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Abstract

The welfare associated with public insurance is often difficult to quantify. Relative to private insur-
ance, a fundamental difficulty is that public insurance is typically compulsory, so the demand for coverage
is unobserved and thus cannot be used to analyze welfare. However, in many public insurance settings,
individuals can purchase private insurance to supplement their public coverage. In this paper, we outline
an approach to use data and variation from private complementary insurance to quantify welfare associated
with several counterfactuals related to compulsory public insurance. Using administrative data from one
large firm on employee long-term disability insurance, we then apply this approach empirically to quantify
the value of disability insurance among this population. We use premium variation among the employer-
provided disability policies to quantify the surplus that would be generated by increasing the replacement
rate of disability insurance for our sample population—a counterfactual that is within the set of insurance
contracts observed in this setting. In addition, we estimate a lower bound on the surplus generated by
public disability insurance in this context. Our findings suggest that public disability insurance generates
substantial surplus for this population, and there may be gains to increasing the generosity of coverage in
this context.
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Social insurance programs are ubiquitous and cover many of the largest risks individuals face. To determine
the welfare generated by public insurance, it is important to quantify both the benefits and the costs of this
insurance. While the costs of public insurance are relatively straightforward to calculate, the benefits of
public insurance are often difficult to quantify. A fundamental difficulty is that public insurance is typically
compulsory, so the demand for this non-market good is unobserved and thus cannot be used to infer the
value individuals place on coverage. While a relatively large literature has worked to quantify welfare in
private insurance markets, this difficulty may explain why there have been far fewer studies investigating
the welfare associated with public insurance.

Several recent studies investigate welfare within private insurance markets (e.g., [Hackmann, Kolstad
and Kowalski| (2015), [Bundorf, Levin and Mahoney| (2012), Einav, Finkelstein and Cullen|(2010)). Although
recent studies investigating welfare in private insurance settings use a range of methods, the commonal-
ity among these studies is that they use price variation to identify the demand for insurance and thus the
value individuals place on coverageE] Perhaps because of the unique challenges that arise in the setting of
compulsory public insurance, a recent literature on the welfare generated by compulsory public insurance
has evolved independently of the literature on welfare in private insurance settings. A handful of recent
studies have analyzed welfare within public insurance settings, such as Medicaid (Finkelstein, Hendren and
Luttmer|(2015)), unemployment insurance (e.g., Chetty|(2008), |Gruber| (1997)), and disability insurance (Low
and Pistaferri| (2015), (Chandra and Samwick| (2005)). While these studies employ a range of approaches
across these settings, all of these studies confront the fact that demand for compulsory public coverage is
unobserved by making several critical assumptions on the nature of individual utility (or marginal utility),
uncertainty, and heterogeneity to estimate welfare, often employing data on consumption or assetsE] Impor-
tantly, these studies make several assumptions that can meaningfully affect the resulting welfare analysis
and are often difficult to empirically validate.

In this paper, we propose a complementary approach to analyzing the welfare associated with public
insurance that leverages the fact that individuals can often purchase supplemental private insurance to top-
up the benefits of compulsory public insurance. The basic idea behind this approach is simple: The existence
of complementary private insurance allows us to extend standard willingness-to-pay approaches used in
private insurance settings and apply these to welfare questions associated with compulsory public insurance.
Relative to other approaches to value compulsory public insurance, the approach outlined in this paper
requires minimal assumptions and can be implemented using commonly available data and variation.

While the existence of parallel private and public insurance is a necessary condition to implement this
approach, it turns out that this is a common feature of many social insurance programs in the United States
and abroadﬂ Some of the largest social insurance programs in the United States have this feature including
Medicare (private Medigap insurance), Social Security disability insurance (private long-term disability in-
surance), and Social Security retirement benefits (private annuities). The model of complementary public and
private insurance is also very common outside of the United States, particularly in the context of universal

1See|Einav, Finkelstein and Levin|(2010) for a review of the literature on welfare analysis in private insurance markets and a discussion
of the various empirical methods employed in this literature.

2Gee Chetty and Finkelstein| (2013) for a review of the recent literature on social insurance. In addition, see [Finkelstein, Hendren and
Luttmer| (2015) for a discussion of some of the trade-offs between modeling assumptions and data requirements in conducting welfare
analysis in compulsory public insurance settings.

3Despite that fact that private insurance is often available to top-up compulsory public insurance, most of the prior literature on wel-
fare analysis in compulsory public insurance settings abstracts from opportunities individuals have to purchase private complementary
coverage. A notable exception is|Chetty and Saez|(2010) who characterize the impact of endogenous private insurance on the welfare
associated with government intervention under a range of different modeling assumptions.



public health insurance. Many countries that provide universal public health insurance also allow individ-
uals to purchase complementary private health insurance coverage to top-up the incomplete public health
insurance benefits including France, the Netherlands, Canada, Denmark, Japan, Switzerland, New Zealand,
Italy, England, Norway, and Sweden.

Intuitively, in settings in which individuals can purchase private complementary insurance, coverage
decisions individuals make in the private supplemental insurance market can inform us about individu-
als” willingness-to-pay for extending the generosity of the compulsory coverage to include the benefits of
supplemental insurance, and, in some settings, these decisions can inform us about individuals” underlying
valuation of the inframarginal compulsory public coverage. We formalize this intuition by developing a the-
oretical framework which illustrates that data and variation from the market for supplemental insurance can
be used to quantify welfare associated with several policy-relevant counterfactuals related to compulsory
public insurance. We then apply this framework to the context of disability insurance using administrative
data on enrollment and claims from one large employer that provides its employees long-term disability
insurance that supplements the wage replacement benefits of public disability insurance.

The paper begins by outlining a framework that can be used to evaluate welfare in the setting of com-
plementary public and private insurance. The modeling approach builds upon prior work by [Einav and
Finkelstein| (2011) and Einav, Finkelstein and Cullen| (2010). The key empirical inputs into the welfare analy-
sis are the demand and cost curves associated with the private supplemental insurance market. We describe
how these demand and costs curves can be used to evaluate a wide range of counterfactuals related to com-
pulsory public insurance, including marginal counterfactuals (related to the incremental coverage sold in the
existing market for supplemental insurance) and inframarginal counterfactuals (related to the inframarginal
coverage provided by the compulsory public insurance).

For instance, consider the welfare associated with a particular marginal counterfactual: an extension of
the generosity of compulsory public insurance to include the coverage provided by private supplemental
insurance. The existence of a private supplemental insurance market provides the opportunity to study the
welfare from extending the generosity of public insurance to incorporate the coverage provided by supple-
mental insurance because we effectively observe a market for the extension of this public coverage. Thus, we
illustrate how a straightforward extension of the [Einav and Finkelstein| (2011) framework can be used to in-
vestigate the welfare associated with an expansion of the generosity of compulsory public insurance, where
we incorporate key features that can matter in this setting such as externalities induced by the supplemental
insurance and crowd-out of the private supplemental insurance market.

Beyond estimating the welfare generated by a marginal extension of public insurance, one might also be
interested in broader counterfactuals that involve quantifying the welfare associated with insurance coverage
for which we cannot directly estimate demand. Within the setting of social insurance, a particular broader
counterfactual of interest is quantifying the total welfare generated by the social insurance program relative
to the absence of insurance for this risk. In the recent literature on welfare analysis within private insurance
markets, one common approach to this type of inframarginal welfare analysis is to specify a structural model
of decision-making, use empirical variation in premiums and other product attributes to estimate the primi-
tives of the model, and then use the fitted model to investigate broader welfare questions of interest. While
this basic structural approach could be applied in settings with complementary private and public insurance,
a main disadvantage of this approach is that it generally requires a lot of assumptions on the form of utility,

4In some of these countries, private supplemental insurance covers the cost-sharing associated with services partially covered by
the compulsory public insurance; in other countries, private supplemental insurance covers complementary services not covered by
the compulsory public insurance (e.g., drugs, dental, out-of-network doctors/hospitals). For a detailed overview of parallel public and
private health insurance internationally, see|Thomson et al.| (2013).



the distribution of risk individuals face, and the degree of heterogeneity across individuals.

We outline an alternative, complementary approach to study the total welfare generated by compulsory
public insurance, which relies on the demand and cost curves associated with supplemental insurance (the
same objects required to implement the marginal welfare analysis described above). Looking toward the em-
pirical application to disability insurance, we focus attention on the case where public and private insurance
provide coverage that is linear in the insured loss. We then derive a lower bound on the total surplus gener-
ated by the inframarginal compulsory public insurance coverage in terms of the demand and cost curves that
can be estimated within the supplemental insurance market. This derivation relies on minimal assumptions
on the nature of individual preferences, and we provide a simple and intuitive sufficient condition applicable
when preferences are represented by a univariate utility function: utility exhibits non-increasing absolute risk
aversion. Note that this property is satisfied by most common utility functions used by empiricists, including
CARA, CRRA, and a broader class of empirically relevant HARA utility functions. Importantly, while this
approach requires some minimal restrictions on the nature of individual preferences, this bounding approach
does not require specifying a particular utility function, specifying the distribution of risk individuals face,
or restricting heterogeneity across individuals. Thus, relative to a more structural approach, the key advan-
tage of this approach is that it requires many fewer assumptions, while the disadvantage is that it delivers a
bound rather than a precise welfare number.

Using administrative data from one large firm on employee long-term disability (LTD) insurance, we then
apply this approach empirically to quantify the value of the wage replacement benefits of disability insurance
among this population. Disability insurance is a particularly important setting in which to understand the
welfare associated with insurance, as the threat of a career-ending disability is one of the largest financial
risks many individuals face, and the public Social Security Disability Insurance (SSDI) program is one of the
largest social insurance programs in the United States. In 2014, approximately 9 million disabled workers
received SSDI benefits, and the total SSDI benefits paid exceeded $140 bﬂlionE] Despite the large size of this
social insurance program, there has been very little research quantifying the welfare provided by disability
insuranceﬂ[] In addition to the coverage available to workers through SSDI, 34% of US workers have the
opportunity to purchase private supplemental LTD coverage through their employer to top-up the benefits
of SSDIE] A typical empirical challenge to investigating the welfare associated with public SSDI coverage
(relative to other social insurance programs) is that it is a national program with little variation in coverage
across workers. Thus, disability insurance is a natural context to apply the framework described above as it
allows us to use variation within employer-provided private supplemental LTD insurance to overcome this
key empirical challenge and analyze the welfare associated with disability insurance.

5Source: https://www.ssa.gov/policy/docs/statcomps/supplement/2015/highlights.pdf,

6While there has been limited research on the consumption-smoothing benefits of disability insurance, there are a small number
of recent related studies. A few recent papers document consumption changes in response to disability onset or major health shocks:
Meyer and Mok| (2013) document changes in consumption and income that follow a change in self-reported disability status using
PSID data; [Kostol and Mogstad| (2015) document changes in income and consumption among denied and approved disability insur-
ance applicants in Norway; |Dobkin et al.| (2016) document consumption changes following major hospitalizations, providing indirect
evidence on individuals” exposure to disability-induced earnings losses. In addition, a few papers have investigated the ex ante welfare
provided by disability insurance using calibrated life-cycle models (see |Low and Pistaferri| (2015), (Chandra and Samwick| (2005)). In
another recent study, |Autor, Kostol and Mogstad| (2015) employ a structural model along with earnings and consumption data to esti-
mate Norwegian disability insurance applicants’ implied willingness-to-pay to be approved for disability insurance. In contrast to these
few related papers which rely on consumption data and/or calibrated life-cycle models to infer the value of disability insurance, the
approach in the present paper employs data and variation from the market for supplemental disability coverage to directly investigate
the willingness-to-pay for disability insurance and the welfare associated with this coverage.

7While there has been relatively little research on the welfare associated with disability insurance, there has been extensive research
on the causes and consequences of the vast growth in disability insurance rolls over time. See Autor and Duggan| (2006) and |Liebman
(2015) for a review of this literature.

