavior today.

5.3.3 Coherence

As Manski (2004 stresses, one necessary criterion for judging resporseaseaningful is internal coherence, i.e.,
responses should not be self-contradictory across questione indication of internal coherence derives from ana-
lyzing the pattern of correlations in survey responses. $&3Q 2, and SSQ 3 were each asked to all correspondents
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Overall, how clear Overall, how well were How much thought hal you

were the tradeoffs that you able to place yourself given to th issues that the
the hypothetical scenarios in the hypothetical scenarios ypothetical scenarios highlighted

asked you to consider? and answer these questions? beforditag the survey?
Response Percent Response Percent Response Percent
Very Clear 51.7 Very Well 23.0 A lot of thought 29.5
Somewhat Clear 39.7 Moderately Well 60.5 A little thought .2
Somewhat Unclear 7.4 Not very well 14.2 No thought 18.4
Very Unclear 1.1 Not very well at all 2.2

Table 4: General SSQ Comprehension QuestionsEach respondent was asked each of the three questions ek geithe
table. This table provides the distribution of responses.

with several variants using the same scenario with diffeseanario parameters. Internal coherence would require
a strong positive correlation in responses for each indalidvithin each scenario across scenario parameterization
Just such a pattern is present in the diagonal blocks of tirelation matrix presented in Takbe

SSQla SSQ1b SSQ2a SSQ2b SSQ2c SSQ3a SSQ3b SSQ3c SSQ4a

SSQla 1.00
SSQ1b .44  1.00
SSQ2a -.01 .04 1.00
SSQ2b  -.04 -.01 61 1.00
SsQ2c  -.08 .07 55 56 1.00
SSQ3a -.01 -.08 -11 -.04 -11 1.00
SSQ3b  -.06 -.08 .04 .04 02 .78 1.00
SSQ3c  -.08 -.08 .07 .08 07 .63 86 1.00
SSQ4  -.04 .00 .04 .05 .05 -.15 -.13 -.10 1.00

Table 5: Correlation Matrix of SSQ responses:The correlation matrix for the SSQ responses are presebtseaCorrelations
between SSQs of the same type are in bold.

A second indication of coherence derives from exploring lawiduals trade off leaving money as a bequest
and having wealth when in the ADL state for different weaéihels. In SSQ 3, all respondents were asked to divide
up not only $100,000, but also $150,000 and $200,000. Theldisons of responses to these different SSQ variants
indicate systematic patterns in responses. Most resptmed#ocate almost all of their wealth to the ADL state when
wealth is $100,000, about two-thirds to the ADL state whealtheis $150,000, but only about half when wealth is
$200,000, as illustrated in FiguBe These coherent systematic shifts in the distribution sfpoeses further alleviates
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concern that respondents replied with a large degree obrandss.
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Figure 3: SSQ 3 Response DistributionsWe ask SSQ 3, the SSQ presented in the section above, fohwahles of $100,000,
$150,000, and $200,000. For these three wealth valuesgile fshows the distributions of allocation to spending diveeen
needing help with ADLs (with the remainder left as a bequest)

In addition to being internally coherent, another meastreatidity comes from checking whether individual
responses to SSQs are predicted by behaviors or charctensitside the model in expected ways. To identify
relevant patterns, we regress responses to the SSQs adretzinomic and demographic variables. In SSQ 3 that
we have been detailing, the allocation to the ADL state isnded as the response. Hence higher responses should
indicate a higher preference for wealth in the ADL statetiadato an end-of-life bequest. Regressions of these
responses on standard demographic variables and othablesriof particular relevance are presented in Téble

Note that having transfered wealth to children is a stroragliotor of allocating less money to the ADL state, as
might be expected based on likely differences in bequesivesot The expectation of receiving care from a family
member is also associated with lower allocations to the ABites while individuals who believe ADL costs are
higher allocate more to the ADL state. Note that we obsettle predictive power for state variables such as wealth,
age, health. The SSQs are designed to be invariant to tlaisiiof the respondent. The lack of predictive power of
demographics and economic circumstances suggests thatetsign was successfiil. AppendixB documents that
external coherence holds for the other three SSQs as well.

6 Estimating Preference Parameters

This section presents estimates of the individual prefergrarameters that best match the SSQ data. These prefer-
ences are essential individual characteristics at the @iotiee modeled ADLI demand exercise. As documented in
Table 2 there are four types of SSQs, some asked multiple times farelit scenario parameters, resulting in nine
SSQ variants in total. We denote each individisket of responses to the 9 SSQ variant¥as- {2;671-}2:1. Recall

each individual’s set of preference parametersds= {v,0apr, KADL; Obeq, Kbeq, Y }- TO €Stimated;, we assume

that the recorded survey response is the true responsefleats preferences plus some error. For each individual we
assume a response process that permits an analyticahdikelifunction and then use the 9 SSQ variants to estimate
the parameter set that generated each individual’s regpdaysmaximum likelihood estimation.

BFinding that the expectation of receiving care from a fanmitgmber is correlated with lower allocations to the ADL steoeild be
consistent or inconsistent with SSQs controlling for anstiances. The lower allocation to the ADL state could be tmshinking they will
receive family care is correlated with loving children ahdg they want to leave a bigger bequest, even at the cost ofghkass money to
spend on self when care is needed. It could also be that whsveaimg the SSQs they did not completely respond from thepeetive of the
scenario by internalizing that family care is specified tolmavailable.
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SSQ3a SSQ3b SSQ3c

Predicted Average Cost of ADL Care 0.05 0.07 0.08
(0.02) (0.02) (0.03)
Family Care Probability -97.42 -143.80 -210.50
(40.52) (48.08) (60.37)
Total Transfers to Descendants in last 3 years -0.06 -0.09 .13-0

(0.03) (0.04) (0.04)
Public LTC Facility vs Private Ranking (1-5) -2,315 269.94 632
(1,379) (1,630) (2,047)

Age 20,542 12,766 22,308
(17,512) (20,409) (25,600)
Age’ -279.27 -180.33 -304.29
(244.85) (285.24) (357.83)
Age’ 1.23 0.80 1.32
(2.13) (1.32) (1.65)
Health: Poor 2,999 1,970 5,370
(5,009) (5,943) (7,467)
Health: ADL 24,130 3,624 21,009
(11,786) (13,135) (16,191)
Income Quintile: 2 4,036 4,382 369.10
(3,302) (3,900) (4,886)
Income Quintile: 3 170.29 -830.55 -484.33
(3,396) (4,018) (5,056)
Income Quintile: 4 -91.25 3,411 -356.78
(3,338) (3,961) (4,957)
Income Quintile: 5 1,316 4 537 4 542
(3,560) (4,214) (5,280)
Female 134.23 -1,637 -2,644
(2,078) (2,455) (3,071)
College or Higher 7,136 6,420 4,868
(2,435) (2,895) (3,631)
log(Wealth) 976.54 985.06 459.47
(1,040) (1,222) (1,536)
N 1,086 1,086 1,086

Table 6: External Validation of SSQs 3: This table presents the results from a Tobit regression &f S&sponses on demo-
graphic variables and the listed covariates.
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To derive the likelihood function, we denote the true resgoto thek'" SSQ as;.(0;) and assume each individ-
ual’s response is reported with normally distributed exrdthat is, let observed responses be

2 = 21(05) + €ris (3)

wheree;, ; ~ N(0, 0,%7i) andé; ; denotes the realization of individué$ response error to SSQ variant For robust-
ness, in Sectiofd.3.1we show results for a multiplicative error structure thatussedog 2;, ; = log 2 (0;) + € ;.

For the six preference parameters to be identified at anithdiV level from 9 questions, the error distribution
must be a function of no more than three free parameters. i§sigtisfied by specifyingrz,i to be a function of a
guestion specific and an individual specific component. i@pelty, we assume that the standard deviation of the
response error to questidnis linear in the maximum feasible resporidé and individual scaling factof;, so that
ok = 0; x Wj,. The idiosyncratic component accounts for differencesiéngrecision with which individuals report
answers. The question specific component takes into actimeidifferent scales of the nine SSQ variations and thus
normalizes the error standard deviation according to thsiliée response size. Note th&j, is naturally defined in
each question by the budget constraint, except in SSQ 4. &3V, is set to thed5™” percentile of the survey
responses, resulting in $500,000 as the maximum respottiise aleaned daté:

This specification yields the following closed form expieasfor the likelihood of observing a response to each
question as a function @B, 0;):

FUI% (—Zk:(@z)) if 2k’,i =0
Ek(@i, Uz’|2kz,i) = f02 .(ékﬂ- — Zk(@i)) if 0< ék,z‘ < Wk (4)

1= Fo2 (Wi —2x(04)) I Zp; = W

The boundary cases take into account error truncation dieetbudget constraint, adﬂaz _ andf ~denote the
mean-zero normal cdf and pdf with varlanof%% We assume independence of survey response errors giedin
multiplicatively separable likelihood function for thelfeesponse sef;:

9
@Z7JZ|Z H @2>Uz|zkz) (5)

We use MLE to estimate individual parameter sets, such that
{(:)Z-, 51‘} = arg max E(@i,ai]z-).

This provides a consistent estimate of each individual'supeter set for those whose parameters are identified.
Parameters are identified for those with few boundary resgmyrspecifically fewer than three boundary responses in
total and fewer than two boundary responses on the three S@&@abts. All subsequent analysis is restricted to the
89 percent of respondents that satisfy this condition.

In this paper, identification is achieved via multiple respes to SSQ variants at different scenario parameteri-
zations. This is in contrast Barsky, Juster, Kimball, and Shapif®997 andKimball, Sahm, and Shapir(2008),

HYResults are not sensitive to large variatior/ify for SSQ 4.
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which use multiple responses to the same question across dithough we share the same additive normal error
structure. There are two main differences between the agtimapproach of this paper and thatBsrsky, Juster,
Kimball, and Shapirg1997 or Kimball, Sahm, and Shapif@008. First, these previous studies assume a log-normal
population distribution of preference parameters to aconoduate the discrete cutoffs that are built into the design of
the HRS questions. Having continuous responses allows tusabthe population distribution of preference param-
eters non-parametrically. Second, this study estimatdspheupreference parameters for each individual, whereas
these previous studies focus on estimating only the risksae parameter for each individual.