8These statistics are reported in Table 16 of the U.S. Department of Labor’s National Compensation Survey, Employee Benefits in the
U.S., March 2015 publication at: http://www.bls.gov/ncs/ebs/benefits/2015/ownership/civilian/tablel6a.pdf,
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http://www.bls.gov/ncs/ebs/benefits/2015/ownership/civilian/table16a.pdf

We apply the welfare framework by leveraging premium variation and the subsequent decisions em-
ployees make in the context of LTD insurance at one large firm, Alcoa, Inc. There are several nice features
of the data and environment for this empirical application. First, the firm offers employees three vertically
differentiated plans with wage replacement rates of 50%, 60%, and 70% in the event of disability. Second, the
basic 50% replacement rate plan is free for all employees. This is convenient as no one opts out of the plans,
and thus claims data is available for all employees. Third, there is variation over time in the incremental pre-
mium for the highest generosity plan. This variation allows us to trace out the relative demand curves for an
incremental 10% replacement rate, starting from a baseline 60% replacement rate. Fourth, the administrative
data include information on disability claims in addition to disability insurance enrollment, so the demand
estimates can be paired with cost data to evaluate welfare. Lastly, the firm’s disability plans explicitly require
workers to apply to SSDI and, if approved, SSDI benefits crowd-out LTD benefits dollar for dollar. In this
way, the LTD plans at this firm top-up the compulsory public insurance, providing a natural interpretation
to our estimates.

Using premium variation among the LTD policies available to employees, we find that the demand for
supplemental disability coverage is price-sensitive. Our baseline estimates indicate that if the premium for
the most generous LTD plan increases by 0.1% of annual earnings, enrollment would decline by 7 percent-
age points. This is precisely estimated and robust to controlling for time trends and individual fixed-effects.
Based on our estimates, the implied mean willingness-to-pay for the incremental 10% replacement rate (start-
ing from the baseline of 60% wage replacement) is roughly 0.3% of annual earnings, or $202 annually for a
worker earning $65,000 a year (roughly the mean annual earnings in the population). When scaling this by
the costs of providing this incremental coverage, we find that on average individuals value this incremen-
tal coverage at more than two and a half times the cost of providing this incremental coverage, indicating
that the incremental disability coverage moving from a 60% to a 70% replacement rate is associated with
substantial welfare. While these estimates suggest that the benefits of disability coverage on the margin far
outweigh the costs for this population, to evaluate the welfare associated with an extension of compulsory
public coverage one would need to account for any potential crowd-out of private supplemental insurance.
In the empirical context, crowd-out of the private LTD insurance available within the firm reduces the value
of an extension of compulsory coverage substantially.

In addition to evaluating the welfare associated with a marginal extension of disability coverage, we also
use the estimates to obtain a lower bound on the surplus generated by the inframarginal public compulsory
disability insurance relative to the absence of insurance for this risk. Because the estimates indicate that
individuals highly value disability coverage on the margin, we obtain a meaningful lower bound on the value
of the inframarginal coverage. Based on these estimates, the total surplus generated by public insurance is at
least 0.7% of annual earnings, or $440 annually for a worker with annual earnings of $65,000. It is important
to emphasize that these estimates come from a particular population that is not representative of a broader
set of workers. However, based on these estimates, workers in this population seem to highly value the
inframarginal disability coverage offered by public disability insurance, and, if it were not for the fact that
this firm offers fairly priced supplemental coverage, there would be significant welfare gains from extending
the generosity of public coverage for these workers. We demonstrate that these results are robust to a wide
range of alternative specifications.

While the empirical results are specific to the population we examine, our analysis also highlights some
general strengths of this approach for evaluating the welfare generated by compulsory public insurance.
First, this method requires straightforward variation and limited data to be implemented empirically. Imple-
menting this approach simply requires sufficient variation in the price of supplemental coverage to estimate



the demand curve for supplemental coverage and standard data on prices, insurance enrollment, and costs.
In contrast, other approaches to valuing public insurance often require isolating random (or like-random)
assignment of benefits within the compulsory public insurance program and often require data on consump-
tion or assets (data that is typically difficult to obtain and can be subject to measurement error). Second,
this approach does not require us to specify many of the underlying primitives of individuals” decisions.
The fact that this approach requires so few assumptions is in stark contrast to other approaches of valuing
compulsory public coverage which rely on fully specifying individual utility (or marginal utility), obtaining
data on all the inputs in the utility (or marginal utility), specifying the uncertainty individuals face, and/or
assumptions on the nature of individuals’ optimization. Third, this approach is flexible enough to be applied
in a broad range of settings. It is straightforward to apply this approach to any setting with complementary
public and private insurance to estimate the welfare associated with extending the generosity of public insur-
ance to include the benefits provided by complementary private insurance. In settings with linear coverage,
this approach can be used to go beyond marginal welfare questions and bound the welfare generated by
the inframarginal compulsory public coverage under minimal assumptions. Of course, this approach is not
without limitations. A primary limitation of this approach is that it can only be applied in settings in which
individuals are permitted to buy supplemental insurance coverage. While there are many public insurance
settings in which individuals can buy complementary coverage (e.g., disability insurance, universal health
insurance settings such as Medicare, etc.), there are some public insurance settings in which no complemen-
tary coverage is typically available (e.g., unemployment insurance, means-tested public insurance such as
Medicaid), and in these settings this approach cannot be applied.

The remainder of the paper proceeds as follows. Section [l] describes the framework for evaluating wel-
fare. Section 2] presents background on the empirical application and describes the data. Section [3] describes
the empirical strategy, and Section |4 presents the empirical results and implied welfare analysis. Lastly,
Section[5lconcludes.

1 Framework

1.1 Model

Setup and Notation The setup of our framework draws heavily upon prior work by [Einav and Finkelstein
(2011) and Einav, Finkelstein and Cullen| (2010). Suppose there is a population of heterogeneous individuals,
indexed by ¢. Let G(p) represent the distribution of the population. An important aspect of this approach is
that heterogeneity across individuals is unrestricted. Importantly, this means ¢ may be multi-dimensional to
include variation in preferences and risk, and there are no restrictions on G.

Individuals each face some downside disposable income risk. Looking forward to our empirical appli-
cation, let us consider linear insurance products where the generosity of insurance is indexed by the fraction
of the risk covered by the insuranceﬂ Specifically, consider a supplemental insurance product that provides
0 generosity coverage on top of baseline public compulsory insurance coverage of generosity «, so that an
individual who holds both the baseline and supplemental insurance has total coverage of generosity a + 4.
Let (6, v|¢) represent an individual’s willingness-to-pay for coverage of generosity 6 relative to the outside
option of coverage of generosity +. In this notation, we can represent the willingness-to-pay for supplemen-
tal coverage (7(a + 6, @|¢)) and the willingness-to-pay for the compulsory baseline coverage (w(«, 0]p)). Let
c(0,~|¢) represent the expected cost borne by insurance providers for an individual with coverage of gen-

9While the framework is described in terms of linear contracts, all of the welfare analysis within the “marginal counterfactuals” can
easily be extended to non-linear insurance settings as discussed further below.



erosity 6 relative to coverage of generosity ~. In this notation, we can describe the expected cost associated
with an individual buying supplemental coverage as the sum of two components,

cla+8,alp) = c*(a+d,alp) +c”(a +6,alp), 1)

where ¢ (a + 6, ap) is the expected cost to the supplemental insurer for providing this incremental coverage
of generosity d to the individual, and ¢ (a4, ay) is the expected external cost associated with the individual
having this incremental coverage which are borne by the primary insurerEF] In the special case where the
supplemental coverage is not associated with an externality on the primary insurer (with linear contracts,
this is equivalent to the case of no moral hazard), then there is no external cost for the primary insurer,
cP(a + 8,alp) = 0, and thus the total expected cost is simply the expected cost to the supplemental insurer,
cla+6,alp) = c*(a+d,alp).

Supplemental Insurance Market: Demand, Costs, and Equilibrium Suppose each individual makes a dis-
crete choice whether to buy supplemental insurance of generosity § for (relative) price p or go with the outside
option of the basic compulsory insurance of generosity a. Define the demand curve for this supplemental
coverage as follows:

D(plar+6,0) = / 1(m(or + 6. alp) > p)dG(p), @)

where we assume the underlying primitives in the population are such that demand is decreasing, con-
tinuous, and differentiable. Throughout we ignore income effects associated with changes in the price of
supplemental insuranceEr] As will become clear, the theoretical framework explicitly accommodates income
effects associated with a change in the generosity of the inframarginal coverage.

Define the social marginal cost and social average cost curve for an insurance product that provides §

generosity coverage on top of a baseline coverage of generosity « as follows:

MC(pla+d,a) = Ele(a+6,alp)|m(a+6,alp) = pl ©)
AC(la+8.0) = [ clatbale)i(r(a+dale) = p)dG) @
where the cost curves M C(p|a + §, ) and AC(p|a + §, o) represent the costs inclusive of those incurred by

both the supplemental insurer and the primary insurer. We can also define the marginal and average cost
curves for the supplemental insurer, who is only responsible for the incremental coverage:

MC*(pla+d,a) = EBle*(a+ 6 alp)|r(a+0,alp) =] ®)

ACSGlats.0) = [ cla+dalp)i(nla+s.ale) 2 p)G(e) ©

Consider the benchmark case of perfect competition, where we define the equilibrium price P“¥, such
that supplemental insurers break even on average,

POE(a+6,a) = min{p : p = ACS(pla + 6, a)}. (7)

0Throughout the discussion, the cost of insuring an individual is treated as invariant to the insurer’s identity. The model could easily
be extended to incorporate systematic cost differences across insurers.

Hlgnoring income effects allows us to use estimates of the Marshallian demand curve for supplemental insurance in the welfare
analysis that follows. Abstracting from income effects may be reasonable in settings where the variation in premiums for supplemental
insurance is small relative to income (as is the case in our empirical application).



1.2 Welfare Measures

Next, we apply the framework above to describe welfare associated with various counterfactuals. First, we
consider welfare associated with “marginal counterfactuals”, or counterfactuals related to the incremental
coverage sold in the existing market for supplemental insurance. Second, we consider welfare associated
with “inframarginal counterfactuals”, or broader counterfactuals associated with the inframarginal baseline

compulsory insurance.

1.2.1 Marginal Counterfactuals: Welfare Associated with Extending the Generosity of Compulsory Pub-
lic Insurance

A Dbasic policy-relevant parameter of interest in social insurance settings is the value of extending the gen-
erosity of compulsory public insurance. In a setting in which the only insurance available is the baseline
compulsory insurance of generosity «, the welfare from extending the generosity of the compulsory insur-
ance coverage can be described using the notation above as,

/ (2w (0.710) ~ c0.710)|__ )dG(e). ®)

=

In many settings, individuals have access to complementary private insurance. In these settings, there
is a direct empirical analog to the objects in the expression above. Notice that the surplus generated by
supplemental insurance for an individual, 7(a + d, a|¢) — c(a + 6, ap), is simply a discretized version of
%(w(@,ﬂ(p) — (0, fy\ga))’ o’ In other words, relative to a benchmark of only compulsory insurance of
generosity «, the social sﬁrﬁlus associated with increasing the generosity of the compulsory coverage by
0 for an individual is simply the social surplus associated with that individual purchasing supplemental
insurance, 7(a + §, a|p) — c(a + §, alp).

Note that equation [§|measures the welfare associated with a marginal extension of compulsory coverage
relative to a benchmark scenario where only compulsory coverage exists (i.e., a world with no private sup-
plemental insurance market). While this is precisely the object of interest in a setting where supplemental
insurance is not available or is prohibited by law, we may be interested in measuring the effect of extend-
ing the generosity of compulsory coverage relative to a benchmark scenario in which individuals are able
to purchase private supplemental insurance themselves. This alternative benchmark scenario is of particu-
lar interest because a necessary condition for empirically implementing this approach is the existence of a
private supplemental insurance market.

Let MeanWTP_Extn(pla + §,«) and Wel fare_Extn(p|la + §, o) represent the mean willingness-to-pay
and per-capita welfare, respectively, associated with extending compulsory coverage to include the supple-

mental coverage relative to a benchmark scenario where private supplemental coverage is available for price

p:
MeanWTP_Extn(pla+6,a) = / <7r(a+5,a|<p)]l(7r(oz+5,a|<p) < p) + pl(m(a+ 0, ) 2p)>dG(<p)
Welfare_Extn(pla + 6,«) = / (m(a+6,alp) — c(a+6,alp))1(r(a+ d,alp) < p)dG(y). )

In words, the above expression for welfare tells us that the value of extending compulsory public insurance
comes from aggregating individual values among people who would not have otherwise bought the private
supplemental coverage

2While the discussion here focuses on describing the mean willingness-to-pay and welfare associated with an extension, this setup



There are a few important points to highlight about the above expressions. First, these expressions nest
the case in which no supplemental insurance is available (where effectively the price for supplemental insur-

ance is infinite),
MeanWTP_Extn(co|la+6,a) = /7‘((0{ + 4, a|p)dG(y)
Welfare_Extn(oola + §,a) = / (m(a+6,alp) — c(a+ 6,alp))dG(p). (10)

Second, these expressions provide an intuitive way to characterize how crowd-out affects the value of ex-
tending the generosity of public coverage. To see this, note that we can decompose these expressions as

follows:
MeanWTP_Exztn(pla+d,a) = MeanWTP_Extn(co|la + 0, ) — MeanW T P_PrivateSupp(p|a + 6, «)
Welfare_Extn(pla + 0,a) = Welfare_Extn(oo|la + d,a) — Wel fare_PrivateSupp(p|la + 6, ), (11)

where, in each expression, the first term represents the value of the extension if there were no private market
available to crowd-out, and the second term represents crowd-out of the voluntary private market for sup-

plemental insurance that would have existed in the absence of the compulsory public insurance extension:

MeanWT P_PrivateSupp(pla + §,a) = / (m(a+ 6, alp) — p)L(m(a + 0, cl) > p)dG(p) (12)

Wel fare_PrivateSupp(pla + §,a) = / (m(a+8,alp) — c(a+8,alp)) L(m(a+ 8, alp) > p)dG(y).