Marginal Distribution of Parameters

Y 0aDL KADL Obeq  Kbeq Ya
10% 2.03 27 -83.66 .16 -41.22 19.98
25% 2.99 44 5177 .26 6.96 39.49
50% 4.45 90 -12.12 54 98.05 59.16
75% 6.52 226 39.45 189 286.13 97.77
90% 9.65 6.62 130.74 7.11 643.96 166.25
Ameriks, et.al (2016) 5.85 1.57 -45.65 0.59 7.88 85.11
Correlations of Parameters
Y 0aDpL KADL Obeq  Kbeq Ya
% 1.00
OapL -18  1.00
KADL -.09 -.10 1.00
Obeq -.17 .53 -10 1.00
Kbegq -21 .01 27  -.10 1.00
Pa .07 .00 -31 .02 -.22 1.00

Table 7: Estimated Parameter Distributions: The marginal distributions of each parameter are presemtbeé top panel table
above. Note that each column is the marginal distributiothefspecified parameter and that the parameter values iniaty g
row do not correspond to any individual's preferences. Thalfiine presents the parameters estimated from the samelmod

with homogeneous preferences matched to SSQ and wealtloulisin moments. Correlations of estimated parametaresl
are presented in the bottom panel.

6.1 Estimated Preference Parameters

The result of the estimation procedure is the joint distidou of 6 parameters per person by 963 people. Since it
is difficult to display such a high dimensional object, wevide the marginal distribution for each parameter and,
in lieu of the copula, the correlation between parameteehl€el7 presents the 10th/25th/50th/75th/90th percentiles
of the marginal distributions for the estimated populatfmrameter distribution. The median marginal estimates
suggest a relative risk aversion parametet 4.45, ADL expenditure as a necessity{pr, < 0) with high marginal

valuations @4pz < 1), bequests as a significant luxumy,{, > 0) with a high marginal valuatiord(., < 1), and

a public long-term care dollar equivalent $39, 160 (¢). For exposition, using the median parameter values, the
estimate of the dollar equivalent of public long-term caveresponds to an equivalent utility level of an expenditure
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of $41,063 in a model without state dependent preferetcd=or a point of comparison, the bottom row of Table
7 presents the estimates frofimeriks, Briggs, Caplin, Shapiro, and Tongf2i015, which assumes homogeneous
preferences and uses an estimator matching both SSQs anentsoofi the wealth distribution. Given the difference
in estimation procedures and that the presented marginaistdaccount for correlation between parameters, there is
no clean mapping of parameters across studies. Comparigs) ldowever, show consistency in qualitative patterns.
Furthermore, previous estimates with homogeneous prefeseare contained between ##" — 75" percentiles of

the estimated parameter distribution.

The parameter sets are quite well identified. Since the sanaeneter appears in the solution to multiple questions,
there are cross-equation restrictions that parameters satisfy. The individual component of the erret,, is a
measure of how much response error is required to bring theysuesponses in line with the functional forms
imposed in the theory. For the large majority of individydlse response error is very low, given has a median
value of 0.06. This implies that when individuals have $000,to allocate, the median response error has a standard
deviation of $6,000. Furthermore; is less than 0.17 for over 95 percent of the population. Thelistribution of o;
is presented in Figuré.

>.25

.25

Figure 4: Distribution of Individual Response Error Standard Deviation o;

Interpreting Preference Parameters Using Simple Syntheti Choice Problems. Given that it is hard to interpret
preference parameters in isolation, partly because pasamalues are inherently difficult to interpret and partly
because the interpretation of any one parameter dependal@es\vof other parameters, we interpret the estimated
distribution of preferences by analyzing choices impligdtlire preferences. The idea is to represent the strength
of the spending motives implied by the different utility fittons by showing implied expenditures in simple-to-
understand choice problems, before using the estimatderpnee parameters in the full structural model to answer
the real questions of interest.

In Figure5, we present the 10th/25th/50th/75th/90th percentiled@dations to the ADL state in response to SSQ

To calculate this expenditure equivalent in a model withbet health state utility function, we find the expenditureele) that would

equate utility across the two specificatiods— = (0apy) ™" (atrapL) 7,
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Figure 5: Distribution of SSQ 3 Responses Implied by Estimatd Parameters:This figure plots quantiles of the distribution of
allocations to the ADL state in response to SSQ 3, for diffelevels of wealtHV, that are implied by the estimated distribution
of preference parameters. The problem is not well definethfise with negative s.t. —x > W, so the horizontal axis starts at
$100K and people are added into the figure as their problewnbes defined.

3 that are implied by the estimated distribution of prefegeparameter Due to thex parameters, the allocations
are not invariant to the wealth level. At $100K, even thosth&25th percentile of allocations to the ADL state spend
much more than 50 percent of their wealth on own expenditirenweeding help with ADLs and leaving around 35
percent as a bequest. The 50th percentile person leavegjnedteAt $200K, some still value spending on self when
in need of help with ADLSs relative to leaving a bequest so lyighat they leave no bequest, but the median person
spends about $160K on self and leaves a $40K bequest; thep@itantile person almost splits the money evenly.
In summary, at lower levels of wealth, spending on self wheedmg help with ADLs dominates leaving a bequest
for almost everyone in the sample; even up through a relgthigh level of annualized wealth the large majority of
individuals spend more on self than leave a bequest. Sonmepdo value bequests highly, however. At the 10th
percentile, spending on a bequest is valued greater thamlisggewhen in need of LTC at all wealth levels. Even for
these people with the strongest bequest motive relativeltsgending when needing help with ADLs, they still leave
only 60 to 70 percent as a bequést.

Figure 6 presents statistics on expenditure in a three good syatbtletice problem in which we treat the utility
function associated with ordinary health, needing helhwiDLs, and bequests as the utility function associated
with three goods purchased contemporaneously. The figesepts the fraction of the population spending more

183pecifically, given the estimated distribution of prefereparameters, we plot quantiles of the distributiorofhat solve the following
last year of life allocation problem for different levelsweéalthV:

17
) (21 +Kkapr) " + (Oveq) (22 + Kbeq) 7
1—7 1—x
21,22 2 05 21 2 —KADL; 22 2 —FKbeq-

max (Oapr
{z1,22]|21+22=W}

Since the problem is not well defined for those with negativet. —x > W, we start the horizontal axis at $100K and add people into the
figure as their problem becomes defined. Since almost aléfilked problems are because ADL utility is too strong, theréigprovides a rough
lower bound on the strength of the ADL saving motive in theyagion.

"Here we treat bequest spending and spending on self wheingewelp with ADLs as two different goods valued with diffatautility
functions in a simple allocation problem. In the full stu@l model, bequest utility is a one time payoff upon deathilevADL utility
represents an annual flow utility. This representation make ADL related saving and insurance demand motive evenggr, since even in
a 1 year static problem the allocation skews towards the flditystate.
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Figure 6: Expenditure in the three good synthetic choice prblem: The above figures present statistics on expenditure in the
three good synthetic choice problem in which we treat thigyufunction associated with ordinary health, needingpheith
ADLs, and bequests as the utility function associated Witke¢ goods purchased contemporaneously. The figure psabent
fraction of the population spending more on the “Ordinaryn@amption good” than on the “ADL good”, the fraction of the
population spending more on the “Ordinary Consumption dioain on the “Bequest good”, and the fraction of the popalati
spending more on the “Ordinary Consumption good” than orsthme of the “ADL good” and “Bequest good.”

on the “Ordinary Consumption Good” than on the “ADL good”e thaction of the population spending more on the
“Ordinary Consumption Good” than on the “Bequest good”, #relfraction of the population spending more on the
“Ordinary Consumption Good” than on the sum of the “ADL goaufid “Bequest good” when solving the following
problem:

I—y

T

max L + (BaprL
T1,22,23 - 1—7

Staxy+axe+a3<W

(6)

T1, 2, 3 > 0; T3 > —KADL; T3 2 —Kpeg-

About half the population has preferences such that spgrfdim the ordinary utility function is stronger than
that from the ADL function, while the other half spends monetloe ADL good than ordinary consumption. Although
this result uses the joint distribution of preferencess thicaptured roughly by the median p;, being negative but
not too far from 0 and the mediaty p;, being a bit less than one. The large majority of individualgund 75 to
85 percent of the population, have a stronger per perioddspgmotive from ordinary consumption than from the
bequest motive, reflecting the large positive estimatgg for most people. There is, however, a non-trivial 15-25
percent of the population with stronger bequest motivesgéfica sense that spending on self when healthy is very
important to most people, even relative to ADL and bequedives at $100K 40 percent of the population would
spend more on the ordinary consumption good than on the begod ADL good combined.

In summary, the distribution of estimated parameters sstgipere is significant preference heterogeneity with
regards to spending in ordinary times, when in need of help AMDLs, and as a bequest. Nonetheless, there are clear
patterns present for many people in the data. Most survgyoneents have positive but moderate risk aversion, a
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strong desire to spend in ordinary times, view spending whered of help with ADLs as a necessary good that is
valued highly on the margin, and view bequests as a luxuryl gloat requires a large outlay before being valued on
the margin. As we show in Sectidh) it is exactly these patterns in preferences that largelgrdene the substantial
model-predicted demand for activities of daily living inance.

7 The Long-term Care Insurance Puzzle

Having developed the model and solved for the associatechalppolicies and value function, collected the financial
and demographic data, estimated health and mortalityaisikestimated preference parameters at the individud) leve
we are now able to predict demand for Activities of Daily lngiinsurance for each person in the sample.

This section documents that the long-term care insuranzagu-that model predicted insurance demand is larger
than observed holdings—is sizable and robust. We detail toowalculate ADLI demand and show that predicted
demand is significantly determined by health-state depengeferences. We also show that many more people
are predicted to demand ADLI than actually hold LTCI, thatdicted demand is robust to many different model
specifications and in different subsamples, that demaraids lon the intensive margin for many, as is the associated
consumer surplus.

7.1 Calculating Activities of Daily Living Insurance Demand

Using each individuals’ financial and demographic stated estimated preference parameters, we calculate the
model-implied demand for insurance products. ADLI is mededs a state contingent security that pays out whenever
anindividual is in the ADL health state = 2). Purchasing this product entails paying a lump suyek p(t;, s, g:)

at current age in return for payouty; in each year that assistance with ADLs is needed for the rateaif life. The
demand is thus determined by preference over expectedefatursumption streams as a function of preference pa-
rameter setP;, the set of state variables(;, and the pricep(¢;, s;, ¢;), that individuals must pay to purchase an
additional unit of state contingent income.

The pricing function is such that the product is actuariédly conditional on an individual’'s gender, age, health
state, and access to a risk free outside asset promisingérpemnual returt® Actuarially fair is defined such that
the insurer selling this product makes zero expected prgding the same health transition matrix as in the decision
problem)!® For example, the resulting one-time cost for purchasing Abht pays out $100K in each year when
LTC is needed is as follows: For a healthy male, the cost i8&1& age 55 and $123K at age 65; for a healthy
female, the cost is $219K at age 55 and $214K at age 65. Thédisagnly higher cost for women reflects their
longer life expectancy and higher probability of needingCLThe slightly higher cost when age 55 reflects that the
relatively small risk of needing long-term care prior to &feslightly outweighs the low risk-free interest rate used
for discounting.

8In the baseline specification, ADLI has no load. We show tedat different loads in Section.3.1

¥The realized period payouts for annuities and ADL insurasiegend on health state An annuity pays out while = 0, 1 or 2, while
ADLI pays out while only whers = 2. Thus, the vector of period payouts across health state$0, 1, 2, 3} for annuities ig = [9, 9, g, 0],
while for ADLIitis, § = [0, 0, 7, 0]'. Let 5 be an indicator vector that has elemestsor i € {0, 1,2, 3} equal to zero fos # i and equal
to 1if s = ¢. The insurance product is priced to equal the expected uliged stream of payments. Thus, an insurance product tyatqmﬁ
per period for a person of agegendery, with current health statushas price

T—t

o
2Tty

1=

[ 7o(s' 1t + R 9)| x4

k=0

p(t,s,g) = 5 x
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Given prices, demand for insurance is calculated as

D(a,y,t,s,h,g) =argmax V(a —p(t,s,9)7,9,t s, h,g) (7)
Y
Q = {yT + g(s)}Z:tv

wherey is the new stochastic income stream that is the sum of thénatigncome stream plus the health-state
dependent insurance payoyts) andV is the value function evaluated at the new wealth level andrire stream.

To account for uncertainty around estimated parameteesalinen calculating model implied demand, we resam-
ple five parameter sets for each person from the distribuf@stimates and calculate the demand for each parameter
set. That is, using the parametric assumptions, we perfonifidebootstrap by adding different error realizations to
the point estimates. Taking the average of these demandunesastegrates out error in predicted demand caused
by parameter uncertainty. For the remainder of the papkregpbrted baseline results reflect these bootstrapped
estimateg?

7.2 Estimated Activities of Daily Living Insurance Demand

We estimate that 59 percent of respondents have positivarfor ADLI. This indicates that the majority of individ-
uals assign a high valuation to wealth in the ADL state anoffé@red suitable insurance products, would like to insure
wealth in this state. While many are estimated to want ADhé&re is a substantial minority for whom purchasing
is not predicted to be attractive. Majority interest is noiltbinto the specification, but rather a result of desires as
inferred from the responses to SS®s.

Although estimates are a function of observable demogcapmd financial wealth, preferences significantly af-
fect ADLI demand, such that different survey responses evbialve produced completely different estimates. Table
8 compares the mean parameter values for individuals pestliict purchase versus not purchase ADLI. Most differ-
ences between the groups are as expected. ADLI purchasesgaificantly more risk averse than non-purchasers.
They also have a much stronger preference for expendituem whthe ADL state. The average,p;, of purchasers
is negative yet positive for non-purchasers, so that pwetsavalue ADL-state expenditure as more of a necessity.
Furthermore, the average marginal utility multipli&xp;, of non-purchasers is over five times larger than that of
purchasers, representing a higher utility of wealth on tlaegin in the ADL-state for purchasers evemifp;, were
the same. Similarly, purchasers of ADLI have a loWgy, andxy.,. The comparison of bequest motives is less theo-
retically clear-cut. On one hand, bequest motives decrid@sdesire to spend on self when needing help with ADLs
by increasing the desire to hold on to bequeathable wealthveMer, ADLI insures bequests against being depleted
by large expenditures when in the ADL state. Ta®kuggests that the second motive is dominant, since pumshase
have stronger bequest motives than non-purchasers, gétea substantially less of a luxury good (lowegg,). This
suggests that those predicted to demand zero ADLI are nietivay the desire to spend on self when healthy.

20For the robustness exercises in Secfidh 1, due to computational run time limitations, we use one samppreference parameters that
is held constant across exercises.

2 ockwood (2016 shows that a sufficiently strong bequest motive limitsrigse in either LTCI or annuities due to a preference for kiqui
wealth at the end of life, andockwood (2016 and Koijen, Van Nieuwerburgh, and Yog@016 both match observed insurance products
holdings in their estimations. A key methodological diffece with the current study is use of observed insurancengsichs a source of
identification. While we agree that insurance holding pageontain information about preference for wealth in ieglstates, targeting low
LTC insurance holdings ensures that the model delivers api@ference for wealth in this state. Given the differencetsvben modeled
state-contingent securities and products available imtheket, we instead identify preferences from SSQs and amdheir implications for
predicted holdings.
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Preference Parameters

Purchase vy 6apL KADL Bbeq Kbeg VG
Yes 5.57 4.02 -11.26 2.07 118.17 76.82
No 4.31 23.11 33.86 22.69 278.84 77.42

State Variables

Purchase Age Income Quint Wealth Gender Health
Yes 69.2 3.24 820,510 0.45 1.06
No 67.1 2.84 517,129 0.40 1.07

Table 8: Parameter sets and ADLI purchase:This table presents averages of demographic, financialpeidrence variables
for two groups: those with zero ADLI demand and those withip@sADLI demand.

7.3 Documenting the Long-term Care Insurance Puzzle

While the model predicts that 59 percent of the sample wowdtwo purchase ADLI, only 22 percent of the VRI
sample own private LTC3? This large difference between actual LTCI holdings and ijsted ADLI holdings is not
just concentrated in the higher-wealth individuals in tHel'\$ample, but is also present for those with savings similar
to many Americans. Figuré compares actual LTCI ownership and model predicted ADLI@sship conditional on
wealth and income quintiles. The smallest wealth quintde median wealth of $115,000 and the smallest income
quintile has median annual income of $17,000, not dissmmlahe broader U.S. population. Note that both observed
holdings and model predictions of ADLI ownership are insieg in wealth and income. Note also that the difference
between modeled and observed holdings is large and signiifataall quintiles, confirming the robustness of the
puzzle. We therefore conclude that there exists a puzzkrdeyy the lack of LTCI ownership: Observed insurance
holdings among older wealth-holders are well below thelteseggested by the model.

7.3.1 Robustness of the Long-term Care Insurance Puzzle

To document the robustness of the LTCI puzzle, we presengim&8 ADLI demand calculated for different model
specifications and for different subsamples. First, we stimnexistence of the LTCI puzzle is not sensitive to rea-
sonable increases in the price of ADLI. To document this, aremute demand when ADLI is priced with either a 10
percent, 20 percent, or 30 percent load above the actydia#llprice. Thus, if low observed insurance holdings were
driven by high loads, the model under this specification khptedict substantially lower demand. On the extensive
margin, the fraction of the population with positive demdadADLI only drops from 59 percent at baseline to 56
percent under a 10 percent load and 54 percent under a 3hpkrad.

We also predict ADLI demand for the case in which consumessive a risk free return of = 0.03 on savings,
while insurance products are still priced using= 0.01. This exercise addresses two concerns. First, respondents
might expect a higher return on wealth than the risk free &atd so the baseline model might understate the saving
motive. Second, this introduces a sizable positive loadifatent to 18-35 percent on ADLI for males aged 55-85).
Again, there is a small drop in the fraction of people withifies demand from 59 percent to 55 percent, suggesting

Z2Moreover we do not know the extent to which this private owhér is due to deliberate purchase as opposed to being afefityenaking
this an upper bound on the fraction of individuals in the slemyho have actively purchased private LTCI.
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(a) LTCI/ADLI Ownership by Wealth Quintile (b) LTCI/ADLI Ownership by Income Quintile

Figure 7: Comparing Ownership Measures: The above figures present ownership of LTCI/ADLI by wealtld ancome
quintiles. The red bars on the left show the fraction of theytation in a given quintile who own LTCI, while the green $an
the right are the corresponding model predictions.

Figure 8: LTCI/ADLI Ownership Rate Robustness—Alternative Parameters and SamplesThis figure presents the fraction

of the population that is predicted to have positive ADLI @demd according to various changes to the model and sample. The
top row shows the 22 percent of people who own LTCI in the VRie Becond row shows the prediction from the baseline
specification of 59 percent ownership. Subsequent rowgptéise robustness results.
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low returns on investments are not driving the puzzle.

We map net financial wealth to the wealth state variable, Hritrésults are robust to treating wealth as the sum
of financial and housing wealth. Houses are complicatedissssiace they have financial value that is difficult to
calculate given indivisibility, search frictions, and fikeosts of sale, but also because they provide individualifipe
flow utility. As an upper bound, we add the full equity valudlod primary home to financial wealth and predict ADLI
demand. This only further exacerbates the puzzle, inargabie fraction of the population with positive demand to
64 percent.

Capturing the fact that LTC provision is essential for thos@eed and private long-term care is an expensive
and lumpy expenditure, in the baseline we model a minimural lefzexpenditure needed to obtain private LTC, i.e.,
errc > $40K if s = 2 (needs help with ADLs) and no government care is providedsuRe are again robust to
removing this minimum expenditure constraint, with 60 patgredicted to demand ADLI.

Since demand is driven in such large part by estimated gmedes, we show that the puzzle remains even when
estimating preference parameters using more traditioeshods common in the literature that do not use SSQs. We
calculate ADLI demand using a parameter set frameriks, Briggs, Caplin, Shapiro, and Tongf015 that was
estimated using the same model but assuming homogenedesepees and exclusively targeting cross-sectional
moments of the wealth-age distribution (th&", 50t", and 75" percentiles of the wealth distribution by 3 year
age bins). Under this parametrization the model prediggsifstantly higher ADLI demand, with 86 percent of the
population having positive demand. We also show that resuét robust to assuming an error term that is log additive,
as opposed to additive used in the baseline, leading to tepeof people with positive demand.