Graphical Illustration We build intuition further through a graphical example in the spirit of [Einav and
Finkelstein| (2011). For the moment, let us abstract from moral hazard meaning that the social and private
cost curves are one and the same. Figure [1| Panel (A) plots the demand, marginal cost, and average cost
curves where the horizontal axis represents the fraction with supplemental insurance, and the vertical axis
is measured in dollars. For the purposes of this example, let us consider a private supplemental insurance
market that is characterized by competitive average-cost pricing, and let us assume the market is adversely
selected (as depicted in the figure by the downward sloping cost curves).

Consider an extension of the compulsory public coverage to include the benefits of the supplemental
insurance coverage. It is straightforward to measure the objects of interest in the context of this example.
Relative to a benchmark where no supplemental coverage is available, the mean willingness-to-pay and
the per-capita welfare generated by this extension are: MeanWTP_Extn(co|a + 6,a) = Area ABCD and
Wel fare_Extn(cola+0, ) = Area ABCD — Area EFCD. Because a necessary condition to empirically imple-
ment this estimation is the existence of a private supplemental insurance market, it may be of particular inter-
est to consider measures of welfare that take into account crowd-out of the private market for supplemental
coverage that would otherwise exist. Relative to a benchmark of a competitive private supplemental insur-
ance market, the welfare generated by extending compulsory coverage is: Wel fare_Extn(P“F|a + 6,a) =
AreaHGI — Area GFB = Wel fare_Extn(oo|a + 6, o) — Area AHIE, where this second expression makes clear
that the term (Area AHIE) represents crowd-out of the private supplemental market that otherwise would
have existed. The mean willingness-to-pay for the extension relative to a competitive private supplemental
insurance market is MeanWTP_Extn(P“F|a + §,a) = Area ABCD — Area AHK, where Area AHK rep-

offers a natural way to characterize the effect of an extension on several other measures of interest including the government’s budget,
total use of resources, and consumer and producer surplus.



resents the consumer valuation of the private supplemental market that is crowded-out by the insurance
extension.

There are several additional counterfactual scenarios one can consider within this graphical example.
For instance, fixing the level of compulsory public coverage, the welfare associated with allowing a private
supplemental insurance market relative to banning supplemental coverage is represented by the trapezoid
AHIE. Welfare under the first-best efficient allocation of supplemental insurance relative to a world with
no supplemental insurance is represented by the triangle AGE. Relative to the first-best efficient allocation,
a private competitive market for supplemental coverage is associated with welfare losses due to adverse
selection represented by the triangle HGI.

It is also straightforward to generalize this graphical example along several dimensions. First, one can
calculate analogous welfare measures relative to any equilibrium in the private supplemental market, re-
gardless of whether the equilibrium represents perfect competition. Figure [I| Panel (B) depicts a generic
equilibrium (P*,Q*), and the welfare measures above are equally applicable with a simple re-labeling of
points. Second, the welfare measures are easy to translate to the case with moral hazard. Figure|l|Panel (C)
illustrates this point. With moral hazard, the supplemental insurer does not internalize the full cost of the
incremental insurance it provides. Thus, a supplemental insurer’s cost curves are shifted downward rela-
tive to the social cost curves associated with the incremental coverage, where the vertical distance between
these curves represents the externality associated with the supplemental coverage. While the competitive
equilibrium price and quantity are different than in the situation with no moral hazard, the points have been

re-labeled to emphasize that the analogous welfare measures are represented as in the discussion above.
1.2.2 Inframarginal Counterfactuals: Total Welfare Generated by Compulsory Public Insurance

Beyond estimating the welfare associated with marginal counterfactuals, economists are sometimes inter-
ested in estimating welfare associated with broader counterfactuals which involve changes outside the em-
pirical context or contracts outside of those for which we can directly estimate demand. In public insurance
settings, a broader counterfactual of particular interest is the welfare generated by the inframarginal compul-
sory public insurance relative to the absence of insurance for this risk.

In the recent literature on welfare analysis within private insurance markets, one common approach to
inframarginal welfare analysis is to specify a structural model of decision-making, use empirical variation in
premiums or other product attributes to estimate the primitives of the model, and then use the fitted model
to investigate broader welfare questions of interest. This basic approach could be applied to investigate the
welfare within compulsory public insurance settings as well, using variation within the private market for
supplemental insurance. While this type of analysis would allow for a broad range of counterfactuals, one
main disadvantage of this more structural approach is that the results are typically quite sensitive to the
assumptions the analysis relies on in terms of the form of utility, the distribution of risk individuals face, and
the degree of heterogeneity across individuals. Below, we outline an alternative, complementary approach to
investigating the total surplus generated by compulsory public insurance relative to the absence of insurance
for this risk using data and variation from supplemental private insurance. Relative to a more structural
approach, the advantage of this approach is that it requires fewer assumptions; the disadvantage of this
approach is that it delivers a bound rather than a precise welfare number.

Once again, consider a setting in which compulsory public insurance provides coverage o and indi-
viduals have the opportunity to buy supplemental coverage of generosity ¢ for price p. In the interest of
investigating counterfactuals requiring minimal assumptions, our primary focus within the inframarginal

counterfactual analysis will be to investigate the mean willingness-to-pay and welfare provided by the base-
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line compulsory coverage relative to a world with no insurance for this risk. Note that this welfare measure
does not necessarily represent the value of compulsory public insurance relative to a world without this com-
pulsory insurance, as it could be the case that alternative private insurance or alternative public programs
providing coverage for this risk would exist in the absence of compulsory public insurance Because noth-
ing about the observed supplemental insurance market can reveal what private or public coverage might
exist in the absence of the compulsory public insurance, we avoid making arbitrary assumptions about such
a counterfactual and focus instead on the surplus generated by the inframarignal compulsory public insur-
ance relative to a world with no insurance for this risk:

MeanWTP_Baseline(&, pla + J,a) = / {w(a,0|cp)]l(7r(a + 4, alp) < p)
+ (m(a +6,0[p) —p)L(m(e + 8, alp) > p) }dG(sa), (13)
Wel fare_Baseline(@, pla + d,a) = / {(W(a,0|tp) —c(a,0]9)) L(m(a + 6, ) < p)

+ (vl +6,00p) = cla+8,01¢))1(n(a + 6, alp) > p) }4G(e).

The first term in each of the expressions above captures the value of compulsory public coverage among
individuals who do not buy supplemental insurance, and the second term in each expression captures the
value of both the compulsory public coverage and the opportunity to buy private supplemental coverage
among individuals who do purchase supplemental insurance at price pE] Note that the key challenge to
estimating the expressions above is the fact that the willingness-to-pay for the baseline coverage, 7(«, 0|)
(and the willingness-to-pay for the combination of the baseline and supplemental coverage m(a + 9, 0|¢)), is
unobserved. To be able to empirically use this measure of welfare, we need to have a way to connect what
we can estimate in the data to these objects in the above expressions. The following proposition helps us do
this:

Proposition 1. Suppose %(M) <0, and %(”g’fa‘p)) < 0. Then,

60—~
. ! .. a+0
il 7(a,0lp) 2 sm(a+dalp), and [i{] w(a+40lp) 2 ——m(a+d alp) (14)
Proof. Under the assumptions, we get the following;:
m(0,71e) o O+ enlp) om0+ e+ pulp) (15)

60—y — O+e—v ~— O+e—(v+np)

where the first inequality follows from -2 (’T(g’fvﬂlf)) < 0 and the second from £ (ﬂg’pr)) < 0. This holds for

all 4, ¢ > 0. Evaluating thisat y =60 — v, 8 = o, v = 0, and € = ¢ gives result [i] and result [ii]. O

Proposition 1 allows us to get a lower bound on welfare provided by the baseline coverage that can be
applied empirically. To see this, note that the left-hand-side of inequalities [i] and [ii] enter equation[13} while

13The welfare measure we focus on may characterize the welfare associated with compulsory public insurance more generally in
insurance settings in which there is a large degree of private information, in which we might expect complete (or nearly complete)
unraveling of private insurance in the absence of public coverage. For instance, this is arguably the relevant case for disability insurance
and long-term care insurance, as [Hendren| (2013) argues that the large degree of asymmetric information in these settings can explain
the almost complete unraveling of private, non-group insurance for these risks.

14Gince we aim to measure welfare relative to a world in which no insurance exists for this risk, it is important to have this welfare
measure account for both the direct value of public coverage and the opportunity to buy supplemental coverage (as the existence of the
supplemental market is an indirect consequence of the public coverage).
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the right-hand-side of these inequalities is a linear transformation of the willingness-to-pay for supplemental
coverage, (o + 0, a|y), an object whose distribution one can estimate with sufficient data and variation from

the private supplemental insurance market. Applying Proposition 1, we get the following natural corollary:

Corollary 1. Suppose 2 (”(g’f"ﬁlf)) <0,and £ (ﬂg’fw‘p)) < 0, V¢. Then we obtain the following lower bound
on the mean willingness-to-pay and welfare generated by the compulsory baseline coverage relative to a

world without insurance,

MeanWTP_Baseline(<, pla + 0, a) > / %7‘(‘(0[ + 8, alp)(m (o + 8, alp) < p)

(“E 0 (a+ 6,ali) — p)I{n(ac -+ 6,al) > p)dGLg) (16)
Wel fare_Baseline(&, pla + §, a) > / (%7‘(‘(0& + 8, alp) — c(a, 0[)) (7 (a + 6, alp) < p)
+ (a + (Sw(a + 4, alp) — c(a+ 4, O\g@))l(w(a + 0, alp) > p)dG(go).

Proof. Result follows directly from Proposition 1. O

The assumptions within Proposition 1 have a simple intuitive basis and are related to concepts in the prior
theoretical literature related to decisions under uncertaintyE] Both of these assumptions rely on the basic
notion that an individual’s willingness-to-pay per unit of insurance is declining in the amount of insurance
, 2 (”g(gf’;’)) < 0, says the following: Holding the generosity of the

baseline coverage fixed, the willingness-to-pay per unit of supplemental insurance coverage is declining in

he/she already has. The first assumption

the amount of supplemental coverage. In words, the second assumption, % (%’3)) < 0, says: Holding the
generosity of the total coverage fixed, the willingness-to-pay per unit of supplemental insurance coverage is
declining in the generosity of the baseline coverage. Under these assumptions, Proposition 1 gives us two
intuitive inequalities (14{above): [i] the per unit of coverage willingness-to-pay for the baseline coverage is at
least as large as the per unit of coverage willingness-to-pay for supplemental coverage, and [ii] the per unit
of coverage willingess-to-pay for the combination of the baseline and supplemental coverage is at least as
large as the per unit of coverage willingness-to-pay for only the supplemental coverage.

In the case that preferences can be represented by a univariate utility function, we obtain a simple suffi-

cient condition for the assumptions underlying Proposition 1:

Proposition 2. Suppose an individual’s utility can be represented by the increasing, univariate function u(c),
so that (6, ~) is defined as:

Elu(w+ (1 =0)z —(0,7))] = Elu(w + (1 = 7))l 17)

where the expectation is taken over z < 0, representing the uncertain losses the individual faces. Addi-

tionally, suppose the individual is risk averse and his/her utility exhibits (weakly) decreasing absolute risk

15Perhaps because it is so intuitive that an individual’s willingness-to-pay to avoid taking on risk should scale with the size of the risk,
prior theoretical papers have worked to derive sufficient conditions on utility functions such that the underlying preferences satisfy
similar properties to the properties we study here. See |[Eeckhoudt and Gollier| (2001) and [Menezes and Hanson| (1970) for examples.
While much of the related theoretical literature focuses on risks with both positive and negative realizations (as is applicable in a finance
setting), we show that in the context of an insurance problem (where all realizations of risk are non-positive), we obtain a simple
sufficient condition for the assumptions within Proposition 1 when preferences can be represented by a univariate utility function (see
Proposition 2).
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aversion. Then,

9 m(6,7) 0 (7(0,7)
— < — < 1
80(0—7)_0'and87(9—'y)_0’ (18)
and thus we obtain the results of Proposition 1.
Proof. See Appendix[A] O

The above proposition tells us that if utility exhibits weakly decreasing absolute risk aversion, we can
apply a simple method to bound the welfare generated by compulsory public insurance using information
from the associated private supplemental insurance market. There are two important things to note about
this. First, weakly decreasing absolute risk aversion is satisfied by most of the common utility functions
used by empiricists, including Constant Absolute Risk Aversion (CARA), Constant Relative Risk Aversion
(CRRA), and a broader class of empirically relevant Hyperbolic Absolute Risk Aversion (HARA) utility func-
tionsFE] Second, this bound does not require specifying a particular utility function or restricting heterogene-
ity across individuals. In other words, each individual may have his/her own distinct utility function that
varies arbitrarily throughout the population, so long as each individual’s preferences exhibit weakly decreas-
ing absolute risk aversion (or more generally, satisfy the conditions within Proposition 1), the lower bound
on welfare described above is applicablem

It is worth emphasizing that this approach has both advantages and disadvantages when compared to
a more structural analysis of inframarginal counterfactuals. The key advantage of the bounding approach
above is that it places no restrictions on: (i) utility beyond the minimal assumptions within the propositions
above, (ii) the nature of the risk each individual faces, and (iii) heterogeneity across individuals. In contrast,
other studies that evaluate broader welfare counterfactuals typically make assumptions on all of these objects,
and these assumptions can substantially affect the results (and are often fundamentally untestable). Thus,
the main advantage of this bounding approach is that it requires much less restrictive assumptions, while
a primary disadvantage is that it provides a bound rather than a precise welfare number. The following
numerical example illustrates this trade-off more concretely.

Numerical Example Consider an individual who faces some potential loss and has compulsory public
insurance that covers 50% of this risk. Further, suppose the individual has the option to purchase private
supplemental insurance to cover an additional 10% of the risk on top of the public insurance. Following the
definitions above, let 7(0.5, 0) represent the individual’s willingness-to-pay for compulsory public insurance
relative to no insurance, and let 7(0.6,0.5) represent the individual’s willingness-to-pay for supplemental
insurance to top-up the compulsory public insurance. Suppose the individual’s preferences are represented
by a univariate utility function u(c), and the individual is risk averse with weakly decreasing absolute risk
aversion. Based on Propositions 1 and 2, we get a lower bound on 7(0.5, 0) for any given observed 7(0.6, 0.5).
The black solid line in Figure P|plots this lower bound for a range of potential values of 7(0.6, 0.5).

This bound is applicable regardless of the distribution of uncertainty the individual faces and regardless
of what form the utility takes. To contrast this bound with a more structural approach, Table [I|and Figure

16These assumptions hold for a wide range of utility functions used by empiricists, including a broad class of utility functions within
the HARA family, which includes as special cases CRRA and CARA. The general version of the HARA family is characterized by a utility
function of the following form: u(c) = £(v + %)1*”. The absolute risk aversion for this family is then equal tor4 = (v + %)*1, which
is clearly decreasing in c for all parameter values for which the individual is risk averse over the entire range of possible consumption
values. Note the values for which the individual is risk averse are those that satisfy: £(1 — v)y~1(v + %)*7*1 >0, Ve>0.

71t is important to highlight that the sufficient condition in Proposition 2 applies when utility is defined over a single argument. Most
of the theory surrounding decisions under uncertainty is developed within the setting of univariate utility, and Proposition 2 follows in
this spirit. In situations in which consumers face more complicated optimization problems with utility defined over multiple goods, as
is the case in insurance models with moral hazard, one would want to rely on the broader assumptions within Proposition 1 to obtain
the lower bound on the welfare provided by the inframarginal coverage.
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display the implied value of 7(0.5,0) for a range of potential observed values of 7(0.6,0.5) under various
assumptions. Specifically, for each set of assumptions and each value of the willingness-to-pay for supple-
mental coverage (7(0.6,0.5)), Table [1| reports the calibrated utility parameters to match this willingness-to-
pay for supplemental insurance and the implied willingness-to-pay for the inframarginal coverage, 7(0.5,0),
based on these calibrated parameters. The overwhelming fact that jumps out from this table and figure is
that the precise implied valuation for public coverage is extremely sensitive to the underlying assumptions
on the form of the utility, the benchmark income, and the distribution of uncertainty. To see this, consider
the case when 7(0.6,0.5) = $150. Comparing Table [1| columns (3) and (5), we see that the implied valuation
of public coverage is 41% higher under the CRRA specification than under the CARA specification, with the
same assumed risk and benchmark income. Comparing Table [If columns (3), (7), (11), and (17), we see that
the implied valuation of public coverage varies greatly with small changes in the assumed risk distribution,
even conditional on specifying the same form of utility and benchmark income. A comparison of columns
(3) and (15) reveals that the implied valuation of public coverage is very sensitive to the benchmark wage; in
this example, when 7(0.6,0.5) = $150, the implied value of public coverage based on CRRA utility increases
35% when the benchmark wage is cut by $10k. In summary, this numerical example highlights the central
trade-off between these complementary approaches to quantifying welfare. The bounding approach outlined
above is much more robust than a more structural approach in terms of perturbations in the underlying util-
ity, risk distribution, liquidity, and heterogeneity across individuals; however, this robustness comes at the
cost of obtaining a lower bound on welfare rather than a precise welfare number.

Graphical Illustration We illustrate this approach graphically to demonstrate how the demand and cost
curves in the supplemental market can be used to calculate a lower bound on the total welfare generated
by compulsory public coverage. To do this, it is helpful to define a few additional objects. Let the expected
willingness-to-pay for coverage of generosity 6 (relative to no insurance) among individuals marginal to

buying supplemental insurance at price p be represented by:
MTV (pla+6,a;0) = E[r(6,0])|m(a + 6, alp) = pl. (19)

Analogously, let the expected cost of providing ¢ generosity coverage (relative to no insurance) to individuals
marginal to buying supplemental insurance at price p be defined as follows:

MTC(pla+ 8, a;0) = Elc(0,0]p)|r(a + 4§, a|p) = pl. (20)

In the discussion that follows, we will refer to the objects defined above as the marginal total value (MTV)
and marginal total cost (MTC) curves, respectivelyEg]

In Figure 3} the horizontal axis represents the fraction with supplemental insurance, and the vertical
axis is measured in dollars. Suppose the assumptions of Proposition 1 hold. In addition, suppose there are
sufficient data and variation in the supplemental insurance market to estimate the inverse demand curve for
supplemental insurance (D! (p|a + 4, ), the marginal cost curve for supplemental insurance (M C(p|a +
J,«)), and the marginal total cost curves defined above (MT'C(p|a + J, o; o) and MTC(p|a + 6, a; o + 9)).

18Note that marginal here refers to individuals on the margin of being willing to purchase the supplemental coverage (not the infra-
marginal coverage). Thus, these curves have no direct analog to the demand curve or cost curves associated with a hypothetical market
for the inframarginal coverage, because the ordering of individuals’ willingness-to-pay for supplemental coverage may depart from the
ordering of individuals’ willingness-to-pay for the inframarginal coverage. The inframarginal counterfactuals (defined in Corollary 1)
rely on the MTC curve and the lower bound on the MTV curve, not the demand and cost curves associated with a hypothetical market
for inframarginal coverage. Of course, it is easy to imagine other counterfactuals where one would need the demand and cost curves
for inframarginal coverage (instead of or in addition to the MTV and MTC curves). Other counterfactuals that require the demand and
cost curves for the inframarginal coverage would necessitate more assumptions and structure than what we impose here.
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Further, suppose there is no moral hazard so the competitive equilibrium in the supplemental market is then
represented by (P“E, Q“F), where the average cost curve intersects the inverse demand curveEg]

Based on Proposition 1, the observed demand curve can be used to bound both MTV (p|a + 4, @; ) and
MTV (pla+6,a;a+9), as displayed in the figure under the assumptions described above. It is then straight-
forward to use the figure to describe the lower bound on mean willingness-to-pay associated with com-
pulsory coverage given that a competitive supplemental market exists: MeanW T P_Baseline(, PYFla +
d,a) > Area ABCD + Area EFGH, where the first term and second term, respectively, give us the mean
willingness-to-pay for compulsory coverage among those who do and who do not purchase supplemental
coverage. The analogous lower bound on welfare is represented as: Wel fare_Baseline(@, P°Ela + §,a) >
Area ABIJ + Area ERL — Area RKF. These curves can also be used to evaluate welfare under other coun-
terfactual scenarios. For example, the bounds on the mean willingness-to-pay and welfare generated by
compulsory public coverage in a world in which supplemental insurance is not available can be repre-
sented by: MeanWTP_Baseline(&, oola + §,«) > Area MFGO and Welfare_Baseline(&, cola + 6, ) >
Area MRN — Area RKF.

1.3 Comparison to Alternative Methods

It is worth highlighting a few strengths of this willingness-to-pay approach to analyzing welfare associated
with compulsory public insurance relative to other approaches. First, this method requires straightforward
variation and limited data to be implemented empirically. To estimate all of the inputs of the marginal and in-
framarginal welfare analysis discussed above, you simply need sufficient variation in the price of supplemen-
tal coverage to estimate the demand curve for supplemental coverage and standard data on prices, insurance
enrollment, and costs. In contrast, other approaches to valuing compulsory public insurance often require
isolating random (or like-random) assignment within the compulsory public insurance program (which by
virtue of the program being compulsory is often difficult to do). In addition, alternative approaches often
require data on consumption or assets, data which is often not available and can suffer from considerable
measurement error when it is available.

Second, an advantage of this approach is that it allows us to remain largely agnostic as to the underlying
primitives of individuals’ decisions (similar to [Einav and Finkelstein| (2011)). It is possible to investigate a
wide range of marginal welfare questions (welfare analysis in the spirit of the sufficient statistics literature
on social insurance (e.g., Chetty), [2008)) without making restrictions on the form of individual utility or het-
erogeneity across individuals, as evidenced in the framework above by the fact that there are no restrictions
on ¢ or the distribution G. In settings with linear insurance coverage, going beyond marginal welfare ques-
tions and bounding the welfare provided by the compulsory inframarginal coverage requires only minimal
assumptions on individual preferences and no restrictions on heterogeneity across individuals. The fact that
this approach requires so few assumptions is in stark contrast to other approaches of valuing compulsory
public coverage which rely on fully specifying utility (or marginal utility), specifying the nature of uncer-
tainty individuals face, restricting heterogeneity across individuals, obtaining data on all the inputs in the
utility (or marginal utility), and/or assumptions on the nature of the individual’s optimization.

Third, this approach is flexible enough to be applied in a broad range of settings. It is straightforward
to show that this approach can accommodate features that may be present in the market for supplemental
insurance, such as imperfect competition, administrative costs, multiple contract options, and pricing regu-

YThe assumption of no moral hazard in this graphical example is purely for convenience, not necessity. In the case of moral hazard,
one would need to appropriately adjust the cost curves for inframarignal coverage (MT'C(p|o + §, a; &) and MTC (p|a + 6, o; o + §))
relative to the cost curve for supplemental insurance (M C(p|a + §, o)) . We discuss accounting for moral hazard in more detail within
the context of the empirical application.
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lations. Importantly, while the framework above is discussed in the context of linear insurance (which is the
relevant case in the empirical application that follows), the general approach to valuing a marginal extension
of compulsory coverage to include benefits covered by supplemental insurance can be applied to any setting
with complementary private insurance provided sufficient data and variation exist, even settings with highly
non-linear coverage. For example, if compulsory public insurance includes a deductible and supplemental
insurance fills in this deductible, an individual’s willingness-to-pay for supplemental insurance reveals his
valuation of extending public insurance to fill in this deductible. Or alternatively, in the setting of health
insurance, if private supplemental insurance improves upon basic compulsory public insurance by provid-
ing access to a broader group of health care providers, an individual’s willingness-to-pay for supplemental
insurance reveals his/her valuation of an extension of the compulsory public insurance coverage to include
this broader group of health care providers. To the extent that the available supplemental insurance fills the
obvious gaps in the compulsory public insurance coverage in a given setting, expanding compulsory public
coverage to include the benefits of supplemental insurance may be one of the most policy-relevant marginal
expansions to consider.