Finally, to address concerns about robustness outside2 offl sample we repeat the analysis on different sam-
ples. First, we use a subsample of individuals restrictgdgpondents with employer sponsored Vanguard plans. The
employer subsample is less wealthy than the general pigrulats displayed in Appendix Tab& 2, and did not elect
by themselves to become Vanguard clients. Thus, concersangple selection might be less severe amongst these
individuals. We find that all qualitative results hold foiglsample, with 51 percent of this population estimated to
have positive demand for ADLI. Second, we reweight the paparh using weights that match the HRS on wealth and
demographic variables (séaneriks, Caplin, Lee, Shapiro, and TongR014). Similar to the employer subsample,
when reweighting to the HRS, even though the model predittsvar 48 percent extensive margin of demand for
ADLI there is still a clear prediction of high interest in #@products relative to observed holdings. Third, we split
the population into those who own LTCI and those who don’thwgiightly more LTCI owners predicted to demand
ADLI, at 63 percent of the population relative to 58 percemtlfTCI non-owners. Lastly, demand is positive for 59
percent of homeowners, the same as for non-homeowners.

Thus, the clear model prediction of high interest in ADLI-dathe puzzle that emerges when comparing this
prediction to observed LTCI holdings—is significant andustito alternative pricing, alternative measures of wealth
alternative preference estimation strategies, and in eoeuof subsamples.

7.4 How Much Activities of Daily Living Insurance Would People Demand?

To establish the economic significance of the LTCI puzzle,stvew that in addition to the large difference on the
extensive margin between ownership and predicted demangidal, the predicted quantity demanded is sizable.
Because we do not have a measure of the quantity of insurameedoby those who hold private LTCI, we often
restrict our analysis to the 78 percent of the population ddvoot own any private LTCI. This is the only population
for whom we know the amount of private LTCI owned (zero) sa the can compare model predicted demand

30



25 50 75 100 125 150 25 50 75 100 125 150
Dollars ($1000) Dollars ($1000)
(a) LTCI Non-owners (b) LTCI Owners

Figure 9: ADLI Quantity Demanded: This figure presents the histogram of the ADLI annual payeutipased predicted by
the model. The left panel plots ADLI demand for the 58 peradrihe population of LTCI non-owners with positive modeled
demand. The right panel plots ADLI demand for the 63 percétiteopopulation of LTCI owners with positive modeled demand

to the known holdings. Nonetheless, we present in FiQuADLI demand measures for both LTCI owners and
LTCI non-owners, showing very similar model prediction$isIsimilarity suggests ownership of LTCI is not driven
by differences in demographic and financial variables ofepeaces, but features not captured in the model, e.g.,
opportunities to purchase LTCI linked to employer benefits.

For the baseline specification, 58 percent of people who tdowao any private LTCI are predicted to have positive
ADLI demand. Furthermore, as presented in Figlaefor those who have positive demand the average quantity
demanded is about $67K in annual payout, the 10th percesftitemand is about $9K and the 90th percentile is
around $150K. Compared to not owning any LTCI, these indiaig are predicted to demand relatively large amounts
of insurance. To put the quantity in context, the purchaseeddian demand of a $55K payout is larger than the
median income of an 80 year old, more than doubling incombanADL-state during ages when help is most likely
to be needed. Demand is also substantial for those who afg fkle and eligible to purchase LTCI. Healthy females
(males) aged 55-64 have median annual income of $58,0000®H2and financial wealth of $455,000 ($405,000).
Conditioning on this income, health, age, gender, and lguDLI, median demand (across wealth and preferences)
is $33,400 ($39,400) paid each year LTC is needed at a oresetirst of $72,200 ($49,800). The size of the purchased
benefits seems reasonable, keeping in mind that on averageyear stay in a nursing home costs $92K per year and
costs of $150K per year are common in upscale nursing honuss.ad with the extensive margin, Appendix Table
C.1documents that the intensive margin of demand remains rabumnany alternative assumptions and samples.
To explore why the LTCI puzzle is so robust, we move beyond gnsilyzing quantity demanded to examining the
estimated demand function for ADLI.

7.4.1 The ADLI Demand Function

While the amount demanded at given prices is informative there is further information in the properties of the
demand function. It could be that people demand a large anwdukDLI, but they are near indifferent between the
optimal ADLI purchased and no ADLI at all. To show that thesesirong desire for better LTCI, we document that
the elasticity of demand to price increases is small anddhsumer surplus is large for most people.

Al analysis is presented for LTCI non-owners. As documeriteAppendixC, results are very similar for LTCI owners.
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Figure 10: Distribution of the Price Elasticity of Demand: This figure presents the histogram of the elasticity of deshaith
respect to price for those who do not own LTCI. It plots therdbsition of the percent change in demand to a one percerdase
in price, local to the optimal demand level and given price.

The Elasticity of Demand to Price. Figurel10 plots the distribution of the price elasticity of demandfiiled as the
percentage change in quantity demanded for a one perceaasgein price, local to the optimal quantity demanded.
Overall, demand is not very price elastic, with around 8@eet of people having less than unit elasticity and about
50 percent having an elasticity less than 0.5 in absoluteevarlhat the price elasticity is small and, as documented
in Appendix TableC.1, that the intensive margin of demand is does not change metgfebn actuarially fair pricing
and a 30 percent load suggests that the price of LTCI may nibtebmain unattractive feature of products currently in
the market. As discussed in Sectidnthere are many features of LTCI products that may congiboiiow demand
other than price.
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(a) Distribution of Consumer Surplus (b) Consumer Surplus Box Plot by Wealth Quintile

Figure 11: Consumer Surplus: The left panel presents the histogram of consumer surplughése who do not own LTCI.
Consumer surplus is the maximum people are willing to payuteipase their desired amount of insurance above the pge th
actually paid. The right panel presents a box plot of the eores surplus by wealth quintile.

Consumer Surplus. Consumer surplus is defined as the maximum amount peopl@\wewkilling to pay in excess
of the amount they actually paid for the quantity they deneahat the given price. This varies across people because
they faced different prices (prices conditioned on gendge, and health status), because the quantity demanded
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differs as a function of demographics, financial variabéeg] preferences, and because the dollar value of the same
quantity of ADLI at the same price depends on those indididpacific states and preferences. As documented in
the left panel of Figurell, many people have a consumer surplus above $100K, with driviad-fraction of the
population having a consumer surplus larger than $200Ks Shows that our model predicts sizable demand for
ADLLI, suggesting a substantial missing market for highealiqy LTCI. The right panel of Figurd 1 shows that the
median consumer surplus is small in dollar terms for the &iweealth quintile, but is around $100K for wealth
quintile two rising slowly but steadily to $200K for quirtilfive. In contrast, the consumer surplus for those who
strongly value ADLI, as measured by the surplus at the 75thepgile, grows substantially from $58K in wealth
quintile one through $524K in quintile four, but drops to $45in quintile five. Those in the highest wealth quintile
have enough savings to self-insure and smooth consumptialh $tates of the world so the value of insurance is not
that large to them. Those in the lowest wealth quintile aretrtikely to value the means tested Medicaid option,
which implicitly lowers their value of private ADLI.

Taken together, the large fraction of the total populaticedicted to demand ADLI, the robustness of this extensive
margin of demand to alternative assumptions and sampleste predicted quantity of demand and its robustness,
the small price elasticity, and the large consumer surdludoaument the LTCI puzzle: there is substantial demand
for insuring the state of the world in which help is needechvliDLs which is at odds with the low holding of LTCI
in the data.

8 Stated Demand for Activities of Daily Living Insurance

The LTCI puzzle is that model predicted demand for ADLI isndfigantly higher than actual holdings of LTCI. To
what extent does the LTCI puzzle derive from a quality gapvbenh LTCI and modeled ADLI, given that ADLI is
very different from the LTCI available in the market place® discussed in Sectio?, LTCI products have many
unattractive features: consumers face default risk, plessinilateral increases in future premia, high loads, and a
potentially adversarial claims process that has strict amzertain conditions on when holders can claim. In this
section we use additional information from Survey 2, whiohlided stated choice questions on the demand for
improved insurance products. This provides a model-indég@et measure of demand for the exact same ADLI
product.

To the degree that model predicted and stated demand agecbawe two completely different measures of
the same demand that both point to high demand for ADLI, eveang those who, via lack of ownership, reveal
low demand for available LTCI. This higher demand for a byeitteurance product suggests that the low quality of
the available LTCI does indeed contribute to low LTCI holgin To the degree there is a puzzle that manifests as
the difference between model predicted and stated ADLI deintere is evidence that some factor other than the
difference between LTCl an ADLI is driving the LTCI puzzle.

8.1 The Survey Instrument

Our approach to measuring stated demand is analogous toftiBeshears, Choi, Laibson, Madrian, and Zeldes
(2014, who previously used stated choice questions with impideatures of a product to study determinants of and
how to increase annuity demand. For ADLI, an additional lelmgie in gathering this demand is that, by definition,
it concerns a form of insurance that is not available in theketgplace. For that reason the demand questions were
preceded by the definition of the ADL state, defined as “nepdignificant help with activities such as eating, dress-
ing, bathing, walking across a room, and getting in or outexf.b Moreover, when gathering demand information,
we explicitly ask respondents to “make choices in hypotla¢financial scenarios.” In the specific case of ADLI, the
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product is presented in the following frame.

Please suppose that you are offered a hypothetical new fbimswarance calledADL insurance with the following
features:

e You pay a one-time, nonrefundable lump sum to purchaserthigance.

o If you need help with activities of daily living (*ADLSs), yowill immediately receive a monthly cash benefit indexed
for inflation.

e For each$10,000you pay for this insurance, you will receive $Y per month ixel for inflation in any month in
which you need help with *ADLs.

e The monthly cash benefit is set at the time of purchase and dapendent on your actual expenses.

e There isno restriction on the use of the insurance benefits. You are free to use kzimedihy way you wish: to pay
for a nursing home; a nurse to help at home; for some other&melp; or in literally any other way you would like

e Animpartial third party who you trust will verify whether oot you need help with *ADLs immediately, impartially,
and with complete accuracy.

e The insurance is priced fairly based on your gender, agecamdnt health.

e There is no risk that the insurance company will default @rae the terms of the policy.

When gathering stated demand information, we price theymtddr each individual at the expected value of pay-
outs conditional on age, gender, and current health baséteastimated health transition probabilities, deterngni
“$Y” in the frame above&?* This is reinforced by the qualitative statement that theipg is actuarially fair. After all
information is provided, demand is collected in two step® filst ask respondents whether or not they would have
any interest in purchasing ADLI were it available. If the waes is affirmative, we ask how large a monthly benefit
they would purchase, while simultaneously reporting tarthew much their purchase of any such benefit would
cost up front. In the top right corner of the answer screen mesgnt a link to a hover screen that presents the full
specification of the product in case the respondent wouddtbkreview any features prior to reporting their demand.

Credibility of Stated Demand. While there are valid concerns whether stated prefereneashnmormative pref-
erencesBeshears, Choi, Laibson, and Madrig2008 note that the likelihood of significant disparities deseEa
when decisions require active choice, are simple, are i@mdre not influenced by third-party marketing, and limit
intertemporal considerations. By forcing individuals taka an active choice we attempt to limit fall-back to the
default option. Comprehension checks on the definition ol &[zareful design of product presentation, use of hover
screens to make forgotten information available, and aweanscreen that dynamically highlights the trade-off to
purchasing this product as the choice is made serve to rabdaa@mplexity. In addition, the question makes it clear
that the product is a one-time offer to reduce concerns sodiag intertemporal decisions, and because ADLI does
not exist in practice concerns around third party markeéirggminimal. Thus, these stated demand questions were
designed to address these five factors that facilitate tiegosf normative preference.

To analyze the coherence of the stated demands, we conducbia gstimation of the purchase decision as a
function of other survey measures. “Average ADLI Expensetfeported as the dollar amount a respondent would
expect to pay in a typical nursing home, “Paositive OpinionPaiblic LTC” is defined as having rated public LTC
relative to typical private LTC as three or above on a one te $iwale (with one being “much worse”, three being
“about the same”, and five being “much better”), @@AD L state > 3 year) is the reported subjective probability

2To price the insurance products in the stated demand sursyiment, we used a health transition matrix estimatedd#RS sample that
is representative of the U.S. population. Model-predictethand when using the U.S. representative health tramsitadrix is little changed:
for the wealthier VRI sample the lower per-year probabitifyneeding help with ADLs is offset by the longer life expeutyp
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Annual ADLI Payout

Owns LTCI Indicator 0.09 6,872
(0.11) (4,023)
Predicted Average Cost of ADL Care 1.28e-7 .07
(9.13e-7) (0.04)
Family Care Probability 0.002 -39.32
(0.002) (64.42)
Total Transfers to Descendants in last 3 years ($1000s) 6e269 .07
(1.42e-6) (.06)
Public LTC Facility vs Private Ranking (1-5) -0.10 -5,565
(0.06) (2,331)
Subj. Prob. of Help with ADLs for 1 year 0.17 -340.29
(Above Median) (0.09) (3,142)
Age -0.52 66,838
(0.81) (31,951)
Age? 0.01 -955.8
(0.01) (452.2)
Age® -0.00003 4.50
(0.00005) (2.11)
Health: Poor -0.12 -95.9
(0.22) (7,867)
Health: ADL -0.63 17,751
(0.58) (27,067)
Income Quintile: 2 -0.30 -2,423
(0.14) (5,227)
Income Quintile: 3 -0.03 -4,213
(0.14) (5,000)
Income Quintile: 4 -0.17 -10,888
(0.14) (5,074)
Income Quintile: 5 -0.10 -650.5
(0.15) (5,449)
Female 0.16 16,590
(0.09) (3,246)
College or Higher -0.05 28.45
(0.10) (3,670)
Log(Wealth) 0.05 654
(0.05) (1,870)
N 750 225

Table 9: Validation of Surveyed ADL demand measurement:This table presents how stated ADLI demand is predicted by
covariates. Column 1 presents the results of a probit regmesf the ADLI purchase decisions, and Column 2 presen@Lz®
regression on the level of ADLI annual payout demanded fos¢hwith positive demand.

of needing help with the activities of daily living for threemore years at any point in the future. In Ta®lee present
results of a probit regression of the decision to buy and adjitional) OLS regression on the amount purchased.
Stated interest correlates in a generally reasonable mavittedemographic and economic characteristics, as well
as other survey measures. Respondents who report highmallites of experiencing extended time in the ADL
state are more likely to purchase ADLI. This suggests thaptites quoted to these individuals may be cheaper than
actuarially fair and that adverse selection affects ADLighases. There is also evidence that individuals who itglica

a more favorable opinion of publicly provided LTC have leés desire to purchase. Few demographic variables are
significant, likely reflecting the survey practice of caking actuarially fair pricing conditional on gender, agad
health status.
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8.2 Stated ADLI Demand and the LTCI Puzzle
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Figure 12: Fraction of Population Owning LTCI: This figure presents various measures of the fraction of dpeifation with
positive LTCI ownership. Column 1 is actual holdings of avpte LTCI in the sample. Column 2 is stated ADLI demand.
Column 3 is the union of private ownership and stated dem@otiimn 4 is model predicted ADLI demand.

Thirty one percent of respondents reported that they woultdhase a strictly positive amount of ADLI. Preexist-
ing LTCI holdings may have crowded out ADLI demand, causimajviduals that would otherwise desire ADLI not to
demand any more. A measure combining individuals who edinver LTCI or state a demand to purchase ADLI yields
44 percent of the population expressing a desire to insurk Adks. Thus, a combined extensive margin measure
of stated demand suggests ownership three-quarters timabaél predicted demand. These different measures of
ownership are summarized in Figut2 That the union of stated ADLI demand and actual LTCI holdirgsignifi-
cantly larger than holdings of LTCI, shows that there isatiemand for higher quality insurance products for ADL
risks. That this measure is lower than model predicted ADdrhend suggests that not all of the difference between
predicted and actual holdings is attributable to specifituiees of the LTCI products currently available in the marke

As seen in Figurd3, for lower wealth individuals the combined owned-or-sdateeasure of the fraction of the
population with positive demand is much closer to the c@oading model prediction. At the lowest wealth quintile,
the amount of people with positive stated-or-owned deman@4ipercent of the model predicted. At the second
wealth quintile the owned-or-stated measure is a remagk®blpercent of that predicted by the model. At higher
wealth quintiles owned-or-stated goes from 78 percent alehpredicted in quintile three to 59 percent in quintile
five. The close fit of stated and model predicted demand stgytfest, for the lower wealth quintiles, a large part
of the puzzle can be explained by the low quality of LTCI produavailable in the market. For the higher wealth
quintiles, however, there seems to be an additional sougodisantly contributing to the LTCI puzzle.

Figure 14 presents the histogram of stated ADLI demand for those wigitipe demand. 30 percent of people
who do not own LTCI and 33 percent of LTCI owners state pasidéWDLI demand. Although median stated demand
is zero, there is sizable stated demand: one third of LTClawners that report positive demand indicate a desire to
purchase more than a $20K yearly payout, whiled# percentile of this conditional demand distribution is $48K
For those who do own LTCI, there is more interest in ADLI, wihs demand in the $0-10K payout range, and more
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Figure 13: ADLI Ownership by Wealth Quintile: Stated and Mod el Predicted DemandThis figure presents the fraction of
the population with positive demand for ADLI by wealth quietaccording to the stated demand and model predicted d&man
The red bars on the left show the fraction of the populatioa given quintile who either own LTCI in the VRI or state posgiti
demand for ADLI in the survey, while the green bars on thetragk the corresponding model predictions.

>100
>100

40 60 80 100 40 60 80
Dollars ($1000) Dollars ($1000)
(a) LTCI Non-owners (b) LTCI Owners

Figure 14: Stated ADLI Quantity Demanded: This figure presents the histogram of the ADLI annual payautipased as
stated by survey respondents. The left panel plots stateld ABmand for the 30.1 percent of the population of LTCI non-
owners with positive stated demand. The right panel plots IKd2mand for the 33.3 percent of the population of LTCI ovener
with positive stated demand.
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concentration in the $20—40K payout rarfge.

Since the only people for whom we know the quantity of insaeaowned against the LTC/ADL health realization
is those who own zero LTCI, we next compare stated and modielednd for those who do not own LTCI. While on
the extensive margin stated and model predicted demandidesaipse, modeled demand is systematically larger on
the intensive margin, as seen by comparison of Figi@sd14a Table10documents the distributions of stated and
model predicted demands for LTCI non-owners. Comparinglisigibutions of demand presented in rows 1 and 2 of
Table10, we observe that the mean, median, and all percentiles oéhestimated ADLI demand distributions are at
least as large as the stated ADLI demand distribution. Ehégen more directly in the distribution of differences in
the third row of Tablel0. The median demand difference is $11K and mean differen$82K, suggesting for many
individuals that the model predicts higher demand.

%>0 mean pS5  pl0 p25 psO  pr5  po0  pS

Modeled 58 39,282 0 0 0 17,347 62,204 118,820 155,650
Stated 30 6,793 0 0 0 0 6,000 20,400 40,800
Modeled-Stated 32,489 -18,720 -8,859 O 10,585 57,859 105,877 151,377

Table 10: Distribution of Differences in ADLI Demand: This table presents the distribution of each of the ADLI datha
measures for those individuals that do not own LTCI. The top presents the distribution of model-predicted demarntithe
middle line presents the distribution of stated demand fituersurvey. The bottom line presents the distribution otfifferences
between modeled and stated demand (not the difference dfdtrdbutions).

In summary, both stated and model predicted ADLI demand igr@fisantly larger than existing holdings of
LTCI. First, these two independent measures indicate astdmding of substantial desire to insure against possible
LTC need. Second, the fraction of the population with pesidADLI demand is similar across measures, suggesting
a sizable part of the low ownership of LTCI and the LTCI puzsgldriven by the low quality of LTCI products. Given
that the extensive margin of stated and model predicted Alenhand differ for higher wealth people, there are likely
other motives generating an LTCI puzzle. Last, there stiits an intensive margin LTCI puzzle in which the model
predicts more ADLI demand than people state. In the nexiseate provide an quantitative exploration into possible
features driving the intensive margin LTCI puzzle.

8.3 Predictors of the Estimated vs. Stated ADLI Demand Gap

In this section we analyze our model-bound and model-freeathel measures to provide insight into possible reasons
for their difference. Generally, there are two reason wheyiodel and stated demand measures might not align.
First, factors included in our demand measures might notrtyeeply specified. Second, we might exclude consider-
ations from our demand measures that should be taken intaaicclo identify whether such omitted considerations

contribute to the difference between modeled and statechddsy we develop a general econometric method that
identifies sources of model misspecification both relateiddtuded state variables or preferences and omitted vari-
ables. We define an omitted variable as any variable thabnelgmts may consider when forming demand that is not
included in the model. Such omitted variables, dengtdoias model estimates of demand from an individual’s true
demand.