Fourth, this approach can be used to measure welfare in wide range of policy-relevant counterfactuals.
As discussed above, this approach can be used to value the extension of compulsory coverage, taking into
account any crowd-out of the private market or externalities induced by the incremental coverage. This
approach can also be used to value alternative government interventions such as banning supplemental
insurance and taxing or subsidizing supplemental insurance. In settings with linear coverage, this approach
can be used to go beyond marginal welfare questions and bound the welfare generated by the inframarginal
compulsory public coverage under minimal assumptions discussed above.

Of course, an important limitation of this approach is that it can be applied only in settings in which in-
dividuals are able to purchase complementary private insurance to top-up the compulsory public coverage.
While there are many public insurance settings in which individuals can buy complementary coverage (e.g.,
disability insurance, universal health insurance settings such as Medicare, etc.), there are some public in-
surance settings in which no complementary coverage is typically available (e.g., unemployment insurance,
means-tested public insurance such as Medicaid), and in these settings this approach does not provide an
alternative to existing approaches to valuing public insurance.

It is also important to note is that welfare analysis following this approach is subject to the same lim-
itations of welfare analysis in private insurance markets more generally. For instance, this approach relies
on the notion that individuals” decisions to buy or forgo insurance can be used within a revealed preference
framework to do welfare analysis. While this is a common approach to evaluating welfare in private insur-
ance settings, there are potential criticisms and drawbacks to relying on revealed preference as individuals
may suffer from behavior biases or may face informational frictions. Additionally, as in typical analyses
within private insurance markets, this approach relies on estimating demand, which requires isolating price
variation that is plausibly exogenous and often requires making parametric assumptions when there is not
sufficient price variation to estimate demand non-parametrically. Despite the non-trivial challenges associ-
ated with using revealed preference for welfare analysis, researchers conducting welfare analysis in private
insurance settings typically opt to employ demand estimates and rely on revealed preference (as opposed
to employing methods similar to those used in the prior compulsory public insurance literature). In this
way, the framework described above provides a constructive illustration of how to extend this revealed pref-
erence style analysis often employed in settings with private insurance to investigate questions related to
compulsory public insurance.
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2 Empirical Application: Background and Data Description

The remainder of the paper applies the framework discussed in the prior section to evaluate welfare in the
context of public and private disability insurance. Specifically, we leverage price variation in the private
supplemental long-term disability (LTD) policies offered by one large employer to quantify the value of dis-
ability insurance among workers in this population. While the empirical setting is interesting in its own right,
the empirical application also highlights some advantages of applying this willingness-to-pay approach to
valuing compulsory public insurance. This section begins by briefly describing some relevant background
on public and private disability coverage. We then proceed to discuss the data and identifying variation.

2.1 Brief Background on Public and Private Disability Coverage

In the United States, the public disability insurance program, Social Security Disability Insurance (SSDI),
is one of the largest social insurance programs. In 2014, approximately 9 million disabled workers received
SSDI benefits, and the total SSDI benefits paid exceeded $140 bﬂlionm Eligible workers may apply for public
disability insurance benefits in the event of a disability. The applicant then goes through an evaluation
of his case that includes an assessment of the severity of his disability and an assessment of his residual
work capacity If an individual’s SSDI case is approved, the individual receives a monthly benefit that is a
function of his prior earnings history. In particular, the Social Security Administration (SSA) calculates the
individual’s Average Indexed Monthly Earnings (AIME), which is defined as the average inflation-adjusted
monthly earnings in the individual’s 35 highest earning years of employment (or all years of employment
if the beneficiary has worked fewer than 35 years)EZ] The monthly benefit for the beneficiary, the Primary
Insurance Amount (PIA), is then determined by a piece-wise linear function of the AIME. Since SSDI pays
a monthly benefit for each month the individual is out of the labor force due to disability, SSDI insurance
provides coverage that is linear in the risk (lost wages due to time out of work with disability), where the
effective replacement rate for individual i in the event that he becomes disabled in terms of his current annual
earnings, wj, is,

i = Annual SSDI Beneﬁtl’ 1)

%

where Annual SSDI Benefit; = 12 x PIA(AIME;). Among US workers, the mean pre-tax replacement rate
for public disability insurance through SSDI is roughly 45% 7|

Some SSDI beneficiaries have access to additional benefits beyond the wage-replacement benefits de-
scribed above. For example, after two years of SSDI coverage, beneficiaries receive health insurance through
Medicare. Additionally, in some circumstances, SSDI provides additional financial benefits to beneficiary
dependents (i.e., young children or elderly spouses). Throughout the following discussion, we focus on
the welfare generated by the primary wage-replacement benefits of SSDI abstracting from these additional
features.

Many employers offer LTD insurance to supplement the wage replacement benefits of SSDI. Approxi-
mately 34% of all workers have the option to buy LTD coverage through their employer to top-up the cover-

age from SSDIFE] While on average 34% of all workers have access to LTD coverage, the percent of workers

2080urce: https://www.ssa.gov/policy/docs/statcomps/supplement/2015/highlights.pdf,

Z1The following SSA publication contains a basic description of the evaluation criteria: http://www.ssa.gov/pubs/
EN-05-10029.pdfl

“A calculator on the SSA website describes the disability benefit formula: |https://www.ssa.gov/planners/retire/
AnypiaApplet.html#&sb=-1l

“*This statistic is based on authors’ calculations using employees in the CPS, as described in Table 3| Note this replacement rate is
calculated before considering the tax treatment of wages and SSDI benefits.

24These statistics are reported in Table 16 of the U.S. Department of Labor’s National Compensation Survey, Employee Benefits in the
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with access to LTD is much higher among particular subgroups: 44% of full-time workers, 53% of managerial
and professional workers, and 57% high income workers (workers in the top 25% of earners). The median
replacement rate of employer-provided LTD coverage is 60%, with only 1% of plans providing coverage in
excess of 67% and 24% of plans providing coverage less than 60%@

2.2 Data Description and Identifying Variation

In this paper, we use data from one large employer that offers LTD coverage. The data comes from Alcoa,
Inc., a large, multinational manufacturing firm that annually employed roughly 48,000 employees within the
United States residing within 24 different states during our sample period. Approximately half of the the
firm’s employees are offered LTD benefits. The data include information on LTD benefit menus, enrollment
decisions, wages, employment status, basic demographics, and LTD claim payments.

As is typical with employer-provided LTD policies, the policies offered by this employer guarantee a
stated replacement rate in terms of annual earnings, with the explicit stipulation that LTD claimants must
apply for SSDI, and, if approved, SSDI benefits will crowd-out LTD benefits dollar-for—dollarE] The LTD
policies at this firm insure relatively long duration disability spells, as workers cannot place an LTD claim
until he/she has been disabled for at least six monthsE] In this way, LTD policies at this firm largely operate
as a means to top-up the replacement rate of the public program. For the remainder of the empirical applica-
tion, we make the simplifying assumption that the LTD plans provide pure top-up insurance for SSDIFE]

2.2.1 Estimation Setting

For the empirical application, we focus on employees offered the most common LTD benefit menu containing
three vertically differentiated plans with replacement rates of 50%, 60%, and 70%, which we denote as Plan
L, Plan M, and Plan H, respectively. We focus on the years in which this menu is consistently available,
2003-2006. Table [2|describes the menu of LTD policies offered during our sample period, displaying the plan
premiums by year both in levels and relative to the plan of adjacent quality. In this setting, both benefits
and premiums are described in terms of an individual’s annual earnings. To ease interpretation, Table[2|also
displays the premiums scaled by $60,000, which is roughly the median annual earnings in the estimation
sample. From this table, one can see that there are several nice properties of the data for this empirical
application. First, the basic 50% replacement rate plan is free for all employees. This is convenient as no
one opts out of the plans, and thus claims data are available for all employees in the sample. Second, there
is variation over time in the incremental premium for the highest generosity coverage. In particular, the
premium for Plan H (relative to Plan M) falls by nearly a third between 2003 and 2004, providing variation
to estimate the demand for this plan.

In this setting with vertically differentiated plans, the demand for a plan is determined by the premium
relative to the premiums for the adjacent plans, provided that no plans are dominated in the observed range
of premiums. Consistent with this intuition, the bottom panel of Table [2| illustrates that the decline in the

U.S., March 2015 publication at: http://www.bls.gov/ncs/ebs/benefits/2015/ownership/civilian/tablelé6a.pdf,
ZThese statistics are reported in Table 30 of the U.S. Department of Labor’s National Compensation Survey, Employee Benefits in the

U.S., March 2015 publication at: http://www.bls.gov/ncs/ebs/benefits/2015/ownership/civilian/table30a.pdf,
26This crowd-out is in terms of pre-tax monetary benefits (not post-tax benefits), which is an important consideration when incor-

porating the differential tax treatment of LTD benefits and SSDI benefits. We discuss this further in the robustness analysis in Section

7This required period of disability before applying for benefits is often referred to as the “elimination period”. |Autor, Duggan and
Gruber] (2012) analyze data from a large LTD insurer covering policies offered by nearly ten thousand unique employers, and they
report that nearly two-thirds of beneficiaries have LTD insurance with a shorter elimination period than the firm we study, with the
most common elimination period being 90 days.
28 As will become clear, this simplification is helpful in interpreting the inframarginal welfare analysis; however, the simplification is
not necessary to have a meaningful interpretation of the marginal welfare analysis.
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Plan H premium between 2003 and 2004 is associated with a sharp increase in Plan H enrollment and a
sharp decline in Plan M enrollment, while Plan L enrollment is largely unaffected. The primary estimation
focuses on the demand and costs associated with the incremental 10% replacement rate moving from Plan
M to Plan H. That is, the estimation focuses on estimating the demand for a 10 percentage point increase
in the replacement rate starting from a baseline replacement rate of 60%. Although there is a small amount
of variation in the Plan M premium that could be used to investigate the demand for Plan M (relative to
Plan L), there are two key reasons why we focus on the Plan H demand for our baseline estimation. First,
from inspecting Table 2} one can see that the relative premium for Plan H (compared to Plan M) varies more
than five times as much as the relative premium for Plan M (compared to Plan L) varies. Because most of
the premium variation is in the relative premium for Plan H (compared to Plan M), we obtain more precise
estimates by focusing on the demand for Plan H coverage. Second, under the assumptions used to derive
the bound in Section|[T} focusing on the demand for Plan H provides a more conservative lower bound on the
welfare provided by public insurance. Section[d] discusses this further within the context of the estimates.

2.2.2 Measuring Variables for Analysis

The primary data needed for the analysis are cost data, premium data, and coverage data. Both premiums
and costs in this setting are measured relative to annual earnings. While measuring premiums and coverage
are straightforward, there are a few subtle issues that arise when measuring costs in this setting. The ideal
cost data would follow all realized disability spells through their entire duration to calculate the average
cost measures used in the welfare analysis. Because the disability spells we focus on originated relatively
recently (our sample period is 2003-2006), many of the disability spells are still unfinished, and thus, this
ideal information following each spell through its entire duration is not availableE] In practice, we have
data on LTD claims paid through 2011, which means that all disability spells originating during the period
of coverage (2003-2006) are observed through at least the first five years of the spell. Although complete data
is not available for censored spells, we can construct proxies for the total realized costs using the data that is
available. In our baseline analysis, we use a conservative measure of costs where we calculate the maximum
potential costs by extending those spells truncated at five years to their maximum possible duration and
imputing the lost wages[| Because our aim is to estimate a lower bound on the welfare provided by disability
insurance, this conservative measure is appropriate. However, we also repeat the welfare analysis with
alternative (less conservative) cost measures and display the results in Appendix [D| for comparison. The
primary cost measure used in the welfare analysis is the mean present discounted value of the realized costs
relative to annual earnings associated with the incremental 10 percentage point increase in the replacement
rate. The baseline cost measure is constructed using an interest rate of 4%, and additional analysis presented
in the Appendix[D|illustrates that the results are robust to a range of alternative interest rates.

One aim of the welfare analysis is to estimate a lower bound on the wage replacement benefits of public
disability insurance. In this analysis, we focus on bounding the surplus generated by compulsory disability
insurance coverage of generosity equal to the mean SSDI replacement rate in the estimation sample, where we
calculate an individual’s SSDI replacement rate using the SSA formula replacing the AIME with the monthly
wage rate according to the firm’s human resources records. We note this is an imperfect calculation because

the data does not contain each worker’s full work history which would be needed to precisely calculate the

2Notice that this is not just a data availability issue. Many of the disability spells originating during the period of coverage (2003-
2006) are currently still unfinished. Thus, even with the most up-to-date data available to claims administrators, there would still be a
censoring issue.