The somewhat higher intensive and extensive margin demand ®l-holders is not informative about the existence ofvading-out,
since we do not observe their counterfactual demand wherdiheot own LTCI.
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Defining the difference between model-predicted and st@¢edand as
7; := Modeled — Stated, (8)

we decompose the difference into factors related to staiables, preferences, and omitted variabje¥Ve do so by
estimating the following equation, with details on the dation of the estimation equation included in AppenDix®

mi = B°Cf + B°CPY +Tgi + & )
Hy: B° =0, p*=0; I' =0.

We allow the difference to be a nonlinear function of finahaied demographic states and preferences, modeled
non-parametrically by partitioning individuals into regs of the state and parameter space. Variables C are indicat
of the partition element to which each individual belongbatflis, individuals of a similar age, gender, income, health
and wealth will be grouped into the same element of the parti’”. Analogously, those with similar preferences will
be grouped into the same elementdf. Estimation ofl’ > 0 indicates model mis-specification related to variable
g that generates higher demand for insurance relative tedstathileI" < 0 indicates model misspecification that
generates lower demand for insurance.

Table 11 presents results from estimating Equat®mon the sample of people who do not own LTCI with
defined as variables related to omitted model elementstashitotives that would be difficult to model, and potential
behavioral biases. For all variables considered (excdfgmeducation and having a child), we define an indicator
that is equal to one if the respondent’s characteristic ivalthe median value of that characteristic for the sample.
For example]lapr, rneip is €qual to one if the respondents subjective probabilityesfding help with the activities of
daily living for at least one year is above the median respatisl To address concerns of error around the estimated
parameters and demands included in this regression wevf&labin (1987 and estimate this equation for multiple
replicates generated by resampling from the estimatedhypes error distribution. Reported coefficients and steshda
errors reflect this multiple imputation/wild bootstrappiapproach.

We find that the gap is smaller for those who have in the pastr@age inter-vivos transfers to a descendant. This
gap is consistent with the idea that the warm-glow bequestipation that is the current workhorse in the quantitativ
literature sinceNardi (20049 is not a fully adequate summary of the bonds between geoesatModel enrichment
to capture other family-related motives may be warraited/ith regard to survey comprehension, the gap is smaller
for those who performed better at the SSQ comprehensian fHsis suggests that individuals whose responses better
reflect their preferences have stated demands that batjarveith economic modelsBeshears, Choi, Laibson, and
Madrian (2008). It is therefore plausible that demand in a working ADLInket would be somewhat higher than
stated preferences indicate. Finally, the gap is smaltahfise with adverse private information on the likely ldngt
needing care. This suggests that adverse selection magrbcsint problem, and that market provision of actuarially
fair LTCI may be infeasibleHendren(2013). Variables such as real estate holdings, education, fengrobability

ZNote that the above specification ignores mis-specificatiarsed by interaction of state variables and preferendésmfats to control for
these interaction effects through partial correlationsdividual parameters and state variables do not significahange any of the results
presented in this paper, although estimates become lesis@ré-urthermore, we do not find significant evidence thattethfactors predict
demand measures separately.

2’seeBarro (1974, Becker(1974, Bernheim, Shleifer, and Summe985, Barro and Becke(1988, Altonji, Hayashi, and Kotlikoff
(1997, McGarry (1999, Light and McGarry(2009 for different treatments of intergenerational motiveAbel and Warshawsky1988
provides discussion of different modeling approachesdtionalizing bequests.
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ADLI difference

1 2 3 4 5 6 7 8

Irransfers 9,786 6,821
(7,057) (7,312)

Lenita -5,986 -2,725
(7,400) (7,498)

[Real Estate -6,235 -5.643
(6,524) (6,530)

Icotiege -1,742 1,284
(6,607) (6,804)
lcomp. Test -11,541 -10,868
(6,144) (6,271)

Iramity care -3,922 -514
(6,007) (6,227)

TADL hetp -10,379  -9,867

(6,199) (6,206)

Table 11: Omitted Considerations, ADLI: This table presents tHecoefficient from estimation of equati®@on the sample of
respondents who do not own LTCI. The coefficientsirand3® are omitted, but in all estimations these coefficients argljo
significant at the 1% level. See text and Apperifor discussion of3* and3®. Standard Errors are included in parentheses.
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of receiving care from family, among others, do not signiitbapredict the difference.

9 Annuities and the Under-Insurance Puzzle

In this section we repeat the previous exercises for aclafair annuities. The annuity market is more developed
than the market for LTCI products, and most individuals in gample are familiar with them. Just as with ADLI, we

use the model to calculate the implied annuity demands toséimple. Strikingly, all but two percent of respondents
are modeled to purchase a strictly positive amount of anaaetly fair risk free annuity, much higher than the 59

percent of the population predicted to have positive ADlrhded.

0.98

0.24

0.06
[

o -

Figure 15: Fraction of Population Owning Private Annuities: This figure presents various measures of the fraction of the
population with positive annuity ownership. Column 1 isumttholdings of a private annuities in the sample. Columns&sed
demand. Column 3 is the union of private ownership and s@¢eaand. Column 4 is model predicted demand.

Precautionary motives related to long-term care mightarghck of interest in annuities, but above some level
of wealth and income, people have enough resources to becabif insure against an expensive LTC spell using
retirement income and a purchased annuity. Compared to.Bepdpulation, respondents of the VRI generally have
high wealth as well as relatively high anticipated futuredme. Given their financial status and that their bequest
motives are relatively weak, the model suggests that itiisngh to annuitize the bulk of their wealth.

We also collect stated annuity demand measures, the disbribof which is presented in Tabli. The direct
stated demand questions concerning actuarially fair éiesuspecify an annuity as paying a fixed amount of income
annually for remaining life. The hypothetical annuities ¥ehich demand is elicited are described as having no risk
of default, being perfectly indexed for inflation, and asnigefairly priced based on gender, age, and current health.
In identifying respondent demand, it is specified that thay @ one-time, nonrefundable lump sum to purchase the
annuity.

Despite being told explicitly that the offered annuity hasrisk of default, is perfectly indexed for inflation, and
is fairly priced, respondents reported limited intereghis product. Twenty four percent of respondents indiclade t
they would purchase some of this product, substantiallyentiain the six percent of households who own annuities.
This finding suggests some room for poor product featuregptam low annuity ownership rates. Limited interest is
also expressed by a modest-level of demand for the amountaitst income. The 95th percentile of annuity demand
is only $20,000. A regression of this demand on demographitelates yields two highly significant finding.

ZThe results of this estimation are presented in AppeBdix
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mean p5 plO0 p25  psO  pr5  poO  poS
Modeled 47,082 2,987 5,540 15,146 33,708 65,926 108,981 148,414
Stated 2,968 0 0 0 0 0 10,000 20,000
Difference 44,110 1,022 4,166 12,962 31,338 64,112 106,967 140,561

Table 12: Distribution of Differences in Annuity Demand: This table presents the distribution of each of our annugétyand
measures for those individuals that do not own a private ignthe top line presents the model-predicted demandildigion,
and the middle line presents the stated demand distribufioe bottom line presents the distribution of the differsbetween
modeled and stated demand.

First, those with longer life expectancy are significantlgrenlikely to have strictly positive demand than are those
with lower life expectancy. As with ADLI, this points to paske adverse selection in the market for annuities. With
respect to the extensive margin, among those who state iagmdiss to purchase, the quantity purchased increases
strongly with wealth, as expected.

The distribution of stated annuity demand is dramaticalffecent from model-predicted demand. Taldla
presents the demand distributions for both modeled anddsté#mands as well as the distribution of these differ-
ences. The table shows for actuarially fair annuities thatgap between what the model predicts individuals would
demand and what individuals state they would purchase isimeasWe observe that on average the model over-
predicts annuity demand by more than $44K with a median prediction of over $30K. The model predicts most
individuals should allocate most of their wealth to pur@éagprivate annuity, while respondents state that they would
generally only allocate a small share of wealth to such alase: almost all respondents stated demand at levels be-
low 10 percent of their wealth. This illustrates the annpitizzle in dramatic form, yet for a non-standard population.
Figure15 documents visually that the classic annuity puzzle is prieisethe VRI sample, with actual ownership and
model predicted ownership drastically different.

The difference between stated-or-owned and model preflartauity demand is radically larger than the differ-
ence in demands observed for ADLI. Given that stated denanlbser to actual annuity holdings and that both are
much smaller than model predicted annuity demand, the gnpuzzle is likely not driven by differences in annuities
available in the market and the modeled annuity productrdiber something missing in the model. This is in sharp
contrast to ADLI and LTCI, in which a substantial part of thEQ!l puzzle stems from the differences between LTCI
products on sale and the preferred ADLI product.

10 Conclusion

Older Americans face many risks as they age. Foremost aniha&sg tisks is needing assistance with activities of
daily life as health declines. This assistance can be peovither in home or in a long-term care facility. The cost of
this long-term care is high and need for care can be prolanged

Why, then, do so few have private long-term care insurand¢g® plaper uses the newly-created Vanguard Research
Initiative to investigate the factors that low observed Lh@ldings reflect. The VRI includes batteries of questions
that we designed to elicit the demand for insurance agaitesiih-life risks. Using answers to these questions t@geth
with a structural model of decision-making in the face o#lat-life risks, the paper sheds light on whether the lack of
demand for LTCI reflects individual preferences, individciacumstances, or defects in the LTCI products available
in the market.
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Our ability to distinguish among preferences, circumstanand market defects as explanation for low purchase
of LTCI derives from having multiple measures of demand. \&&n@ an idealized insurance product, “Activities of
Daily Life Insurance,” that provides income when indivitkiaeed long-term care. ADLI has none of the defects
of the LTCI available in the marketplace. Using the VRI measuwe present both modeled and stated demand for
ADLI. Modeled and stated demand for ADLI are both subst&ntrafty nine percent of respondents have positive
modeled demand. Conditional on positive modeled demaedartiount demanded is substantial. For those who the
model predicts would buy ADLI, the median demand of typiahfles (males) aged 55-64 is for a $33K ($39K)
annual benefit when LTC is needed, at a one-time cost of $728K}

Modeled and stated demand are correlated within individhalugh stated demand is lower. The difference be-
tween modeled demand, which is derived from circumstantasvie determine in the construction of the model,
and stated demand, which depends on individual circumesarazises from differences between modeled and actual
circumstances. For example, stated and model predictedrioould differ due to unmodeled differences in circum-
stances like an expectation of care from a child. The siitylam popularity of ADLI across measures suggests that
these unmodeled circumstances do not loom too large.

Flaws in existing products provide a partial explanation tfis under-insurance puzzle. The VRI includes a
measure of whether respondents have LTCI. The gap betwated $sDLI demand and actual LTCI purchase should
largely owe to difference between actual and idealized ymtsd This gap is large, suggesting substantial unmet
insurance demand in the market place. Accounting for diffees in individuals’ financial holdings, demographics,
and health-state dependent preferences, model predidtiditate that better quality LTCI would be far more widely
held than are products in the market, be held in large qiesitiand generate substantial consumer surplus.

We also provide a more limited analysis of annuities basestated demand for idealized annuities. Almost no
VRI respondents have private annuities (though they habstantial retirement income through Social Security and
private defined-benefit pensions). Unlike for idealizedurasce against long-term care risk, the VRI respondents
have little interested in idealized insurance againstdwityg risk. Hence, while this finding provides evidence that
the lack of interest in annuities does not derive mainly fidefects in the annuity market, it leaves the annuity puzzle
largely unresolved.

This paper is able to make progress on quantifying explanstior the demand (or the lack of demand) for insur-
ance against late-in-life risks. It combines the strategivey questions (SSQ) approach, which allows us to estimat
relevant preference parameters at the individual leveh miodeling of choices in the face of the large-scale risks th
older households experience. The SSQs elicit choices inthgfical circumstances, but they are based on scenarios
that are highly relevant as individuals prepare for reteatrand then make choices about spending and health care
during retirement. These purpose-designed measuresfefgmee parameters, together with rich information on in-
dividual economic and health circumstances from the VRbwathe choices of individual respondents to be studied
through well-defined economic models. The paper discussdstail how to design and implement SSQs that pro-
vide credible estimates of individual preference parametind then shows that the SSQ responses have substantial
internal and external validity. This paper, by posing arehtpartially answering the long-term care insurance puzzle
demonstrates the usefulness of this approach.

There are substantial challenges in providing market wwisitto the need for long-term care insurance. Our
findings imply, however, that there is substantial unmetatearfor improved insurance against the need for long-term
care and suggest that improvements in insurance offeringddie a boon to older Americans.
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Appendices

A Estimated Model Inputs

A.1 Health and Mortality

Mapping Health States to Data. Health transitions are estimated using HRS waves 2 throQglwith the defined
health states constructed from two sets of questions. Té$tadfitizes self-reported subjective health status qaesti
to classify individuals into good or bad health £ 0 or s = 1).This classification follows criteria presented in the
RAND HRS. Individuals are defined as in good health if theyorepealth being good, very good, or excellent, and
are defined to be in bad health if they report health being po€air.

The second set of questions is used to determine whethedizidimal is in the LTC/ADL state{ = 2). There are
three measures in the HRS that could potentially be usedfifBhé nursing home stay, the second is needs help with
the activities of daily living, and the third is receives h&lith the activities of daily living. Nursing home stay (neor
than 120 nights in a nursing home before the current intergiecurrently in a nursing home at time of interview) is
whatDe Nardi, French, and Joné2010 used. Given that we allow people in the model to choose tipé of care,
we want a less restrictive definition fer= 2. The ADL questions in the RAND version of the HRS list five wities
of daily living and asks if the respondent has difficulty cdetimg those tasks without help. In some sense, these
guestions provide the broadest possible definition of thé Afate, since many people could report having difficulty,
but would still be able to live without receiving help. We dse to implement an intermediate measure: we categorize
and individual as needing help with ADLs if they have diffigulvith at least one ADL and they also receive outside
help completing the ADL task. We choose this state definifime it is most consistent with the ADL definition
presented in the VRI survey.

Estimating the Health-State Transition Matrix. Using the health state definitions above, we estimate a seque
of health transition matrices conditional on a vectgy which includes individuai’s age,t, and genderg. The HRS
only records 2 year health state transitions which we uséduwtify the one-year transition probabilities in a manner
similar toDe Nardi, French, and Jon€2010. To do this, we write the two year transition probabilites

3

3
Pr(sera =jlsi =) = Y Pr(sipa = jlseyr = F)Pr(seey = klsy = i) = Y Thjeq1iks
k=0 k=0

where,

Yik,t

5= tand%k,t:exp(:ni,tﬁk)-
m=0 /1m,

Tkt =
We then estimat@;, using a maximum likelihood estimator, and use these estsrat construct the corresponding
cells in the health transition matrices.
FiguresA.1 andA.2c display the estimated health state transition probadsligr, (s'|¢, s)).

Health Cost. To estimate the mean of the health cost distributjop,q(t, g, s), we regress log out-of-pocket medi-
cal expenditures on age, gender, health state, and interdetms. Using the residuals from this first regression, we

2The questions necessary to make this health state assitanearot available in the 1992 survey, so we exclude this irave the health
transition estimates.
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regress the squared residuals on the same set of statelesaahn the first regression to find the conditional variance
of medical expenses;? (¢, g, s). Discretizing the error termy ~ N (0, 1) into separate health cost states determines
the medical expense process.

Out-of-Pocket Health Cost Shocks. FigureA.3 plots the mandatory health costs spent over the life cyclmén

of different health status. Men in poor health spend arout@3$nore per year out of pocket for health costs than
healthy men. Later in life, men in need of LTC spend about $®0@0e than healthy men for non-LTC health costs.
Overall, out of pocket health costs are much smaller than &Xg=nditures and thus contribute little to the overall
precautionary savings motive.

A.2 Income

We estimate a deterministic income process from the crestsasal income distribution. Income is defined as the
sum of labor income, publicly and privately provided pensicand disability income, as measured in VRI Survey 1.
The income processes are estimated to be a function of aacbnage, age squared, gender, and the interaction of
gender and age. To ensure that income is positive in all g&eriwe estimate a quantile regression of log income on
these variables. Because we allow for 5 income profiles, tia@iile regression is estimated for th#”, 30", 50",

70", and90*" percentiles of the income distribution. We calibrate ogoime processes to the resulting estimates and
group individuals into income profile quintiles.
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B Validation Exercises

This appendix presents results from validation exercisekdy survey instruments. It first examines how SSQ re-
sponses correlate with other variables, and then examesstated annuity demand correlates with relevant vari-
ables. Corresponding exercises for SSQ 3 and stated ADLadérare presented in the paper.

SSQ 1 TableB.1regresses SSQ 1 responses on the respondents ownershiptyf Bgspondents that do not own
equity exhibit some evidence that they would be less wiltmgisk future income for a chance at doubling income.
Such individuals would be considered more risk averse.

SSQla SSQ1b

No equity -2890.87 -2518.79
(3528.23) (1437.26)

Age -2160.43 -1449.8
(9093.02) (3692.05)

Age’ 35.75 19.51
(127.17) (51.64)
Age’ -0.19 -0.09
(.59) (.24)

Health: Poor 3396.57 -770.19
(2645.17) (1073.20)

Health: ADL -7880.16  -6274.23

(5801.23) (2491.90)
Income Quintile: 2 651.91 -760.05
(1733.43) (703.60)
Income Quintile: 3 -1484.81 -239.31
(1793.88) (725.39)
Income Quintile: 4 -2356.25 -1866.28
(1752.99) (711.14)
Income Quintile: 5 -215.54 -1232.80
(1839.01) (745.27)
Female 4003.05 1260.96
(1090.83)  (442.36)
College or Higher 364.78 -412.27
(1288.13) (521.99)

Log(Wealth) -101.86  281.22
(534.23)  (216.91)
N 1,086 1,086

Table B.1: External Validation of SSQs 1: This table presents the results from a Tobit regression 6f $®esponses on the
listed covariates.
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SSQ 2a SSQ 2b SSQ 2c
Predicted Average Cost of ADL Care -.01 .01 .00
(.01) (.01) (.01)
Family Care Probability -47.39 -27.11 -11.71
(23.67) (20.47) (13.03)
Own Private LTCI 1413.97 1319.49 1559.72
(1473.88) (1292.41) (822.26)
Public LTC Facility vs Private Ranking (1-5) 1105.05 11538.4 149.96
(782.12) (685.61) (436.23)
Subj. Prob of ADL need for 1 year -590.72 569.13 250.83
(1180.95) (1035.46) (658.77)
Age -4419.66 11786.23 4329.54
(11916.13) (10448.18) (6648.32)
Age? 62.59 -241.13 -56.46
(169.27) (148.42) (94.44)
Agée? -.27 1.09 .25
(.79) (.70) (.44)
Health: Poor 23475.37 -579.42 -3628.50
(2874.03) (2521.13) (1604.86)
Health: ADL -45859.72 186.35 -4914.70
(6235.94) (5434.30) (3452.86)
Income Quintile: 2 -1604.81 -557.64 -1023.98
(1870.98) (1640.46)  (104390.00)
Income Quintile: 3 -415.03 -1770.96 -1043.34
(1937.79) (1699.07) (1080.37)
Income Quintile: 4 -4021.63 -2918.75 -1648.65
(1903.79) (1668.65) (1061.68)
Income Quintile: 5 -4766.32 -2209.07 -951.83
(1993.76) (1747.56) (1111.47)
Female -359.41 -651.06 1383.57
(119.44) (1046.27) (665.57)
College or Higher 61.68 1201.94 -722.12
(1398.27) (1225.56) (779.56)
Log(Wealth) -1185.08 -1069.65 -624.44
(574.72) (503.92) (320.44)
N 1,086 1,086 1,086

Table B.2: External Validation of SSQs 2: This table presents the results from a Tobit regression @ 33esponses on
the listed covariates. Missing observations related toilyaGare Probability, Predicted Average Cost of ADL Cared dhe
Subjective Probability of Needing help with ADLs coming tincattrition between Survey 2 and 3 are addressed via dummy
variables for missing observations.

SSQ 2 TableB.2presents results of a regression of SSQ 2 responses on despeharacteristics. There is evidence

that respondents that own LTCI assign more wealth to the Aatesindicating a greater preference for wealth when
in need of help with ADLSs.
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SSQ 4a

Predicted Average Cost of ADL Care .01
(.01)
Family Care Probability -23.85
(20.62)
Own Private LTCI 1306.05
(1291.73)
Total Transfers to Descendants in last 3 years -3.5e-3
(.02)
Public LTC Facility vs Private Ranking (1-5) (1170.57)
(684.31)
Subj. Prob of ADL need for 1 year 573.83
(1034.31)
Age 17557.61
(10435.53)
Age? -237.98
(148.24)
Age® 1.07
(.70)
Health: Poor -565.05
(2516.65)
Health: Poor 228.07
(5425.09)
Income Quintile: 2 -599.13
(1637.37)
Income Quintile: 3 -1765.51
(1696.82)
Income Quintile: 4 -2897.08
(1669.79)
Income Quintile: 5 -2146.97
(1773.72)
Female -658.80
(1044.65)
College or Higher 1215.54
(1223.56)
Log(Wealth) -1046.09
(506.97)
N 1086

Table B.3: External Validation of SSQ 4: This table presents the results from a Tobit regression 6f &3%esponses on the
listed covariates. issing observations related to Famaiye®robability, Predicted Average Cost of ADL Care, and3hbjective
Probability of Needing help with ADLs coming from attritidretween Survey 2 and 3 are addressed via dummy variables for
missing observations.