30The maximum possible duration of benefits is set by the LTD insurance policies and depends on the age at disability. For those
disabled before age 60, benefits may be paid until the individual turns age 65. For those disabled after age 60, the benefits may continue
for a maximum of five years.
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AIME following the SSA formula.
2.2.3 Summary Statistics and Identifying Variation

The estimation sample is restricted to salaried employees who are actively employed in the previous calen-
dar year, who are subject to the relevant LTD benefit menu, and who have an SSDI replacement rate less
than 50% This final restriction ensures that for all the employees in the sample, the LTD plans offered by
the firm all provide coverage that goes beyond SSDI's coverage. To ensure the workers in the estimation
sample are comparable over time, we drop workers at job sites that open or close during the period of anal-
ysis (2003-2006) and workers at job sites that experience very large fluctuations in employment during the
period of analysis (job sites at which the percent change in employment from the minimum to the maximum
employment year exceeded 75%)1’5_71

Figure 4| describes the public and top-up private disability coverage available to employees at the firm.
The horizontal axis displays the monthly earnings, and the right vertical axis displays the associated pre-tax
monthly potential disability benefit. The solid line displays the SSDI public disability benefit formula for the
year 2003 (the first year of our sample), while the remaining three lines display the benefit formula for those
who have one of the firm’s three available top-up private LTD plans in addition to SSDI public disability
insurance. The estimation sample focuses on individuals with an SSDI replacement rate less than 50% (the
Plan L replacement rate). In terms of this figure, these are the individuals whose monthly earnings lie to the
right of the intersection of the “with Plan L top-up” line and the “SSDI” line. This level of monthly earnings
based on the 2003 benefit formula is roughly $2,020 which is indicated in the figure by the vertical reference
line. In addition to displaying the public and private potential disability benefits, this figure also displays a
histogram of the monthly earnings for all salaried employeesFE] As can be seen in this figure, the vast majority
of salaried employees at the firm have high enough earnings that their implied SSDI replacement rate lies
below the 50% threshold used to define the estimation sample.

Table 3| compares employees in the estimation sample (column 3) to the entire employee population at
the firm (column 1) and to all salaried employees at the firm (column 2). From inspecting Table [3| one can
see that the mean employee tenure is approximately 13 years. The majority of employees are male, and the
median age is 45. The estimation sample contains roughly 23% of the overall employee population. Those in
the estimation sample differ from the wider employee population at the firm along a couple of dimensions:
those in the estimation sample are salaried employees (as opposed to hourly employees) and earn higher
wages on average. The median wage is roughly $60,000 in the estimation sample, while the median wage
is approximately $36,000 across the entire firm. Along several other dimensions such race, age, sex, and
company tenure, the estimation sample and the overall employee population look quite similar.

For comparison, Table E] columns (4) through (7) report analogous summary statistics for employees in
the Current Population Survey (CPS), pooling data across 2004-2007. Comparing columns (1) and (4), we see
that employees in the firm and a nationally representative sample of employees in the CPS appear broadly
similar in terms of mean age and mean annual earnings, but quite different in terms of gender composition.
The difference in gender composition can be explained by industry, as the employees at the firm (column
1) and manufacturing employees in the CPS (column 5) look very similar along this dimension. Examining

the table further, we can see that the salaried employees at the firm (column 2) look similar in terms of

31The restriction that workers be “actively employed” means that the workers were employed continuously at the firm and were not
on leave, paid or unpaid, during the previous calendar year.

32Because the identification strategy leverages over time variation, we make this restriction to ensure the sample is relatively homoge-
nous year-to-year.

31n this figure, monthly earnings are censored at ($200,000/12).
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observable characteristics to manufacturing employees in the CPS with white collar occupations (column
6)@ Lastly, comparing the estimation sample (column 3) to the sample in the CPS that meets an analogous
selection criteria (column 7), one can see that they look broadly similar on observables such as age, gender,
race, and annual earnings. Overall, it is important to emphasize that neither the firm’s overall employee
population nor the estimation sample are representative of employees in the United States as a whole, so
one should exercise appropriate caution in interpreting the estimates. That being said, along the lines of
observable attributes, the employees in the estimation sample look similar to manufacturing, white collar
employees more broadly.

Table[d] displays some summary statistics by year for the estimation sample. Since the identifying varia-
tion stems from a sharp change in premiums between 2003 and 2004, it is important to demonstrate that the
estimation sample is comparable across the years in all other ways. Column (1) summarizes demographic
information for employees in the sample during 2003 (the year in which the relative price for Plan H was
the highest), while columns (2) through (4) display summary statistics for the subsequent three years, during
which the relative price for Plan H was lower and quite stable. Across these columns, the table summarizes
observable employee information by year, along with the overall mean predicted probability of the worker
claiming LTD based on the worker’s observable characteristics (denoted by “predicted LTD claims”). This
predicted probability is simply the fitted value from regressing an indicator for having a disability claim on all
the observable attributes summarized in Table[d] Inspecting this table, we see the sample looks very similar
across the four years in terms of age, job tenure, fraction male, earnings, and predicted LTD claims. In par-
ticular, there is no evidence of a problematic break in observables coincident with the Plan H price decrease
between 2003 and 2004. We also investigate this in a slightly different way, relating worker characteristics
to the continuous (relative) price for Plan H including a time trend. The coefficients and p-values associated
with these regressions, reported in columns (5) and (6), collectively illustrate that the identifying variation is
unrelated to the observable characteristics. We can also reject that all of these observables are jointly related
to the premium variation (p-value 0.33). Overall, the evidence from Table E] illustrates that the identifying
premium variation is unrelated to observable characteristics. In addition to this evidence supporting the
identification assumption, we also demonstrate that the welfare analysis is robust to the inclusion/exclusion
of covariates in the demand estimation (e.g., a time trend, demographic controls, individual fixed effects,
etc.).

3 Empirical Application: Welfare Framework and Estimation Strategy

3.1 Adapting Welfare Framework to Empirical Context

Below we discuss how the framework outlined in Section [1|is adapted for the purpose of the empirical
application. As discussed in the prior section, we focus on estimating the demand and costs associated with
a 10 percentage point increase in the replacement rate starting from a baseline of 60% wage replacement
in the event of disability (moving from Plan M to Plan H among the plans offered by the firm). Thus, the
empirical application departs from the initial basic framework in Section [I]in that there is a wedge between
the willingness-to-pay we estimate (moving from a 60% to 70% replacement rate) and the replacement rate
of compulsory public insurance (on average 34% in our estimation sample). We adapt the welfare measures

and interpretation to account for this difference as described below.

34The definition of white collar occupations used here encompasses individuals who report professional or managerial occupations.
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3.1.1 Marginal Welfare Analysis

First, we consider the welfare associated with the incremental coverage provided by supplemental insurance,
the coverage for which there is variation to directly estimate demand. Specifically, we consider a supple-
mental insurance product that offers an additional 10% replacement rate on top of a compulsory baseline
replacement rate of 60%. We use the variation in this context to obtain estimates of the mean willingness-
to-pay and welfare in two different scenarios: (i) an extension of the compulsory baseline coverage to in-
clude the incremental coverage if individuals would otherwise have no access to the incremental coverage
(MeanWTP_Extn(c0|0.7,0.6), Wel fare_Extn(c0]0.7,0.6)), and (ii) an extension of the compulsory baseline
coverage to include the incremental coverage relative to a competitive market for the incremental coverage
(MeanWTP_Extn(PF|0.7,0.6), Wel fare_Extn(P“?|0.7,0.6)).

These measures tell us the value associated with extending compulsory disability coverage, starting from
a baseline of compulsory coverage with a 60% replacement rate. Note that these measures do not directly
measure the value of extending compulsory public coverage which has a much lower replacement rate than
the baseline coverage in the empirical context (on average 34% among individuals in the estimation sample).
However, under the assumption used to calculate the inframarginal welfare bound (Assumption 1 below),
the value of the incremental coverage, MeanWT P_Extn(oo|la + 0.1, ) and Wel fare_Extn(oco|a + 0.1, &), is
decreasing in the baseline coverage a. Thus, under the assumption used to derive the inframarginal welfare
bound, we can interpret the marginal welfare measures above as a lower bound on the welfare obtained by
a 10 percentage point increase in the replacement rate, starting from the lower replacement rate of public
disability coverage.

Following the same logic, note that there is a testable implication of the assumption needed for the in-
framarginal welfare analysis (Assumption 1 below): the mean willingness-to-pay for incremental coverage
MeanWTP_Eztn(oco|a + 0.1, ) should be decreasing in the baseline coverage, . As described further in
Section [} we provide suggestive evidence on this by comparing our baseline demand estimates for Plan H
coverage (relative to Plan M coverage) to those obtained for Plan M coverage (relative to Plan L coverage),
leveraging the limited available variation in the relative price for Plan M.

3.1.2 Inframarginal Welfare Analysis

We next discuss welfare within the context of broader counterfactuals which involve changes beyond the
incremental coverage observed in the data. As discussed in Section [1} in order to bound welfare generated
by the inframarginal compulsory disability coverage, we make the following assumption:

Assumption 1. The willingness-to-pay for coverage of generosity (6 — «y) on top of a baseline coverage of +,

7(6,), satisfies the following properties: 2 (%’;’)) <0and £ (We(ef’;)) <0.

Section (1| describes the intuition behind this assumption and describes a simple sufficient condition for
this assumption (i.e., utility satisfies weakly decreasing absolute risk aversion). Further, suggestive evidence
on the plausibility of this assumption in the empirical context is discussed in Section [4}

Maintaining this assumption, we consider the value of the inframarginal compulsory disability coverage
relative to a setting in which no insurance is available for this risk. First, let us consider compulsory base-
line insurance which provides a 60% replacement rate. Under Assumption 1, we calculate a lower bound
on mean willingness-to-pay and welfare associated with the baseline coverage in two scenarios: (i) individ-
uals have compulsory baseline coverage of generosity 60% with no opportunity to buy supplemental insur-
ance (MeanWT P_Baseline(&,0|0.7,0.6), Wel fare_Baseline(&, 00[0.7,0.6)) and (ii) individuals have com-

pulsory baseline coverage of generosity 60% with the option to buy private supplemental insurance that pro-
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vides an additional 10% replacement rate in a competitive market (MeanW T P_Baseline(@, P¢#|0.7,0.6),
Welfare_Baseline(@, P€F|0.7,0.6)). Note this latter measure which accounts for the opportunity to buy
supplemental coverage is a tighter lower bound than the former measure, provided that the competitive
private supplemental market generates positive surplus (as is the empirically relevant case in this context)E]

Beyond considering welfare of the baseline coverage in the empirical context, we consider welfare pro-
vided by public disability coverage. Specifically, we calculate a lower bound on welfare generated by compul-
sory insurance that provides coverage of generosity equal to the average replacement rate of public disability
coverage, apyplic (approximately 34% in our sample). Under Assumption 1, 7(« + §, ) is decreasing in «
and we obtain a lower bound on the welfare associated with compulsory disability insurance of generosity
apuplic Telative to no insurance coverage:

MeanWTP_Public(2,50|0.7,0.6; o pupiic) = / T(pubiic, 0)0)dG () > / %w(O.?,O.G\w)dG(@ (22)

Wel fare_Public(&,00|0.7,0.6; apypiic) = / (W(Oépublic, 0lp) — clapubiic, 0\99))dG(<p)

> / (FHLET(0.7,0.610) — clapusiic, 019))dG (). (23)

The lower bound above does not account for any additional surplus generated by the option to buy
private supplemental insurance to top-up the benefits of the compulsory coverage. Including such an ad-
justment would provide a tighter lower bound than the bound described in Equation 23} provided that the
private supplemental market generates positive surplus. Note that accounting for the opportunity employees
have to buy supplemental coverage within the firm would rely on quantifying the value of all the disabil-
ity plans available to employees, and there is not sufficient variation to directly measure demand for all the
plansﬁ] For this reason, our primary analysis and discussion centers around the conservative lower bound
described above. In Appendix (Bl we demonstrate how additional assumptions can be leveraged to calculate
a tighter lower bound on the value of public disability insurance in the empirical context accounting for the
private disability options employees have available at this firm.

3.2 Empirical Strategy and Connection to Welfare Framework

Demand To calculate the welfare measures described above, we need to estimate the demand for supple-
mental coverage. In the disability insurance setting, an individual’s coverage and an individual’s premium
are defined relative to the individual’s annual earnings. In addition, the variation that we use to identify the
demand curve is in the relative premium for supplemental coverage. Thus, we estimate the demand curve
in relative terms and then discuss how this demand curve is used in the welfare counterfactuals considered
below.