SSQ 4 TableB.3 presents results of a regression of response to SSQ 4 onategarincluding the respondents
opinion of government care. Specifically, the variable ¢éiiast is an indicator of whether the respondent indicates a
more favorable view of publicly provided LTC than the mediaspondent. Respondents that have a more favorable
opinion of publicly provided LTC assign a higher indiffecenpoint to SSQ 4, signifying that they would be less
willing to forgo the government care option at low wealthdksy
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Tannso  Annual Income

Subj. Prob of Survival (Above Median) .22 -293.77
(.09) (1578.73)
Age .82 14249.78
(1.01) (16812.93)
Age’ -.01 -209.82
(.01) (241.22)
Age’ 5.50E-05 1.02
6.80E-05 (1.14)
Health: Poor .23 720.12
(.22) (3532.51)
Health: Poor -.08 3807.43
(.57) (11508.28)
Income Quintile: 2 A1 -3466.09
(.15) (2524.96)
Income Quintile: 3 .06 708.25
(.15) (2569.15)
Income Quintile: 4 13 -265.64
(.15) (2547.29)
Income Quintile: 5 .07 2357.49
(.16) (2608.58)
Female .18 2884.34
(.09) (1492.53)
College or Higher -.04 -1801.32
(.11) (1816.60)
Log(Wealth) A1 2170.86
(.05) (934.27)
N 1016 226

Table B.4: Validation of Surveyed Annuity Demand Measure:This table shows how annuity demand is predicted by various
covariates. Our measure of longevity is whether an indefdexpectation on the probability of living for 10-20 yeas above
or below median, conditional on current age.
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C Robustness

Baseline

Alt. Estimates

r=.03

10% load

20% load

30% load

Housing Wealth

No Min. Expenditure
Multiplicative Errors
Population Parameters
Alt. Subsamples

Employer Subsample
HRS weights

Home Owners

LTCI Owners

%>0 Mean

58

54
55
54
54
62
54

63

67,264

65,764
66,254
62,962
59,923
77,545
70,712
56,563
96,374

50,285
47,696
69,187
71,520

pS  plo
8,845 13,108
8,094 14,623
7,930 12,720
7,255 13,227
6,773 12,505
9,683 16,677
7,946 12,891
8,551 16,648

62,289 68,286

8,015 8,885
6,043 6,812
10,137 15,651
9,612 18,826

P25  psO  p7s  po0  p9s
29,070 54,740 93,449 148,143 180,556

29,057 53,962 88,995 141,207 178,275
30,104 53,257 88,654 149,928 175,342
29,512 51,212 83,720 133,913 165,648
28,257 50,377 82,270 126,423 155,934
34,923 62,749 103,619 166,392 244,94
33,537 58,492 94,365 164,076 181,407
28,157 43,247 74,715 107,812 153,489
75,053 85,511 109,235 149,240 8775

20,609 41,617 70,466 102,391 141,093
10,833 34,246 65,223 107,986 150,038
31,262 57,353 97,129 146,690 197,72
26,057 57,610 109,535 149,846 1B1,17

Table C.1: Robustness of ADLI Quantity Demanded: This table presents ADLI demands for various specificatiang
subsamples. Demand measures are for the subsample of thiajpmpthat does not own any private LTCI.

Wealth

Income

N=162

Wealth and Income

Mean  10p  25p
540,510 52,473

sp 75 90p

168,150 392,926 836,400 1,161,000

77,887 37,500 50,000 72,065 104,000 130,000

Demographics

Age Health Gender
55-64 65-74 75+ Good Poor ADL Male Female
68.5% 28.4% 3.1% 95.7% 3.1% 1.2% 451% 54.9%

Table C.2: Summary Statistics on Wealth, Income, Health, Ag, and Gender—Employer sample:This table presents the
marginal distributions of wealth, income, and demographaracteristics of the subsample of respondents that imesnployer
sponsored Vanguard account.
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Figure C.1: Distribution of the Price Elasticity of Demand: This figure presents the histogram of the elasticity of desman
with respect to price for those who own LTCI. It plots the dizition of the percent change in demand to a one percerdgaser
in price, local to the optimal demand level and given price.
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Figure C.2: Consumer Surplus for LTCI owners: This figure presents consumer surplus measures for theraplsavho
owns LTCI. The left panel presents the histogram of conswsuglus. Consumer surplus is the maximum people are wilting
pay to purchase their desired amount of insurance aboveritetphey actually paid. The right panel presents a box pithe
consumer surplus by wealth quintile.

ADLI Demand Function for LTCI Owners.
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D Exploring the Model Predicted and Stated Demand Differene

In this section we develop an econometric method that esilithe difference between modeled and stated demand
to identify sources of model mis-specification. Defipeas the difference between model and stated demand for
individual :

1; = Modeled — Stated.

Assume that this differencg; can generally be expressed as a function of modeled stasbhez;, preference
parameter®;, and other, undetermined state varialjgsThus,

n=G(z,0,q).

G is thus a generic function of our demand measurement erabatiows for differences in demand measures from
two distinct sources. First, differences in demand measentés could be caused by mis-specification of included
model elements as dictated Byandx. For example, mis-specification of the functional form oéferences could
cause systematic variation i as a function oo, while use of incorrect health transition probabilitieshigh we
model only as a function af) could cause); to be dependent upon included state variables gender and/fage
second cause of differences in demand measurement coufdibsian of relevant state variablegrom our modeled
demands. For example, the model in this paper does not @rtbiel effect of children and family on the saving and
insurance purchase decisions. Similarly, private infdiomeabout individuals’ health is omitted from the model but
presumably affects stated demand.

Each of these variable sets could affect both measures cdnPreference® andx are the factors that are
modeled, reflecting opinions of the model-builders thay thee the relevant variables in stated insurance purchase
decisions. Omitted variablescould affect decisions two ways. First, in recovering patrs©, SSQ responses
are interpreted as being determined by a limited numberadbfa. Omission of these factors from the model could
impact this interpretation and thus affect modeled demémdddition, stated demand is possibly affected by factors
that are not considered in the model. Given that most facffect both demand measures simultaneously, it is
difficult to determine exactly how each will affect the diffmce between modeled and stated demand. In general,
however, one would expect omitted variables that discaumgchase of insurance products to be associated with
lower model differences. Similarly, model mis-specifioatthat encourages demand for insurance products might be
associated with larger differences in demand measuress, Dmuitted risks that encourage precautionary holding of
liquid wealth should correspond to larger demand diffeesnevhile overstated insurable risks should correspond to
smaller differences in demand measures.

Returning to the model of demand differences, we assumetican be approximated as

G(7,0,q) = g:(z) + go(©) + g4(q). (D.1)

This decomposition assumes that there is no effect on deditiaences due to the interaction between modeled state
variablesr, estimated parameter g8t and omitted variableg. It is thus a first order approximation to the function of
interest. The separability of effects of state variable pahmeter sets is primarily necessary for tractabilityithar
examination of this assumption does not appear to changkiedamental conclusions. The separability of omitted
variablesq and parameter se€3 or state variables likely weakens the closeness of our approximation. Giveu th
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we are primarily interested in identifying the presence wiitted factorsqy and not the quantitative effect however,
this assumption should not be restrictive. It is only resitre if the omitted variable only affects the difference in
demand measurements through its interaction with stateblasz and©.

The assumptions of additive separability provide convanieterpretation. For each functign g # 0 implies
model mis-specification (relative to stated demands) edlab the relevant variables. Thug,(z) # 0 suggests
model mis-specification related to modeled state varialig8d) # 0 suggests model mis-specification related to
preference parameters, aggq) # 0 suggests model mis-specification related to omitted visap Furthermore,

g > 0 suggests mis-specification that causes model demand toebstaied relative to stated demand, wljile: 0
suggest mis-specification that causes model demand to rstatkd relative to stated demand. To estimate this
function, we take a non-parametric approach that does sanaes any functional form fagg andg, . Specifically,
partition the space of feasibt andz into P© = {PO}X° andP” = { P¥}/”, respectively. Using these partitions,
define vectorssP > {CF, = 1 <= ©; € PP} andCy 3 {Cf, =1 <= x,; € P7}. Finally, defining vectors
BP = g(©) forany® € P2 andsf = g(z) for anyz € P, the functions of interest

90(0;) = BoCP
9o () = BTCF

are approximated to arbitrary precision for sufficienthefpartitions. Finally, model-omitted variablgsre examined
one at a time. Given primary interest in the significance agd sf g(¢), we approximatey, with a linear function,
such thay,(¢) = I'q. Substituting these expressions into equabohyields

G(x,0,q) = BOCP + B*CY + T'q;, (D.2)
which we use to estimate
. _ RO x T . .

EquationD.3 permits testing of the null hypothesig, : 5° = 0; 5% = 0;T = 0. Rejection of the null hypothesis for
39 or B* suggests that the existing state variables included intouctsral model are not incorporated in a way that
fully reflects their impact on demarifl. Similarly, a positive coefficient off indicates that the variables incause
the model to overpredict demand, while a negative coefficiarl’ indicates that the variables incause the model

to underpredict demand. It is thus reasonable to expectangbles that reflect missing risks or savings motives that
are not included in our model to be estimated to have a signifipositive coefficient.

To implement this estimation, we must first construct outipans P© andP*. P* is constructed according
to the discrete value of all state variables except wealtbcaBse wealth is continuous, we discretize it according
to $50,000 bins up to $1,000,000, and $200,000 bins thered® is a partition of continuous valued parameters.
We discretize this by sorting individuals into partitionscarding to whether each parameter is above or below the
population median.

30As mentioned when discussing equatidri, the above specification does not control for effects of tieraction between preferences and
modeled state variables. Attempts to control for thesectffirough inclusion of first order cross-partialsafandz; weakens precision of
estimates but does not impact significance of other coefticie
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