Let p!f and p}! represent the premium (measured relative to annual earnings) faced by individual i in

%5 As discussed in the following section, we find evidence consistent with no moral hazard induced by the marginal LTD coverage
in this setting. In the absence of moral hazard, a private competitive market for supplemental insurance necessarily generates positive
surplus. Further analysis reported in Appendix[C]demonstrates that the incremental coverage moving from a 60% to a 70% replacement
rate generates positive surplus even in the presence of moral hazard, when we use moral hazard estimates from prior studies. While
there are several mechanisms in place to curb moral hazard in the disability insurance setting (i.e., the disability screening process, the
elimination period, etc.), moral hazard may be more prevalent in some other insurance settings with complementary public and private
insurance. For example, (Cabral and Mahoney| (2014) estimate that private Medigap supplemental insurance exerts a large negative
externality on the Medicare public insurance system and that this externality is so large that the private supplemental Medigap market
is on net welfare-reducing.

36Plan L is free for all employees, and thus one cannot directly estimate demand for this lowest generosity plan. However, under some
additional assumptions, one can use the demand curve for Plan H (or Plan M) to put bounds on the unobserved willingness-to-pay for
Plan L. Additional analysis in Appendix|B]illustrates how additional assumptions allow us to obtain a tighter lower bound on the value
of public coverage for this population accounting for the LTD plans offered within this firm.
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year t for Plan H and Plan M, respectively. Let r-(6,7|p) = ”(i’}iﬂg‘p) denote the relative willingness to pay
for generosity 6 coverage over the outside option of v coverage. The focus of the empirical analysis is on
estimating demand for Plan H relative to Plan M: the distribution of r.(0.7,0.6|¢). To recover this relative
demand curve from the empirical setting, we assume that none of these vertically differentiated products are
dominated in the ranges of prices observed in the data, so that the relevant price for tracing out the relative
demand curve for a product is the price compared to that of the adjacent products. Under this assumption,
we can use variation in the relative price for Plan H over Plan M, (p] — p), to trace out the distribution of
r7(0.7,0.6]¢).

Given rich enough variation in relative prices, one could in principle estimate a nonparametric demand
curve for the incremental coverage, giving one a fully nonparametric bound on welfare generated by the
compulsory insurance. However, since the price variation in reality is limited in this context, we initially
focus attention on estimating linear and linear-log specifications of demand (and later show the results are
robust to alternative demand forms). We estimate the demand for Plan H coverage using the following

estimation equation:
PlanH;; = I(r(0.7,0.6|p) > pfl — pM) = ap + a1 (pfl — M) + pXis + €, (24)

where PlanH; indicates if individual i selected Plan H and (pf7 — p}) is the price of Plan H relative to
Plan M. In addition to the linear specification described above, Table |5/ also presents the results of a linear-
log specification, where the log of the relative price enters rather than the relative price level. The baseline
demand estimates include a time trend to control for any unrelated trends in insurance enrollment that may
be correlated with the identifying variation. Further analysis presented in Section demonstrates that
the welfare analysis is robust to several other alternative specifications of demand, including alternative
included/excluded covariates (e.g., no controls, individual fixed effects, etc.) and alternative demand forms
(e.g., probit demand, logit demand, log-log demand, etc.).

As discussed in Section 2} the main estimation focuses on the demand for Plan H over Plan M because
most of the premium variation in this context is in the relative premium for Plan H over Plan M. However, in
addition to our main estimates on the demand for Plan H relative to Plan M, we also investigate the demand
for Plan M relative to Plan L coverage to provide suggestive evidence on the validity of Assumption 1. To
do this, we use the limited variation in the (relative) premium for Plan M compared to Plan L to estimate the
demand for Plan M coverage. Thus, we similarly estimate the relative demand for Plan M by estimating the

following equation:
PlanMorH;; = I(r(0.6,0.5|p) > pM) = 0y + 01p2 + ¢ X5 + eir, (25)

where PlanMor H; indicates that the individual chose Plan H or Plan M coverage and p?/ is the price of Plan
M relative to Plan L (as p& = 0).

Costs While cost data is not necessary to measure the willingness-to-pay for disability insurance, to fully
evaluate welfare it is necessary to have data on costs. In this regard, the empirical environment has both
strengths and weaknesses. A strength of the empirical environment is that there is individual-level adminis-
trative cost data, so that at least in principle, one could use the very same price variation used to estimate the
demand curves to estimate moral hazard and selection. However, a practical limitation is that it is difficult to
obtain precise estimates of selection and moral hazard within the context of disability insurance, as realized
costs are noisy proxies for expected costs given the low incidence of disability. In the face of these strengths
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and weaknesses, we take the following approach. First, we investigate the possibility of moral hazard in
this setting and find evidence consistent with no moral hazard using the price variation used to estimate
demand. See Appendix |C|for this analysis. Second, we proceed with the baseline welfare analysis under
the assumption that supplemental disability insurance induces no moral hazard. We then demonstrate that
the main findings from the welfare analysis are unchanged when employing alternative assumptions about
moral hazard based on estimates from prior studies on disability insurance in other contexts.

As is the case with demand, costs are measured relative to annual earnings. Let ¢;; represent the present
discounted value of the realized costs relative to annual earnings associated with providing individual 4
in year ¢t an incremental 10% replacement rate paid in the event of disability. We use an interest rate of
4% in the baseline estimation. Additional analysis presented in Appendix [Dillustrates that our results are
robust to a range of alternative interest rates. Our focus throughout is on the wage replacement costs for
disability insurance (i.e., the costs for which we have data). While we have no data on administrative costs
and thus abstract from such costs here, it would be straightforward to calculate alternative welfare measures
incorporating administrative Costsﬁ]

As discussed above, we measure welfare under two hypothetical scenarios with regard to the availability
of supplemental insurance: (i) supplemental insurance is not available and (ii) supplemental coverage pro-
viding an additional 10% wage replacement is sold in a competitive market. As is clear from the framework
discussed above, measuring welfare under the counterfactual scenario in which supplemental insurance is
not available simply requires estimating the average cost of all individuals in the population (the mean value
of ¢;; under the assumption of no moral hazard). In other words, our primary estimates of the welfare
generated by the marginal and inframarginal coverage are independent of the degree of selection in the sup-
plemental insurance market. However, to calculate additional welfare measures under the counterfactual
scenario of a competitive supplemental insurance market, we need estimates of the average cost of those
who do and those who do not buy insurance in a competitive supplemental insurance market (which will
depend on the degree of selection in the supplemental market). Table |5 Panel B displays the mean incre-
mental cost (the mean value of ¢;;) for everyone in the estimation sample and separately for those who do
and do not purchase the incremental coverage. Note that the relative price for incremental coverage for each
plan is very close to the average cost of those individuals willing to pay for the incremental coverage. In
other words, the predicted competitive equilibrium in the market for incremental coverage would be close to
the observed pair of average prices and quantities regardless of the shape of the average and marginal cost
curves far outside of the variation in the data. Thus, we take the observed mean (relative) costs of the insured
and quantity of individuals insured as an approximation of the competitive equilibrium for the incremental
coverage, which allows us to use mean cost estimates for those with and without supplemental insurance
in the data (reported in Table |5 Panel B) to compute the welfare measures discussed above@ Note that a
major advantage of relying on this approximation is that the cost estimates that enter the welfare analysis,
in this case, are precisely estimated (see Table |5/ Panel B). While we use this approach for the baseline wel-
fare analysis, Appendix|C] presents estimates of selection in this context and illustrates that using alternative

%7Because the welfare analysis discussed below illustrates that the marginal disability coverage generates substantial surplus, incor-
porating even quite large administrative costs would not affect the qualitative findings.

38Note that several of the counterfactuals we consider are independent of the degree of selection in the supplemental insurance market
(Table@Panel A row 1 and Panel B rows 1 and 3). However, two of the counterfactuals we consider account for the available private
supplemental insurance, and thus depend on the degree of selection within this market (Table[g|Panel A row 2 and Panel B row 2). Table
and Appendix Figure [Al| demonstrate that the mean observed relative price for Plan H is close to the mean cost of the insured for
this incremental coverage. Thus, we investigate counterfactuals related to the private market for supplemental coverage by taking the
observed mean (relative) cost of the insured and observed share of individuals enrolled in Plan H as an approximation of a competitive
equilibrium in this market, assuming average cost pricing.
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methods to predict the counterfactual mean costs in a competitive market yield similar welfare estimates as
our baseline strategy.

4 Empirical Application: Estimates and Welfare Analysis

4.1 Estimates

Table displays the demand and cost estimates. Panel A columns (1) through (3) display demand estimates
for Plan H coverage (relative to Plan M coverage). Columns (1) and (2) display linear demand estimates for
Plan H coverage, without individual fixed effects (column 1) and with individual fixed effects (column 2).
For comparison, column (3) displays linear-log demand estimates for Plan H coverage, where the maximum
implied willingness-to-pay for the incremental coverage is constrained to be no greater than 1% of annual
earningst] Across these specifications, we see that an increase in relative premium for Plan H is associated
with a statistically significant decline in the share of individuals with this disability plan. Drawing on the es-
timates from column (1), the magnitude implies that an increase in the premium for Plan H by 0.1% of annual
earnings would lead the share of individuals enrolled in Plan H to decline by 7 percentage points (or 11%
of the mean value). Table 5| Panel A also displays the mean implied willingness-to-pay for the incremental
coverage based on these regression estimates, along with the associated bootstrapped standard error. Using
these estimates from column (1), the implied annual mean willingness-to-pay for the incremental coverage
provided by Plan H is 0.31% of annual earnings, or $202 for an individual earning $65K annually (roughly the
mean annual earnings in the sample population). This estimate is precisely estimated with a 95% confidence
interval that allows us to rule out estimates less than 0.27% of annual earnings or more than 0.34% of annual
earnings@] Table E] Panel B displays the mean cost for providing the incremental coverage for everyone and
separately for those who do and those who do not purchase supplemental coverage. Using the mean cost es-
timates to contextualize the mean willingness-to-pay estimates, we see that the mean willingness-to-pay for
incremental coverage in the population is 279% of the mean cost of providing this coverage, indicating that
the incremental disability coverage generates substantial surplus. The implied valuation of the incremen-
tal coverage is similar when employing estimates from a demand specification with individual fixed effects
(column 2) or a linear-log specification of demand (column 3).

In addition to presenting the baseline Plan H demand estimates that we use for the welfare analysis be-
low, Table [5| also displays the demand estimates for the incremental coverage provided by Plan M. There
are two important things to note about these estimates as compared to analogous estimates for Plan H cov-
erage. First, while the negative premium coefficient estimates in Panel A columns (4) and (5) suggest that
the demand for the incremental coverage provided by Plan M is price-sensitive, the coefficient estimates and
the corresponding mean implied willingness-to-pay for coverage are much less precisely estimated than the
analogous estimates for Plan H coverage. The difference in precision across these estimates is not surprising
given the limited variation in Plan M premiums during the sample period relative to the variation in the Plan
H premium (see Table[2). Second, though the Plan M demand estimates are statistically imprecise, the general
pattern of the mean implied willingness-to-pay estimates is consistent with the assumption we use to derive
a lower bound on the total welfare (Assumption 1). As noted in Section [3| Assumption 1 implies that an
individual’s willingness-to-pay for incremental coverage is decreasing in the replacement rate of the baseline

% Because an unconstrained linear-log specification yields somewhat unrealistically high valuations of LTD in the upper tail and our
aim is to obtain a lower bound, we constrain the estimated linear-log demand curve such that the maximum willingness-to-pay for Plan
H incremental coverage is 1% of annual earnings.

40This confidence interval is based on the bootstrapped standard error on the mean willingness-to-pay reported in Table@ where we
utilize 100 bootstrap samples.
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coverage, and thus an individual’s willingness-to-pay for Plan M is weakly greater than his/her willingness-
to-pay for Plan HE] Consistent with this assumption, the estimate for the mean willingness-to-pay for Plan
M coverage is higher than the estimated mean willingness-to-pay for Plan H coverage, though the Plan M
estimates are imprecise enough that these estimates are not statistically distinct. While the baseline welfare
analysis below uses the more precise (and more conservative) Plan H demand estimates, Appendix|D|reports
the analogous welfare measures based on the Plan M demand estimates for comparison.

Below, we investigate welfare under several counterfactuals where we use the demand estimates from
the baseline linear specification (Table [5| Panel A column 1). In Section we show that the main welfare
estimates are very similar when using estimates from alternative specifications of the demand for Plan H cov-
erage, including specifications with richer controls (e.g., demographic controls, individual fixed effects, etc.)
and specifications with alternative demand forms (e.g., probit demand, logit demand, linear-log demand,
log-log demand, etc.).

4.2 Implied Welfare Analysis

Next, we present the welfare analysis based on these estimates. For each counterfactual considered, Table [f]
reports the mean willingness-to-pay and welfare per dollar of annual earnings using the demand estimates
from Table [5| column 1. In addition, we also present two scaled versions of these measures to ease inter-
pretation. The table reports the mean willingness-to-pay and welfare as a percent of the mean per-capita
compulsory insurer’s cost associated with the counterfactual. To contextualize the relative estimates in terms
of dollars, the table also reports the mean willingness-to-pay and welfare measures scaled by $65K, approxi-
mately the mean annual earnings in the sample. Note that scaling the estimates by the mean annual earnings
provides an unbiased estimate of these welfare measures in dollar terms if earnings are uncorrelated with
the relative willingness-to-pay for disability coverage

Table [ Panel A considers the welfare associated with an extension of the compulsory baseline cover-
age to include the incremental coverage, where the difference between the counterfactuals in rows (1) and
(2) is the benchmark that welfare is measured against: row (1) considers welfare of an extension relative to
the benchmark of no available incremental insurance coverage and row (2) considers welfare of an exten-
sion relative to the benchmark of a perfectly competitive private market for the incremental insurance. If
the relevant benchmark is no supplemental insurance market, then the per-capita mean willingness-to-pay
associated with an extension is 0.31% of annual earnings, or 279% of the mean cost of the incremental cov-
erage. The implied per-capita welfare associated with the extension is 0.20% of annual earnings, or $129
annually when scaled by $65K. This analysis indicates that individuals in this population highly value the
incremental disability coverage starting from a high baseline level of coverage: on average, individuals value
the incremental 10 percentage point increase in the replacement rate at more than two and a half times the
cost of providing this coverage. Comparing row (1) to row (2), we see that a substantial amount of the value
of an insurance extension is crowded-out if individuals would otherwise have access to a competitive mar-
ket for this incremental insurance coverage. If a competitive private market for the incremental coverage is
the relevant benchmark, an extension of compulsory coverage is associated with mean willingness-to-pay
of 0.05% of annual earnings, and such an extension would actually reduce welfare according to the baseline
estimates@ Overall, the marginal welfare analysis reveals that individuals, on average, highly value the in-

#lUnder Assumption 1 used to calculate the welfare bound (from Proposition 1), w(a + §, @) is decreasing in a.

“Note that this scaling will underestimate the value of disability coverage in dollar terms if instead the relative surplus from disability
coverage is positively correlated with annual earnings.

“While Table 5| Panel B provides evidence consistent with adverse selection in this context, the counterfactuals indicate that the
adverse selection is not so dramatic as to call for mandating the purchase of the incremental coverage if individuals would otherwise
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cremental coverage moving from a 60% to a 70% replacement rate, and there would be substantial surplus
associated with increasing the generosity of compulsory insurance if individuals would not otherwise have
access to this incremental insurance Coveragellzl

Next, we turn to the implied inframarginal welfare bound results reported in Table 6| Panel B. As dis-
cussed in the prior section, the inframarginal welfare analysis focuses on estimating a lower bound on the
value of compulsory disability coverage relative to the benchmark of no available insurance for this risk.
Rows (1) and (2) focus on bounding the value of compulsory coverage with a 60% replacement rate, where
the difference between these counterfactuals is that row (2) accounts for the additional welfare generated by
the optional private supplemental market that exists to top-up the baseline coverage. Without accounting for
the opportunities individuals have to buy supplemental insurance, the lower bound on the mean willingness-
to-pay for the baseline compulsory coverage is 1.9% of annual earnings, and the welfare associated with the
baseline coverage is at least 1.2% annual earnings, or $777 when scaled by $65K. While the lower bound in
row (1) is equally applicable regardless of the availability of supplemental insurance, we can obtain a tighter
lower bound if we account for the additional surplus generated by the supplemental insurance that exists
to top-up the compulsory coverage. Accounting for the possibility to buy supplemental insurance from a
competitive market, we obtain that the mean willingness-to-pay for the baseline compulsory coverage is at
least 2.1% of annual earnings and the associated net welfare is at least 1.5% of annual earnings, or $947 when
scaled by $65K.

While the value generated by compulsory disability insurance with a 60% replacement rate is of interest
within the empirical context, more generally we may want to know the value provided by public disability
insurance, which has a lower replacement rate than the baseline coverage in the empirical setting. Row (3)
presents the welfare bounds associated with disability insurance providing a 34% replacement rate (the mean
public disability replacement rate among individuals in the sample) relative to a setting in which individuals
have no access to disability insurance. This analysis reveals that the mean willingness-to-pay for public
disability coverage is at least 1.1% of annual earnings, and the implied per-capita welfare of this coverage is
at least 0.7% of annual earnings, or $440 when scaled by $65K. Overall, this approach produces a meaningful
lower bound on the value of the inframarginal disability insurance coverage, which indicates that individuals
in this population highly value disability insurance relative to the costs of providing this coverage.

have access to a competitive market for this incremental coverage. Note that the surplus arising from a competitive market for the
incremental coverage is substantial, indicating that employees highly value the option to buy the incremental coverage provided by
the most generous disability plan offered by this firm. The fact that the estimates indicate that the option to buy a 70% LTD plan
generates so much surplus is particularly interesting as this LTD plan is more generous than the vast majority of LTD plans offered
by employers nationally. The median replacement rate of employer-provided LTD coverage nationally is 60%, with only 1% of plans
providing coverage in excess of 67% and 24% of plans providing coverage less than 60%. (These statistics are reported in Table 30
of the U.S. Department of Labor’s National Compensation Survey, Employee Benefits in the U.S., March 2015 publication at: http:
//www.bls.gov/ncs/ebs/benefits/2015/ownership/civilian/table30a.pdfl)

*The primary take-away from the marginal welfare analysis is that the incremental disability coverage provides a large amount of
surplus in this setting. This general qualitative result, that individuals highly value disability insurance on the margin, is largely in
line with the findings from prior studies related to disability insurance. Prior studies by |Low and Pistaferri| (2015) and |(Chandra and
Samwick] (2005) employ calibrated life-cycle models to quantify the welfare associated with disability insurance. While the approaches
in these calibration studies is quite different from the approach we employ, these prior studies provide some similar qualitative insights.
Calibrations in these studies reveal that extending the generosity of SSDI would improve welfare, indicating that individuals value
a marginal extension of coverage at more than the cost of providing this coverage. Given the large stakes associated with disability
risk and the incomplete coverage available from other sources, it is perhaps not surprising that individuals would highly value an
incremental increase in coverage for this risk. The threat of a career-ending disability is arguably the largest adverse financial shock
faced by many individuals. Prior work by |Dobkin et al.| (2016) has found that while individuals tend to have very good coverage for
the medical costs associated with health shocks, individuals have relatively little coverage for the earnings losses associated with severe
health shocks. Our baseline results indicate that individuals in this context on average value the incremental 10 percent replacement
rate at 279% of the cost of providing this incremental coverage, or approximately $200 annually for a worker with the mean earnings in
this population.
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4.3 Robustness

Next, we illustrate that the main welfare analysis is robust to a variety of alternative specifications. In the
interest of brevity, the discussion focuses on the robustness of the estimated lower bound on the value of
public coverage relative to no insurance for this risk. For each alternative specification considered, Table
[/ Panel A displays the implied lower bound on mean willingness-to-pay and welfare generated by public
insurance, and Table [7] Panel B displays the underlying parameter estimates corresponding to each of the
alternative specifications. The first rows of each panel of Table [/]display the baseline welfare measures and
linear demand estimates for reference ]

Because the welfare analysis requires us to extrapolate outside the empirical variation in premiums, the
functional form of the demand curve could meaningfully influence the welfare estimatesﬁ] Thus, we assess
the robustness of our findings by considering alternative demand forms. Rows (2) and (3) present estimates
from alternative probit and logit demand specifications, respectively. The welfare bounds based on these
alternative estimates are similar in magnitude to the baseline estimates and are statistically indistinguishable.
An undesirable property of the linear demand estimates is that the implied willingness-to-pay for those
with the lowest willingness-to-pay is below zero. To address this concern, we consider several alternative
specifications. Row (4) displays alternative welfare measures based on the baseline linear demand curve
truncated at an implied valuation of zero. This alternative piecewise linear demand curve yields a larger
lower bound on welfare: 0.9% of annual earnings (compared to the baseline estimate of 0.7% of annual
earnings). In addition, we estimate alternative specifications which restrict attention to positive valuations of
insurance by including the premium in logs as opposed to levels. Row (5) displays the linear-log specification
(based on the estimates from Table |5|discussed above), while Row (6) displays a log-log specification where
both quantity and premiums enter in logs. Because unconstrained linear-log and log-log specifications yield
somewhat unrealistically high valuations of LTD in the upper tail and our aim is to obtain a lower bound, we
constrain the estimated demand curves in Rows (5) and (6) such that the maximum willingness-to-pay for
Plan H incremental coverage is 1% of annual earnings. These alternative specifications yield broadly similar
welfare bounds as the baseline specification. Overall, we obtain a meaningful lower bound on the value of
public coverage across all of these demand specifications, with the lower bound estimates ranging from 0.5%
to 0.9% of annual earnings.

Next, we consider the robustness of the analysis with respect to the variation used to estimate demand.
Because the identification relies on over-time variation, it is important that individuals in the sample in dif-
ferent years are comparable to one another. In addition to the evidence in Table [4] that individuals across
time look similar in terms of observable characteristics, we illustrate that our results are robust to the inclu-
sion/exclusion of a wide range of controls building further confidence in the identifying assumption. The
baseline specification estimates Equation 24 where we include a time trend to control for any unrelated trends
in coverage that could be correlated with the identifying variation. Row (7) displays the results associated
with estimating Equation [24| with no controls, and Row (8) displays the results associated with estimating

45For reference, Panel B row (1) displays the baseline estimates (from Table |5|column 1), and Panel A row (1) displays the implied
welfare bounds (from Table[6| Panel B row 3).

46 As discussed in Section |2} the price variation available in this context moves the fraction of people buying the most generous
disability plan from 60% to 64%. To evaluate the effect of extending the generosity of compulsory coverage, we need an estimate of the
mean willingness-to-pay for this incremental coverage (the integral over the demand curve). Thus, we need to estimate a parametric
demand curve to investigate such counterfactuals. In practice, our approach is to estimate many different common parametric demand
forms and show that the bottom line welfare estimate is largely unchanged across these specifications. It is worth noting that if one
wanted to restrict attention to counterfactuals within the identifying variation, one could still evaluate several such counterfactuals
including: (i) what is the deadweight loss associated with asymmetric information in a competitive market for supplemental insurance
relative to the first best? or (ii) what is the effect of a moderate-sized subsidy/tax on supplemental insurance?
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Equationwith additional controls for demographic characteristicsﬁ] These alternative specifications yield
very similar welfare bounds as in the baseline specification. We also estimate a specification of demand that
includes individual fixed effects; the identification of this specification comes from individuals switching
coverage in response to the change in relative premiums. Row (9) displays the results of the individual fixed
effects specification, and these results are very similar to those obtained in the baseline specification. Row (10)
illustrates that the welfare bounds look similar when using estimates from a propensity score re-weighted
regression, where observations are re-weighted to look demographically alike to individuals in the first year
of the sample. Taken together, the results in Table [?] rows (7) through (10) illustrate that the welfare bounds
are qualitatively and quantitatively similar with the inclusion of more or fewer controls.

We also consider robustness with respect to the tax treatment of LTD premiums, LTD benefits, and public
SSDI benefits. The baseline specification does not adjust for the tax treatment of LTD premiums, LTD benefits,
or SSDI benefits. For the LTD plans offered at this employer, premiums are paid by employees with pre-tax
dollars, and the benefits individuals receive from their LTD policy in the event of a disability are taxable. In
contrast, SSDI benefits are largely exempt from tax@ Because it is not clear that employees know the tax
treatment of each of these, premiums and the benefits are treated symmetrically in the baseline specification.
Row (11) reports the results from an alternative specification that reflects the tax treatment of premiums and
benefits, where we assume LTD premiums are paid with pre-tax dollars, LTD benefits individuals receive are
taxable, and public SSDI benefits are not taxable (effectively raising the mean SSDI replacement rate from
34% to 52%). For simplicity, in this specification we assume that the same marginal tax rate is applicable
to premiums and benefits, and we use a marginal tax rate of 35%, roughly the average marginal tax rate
among individuals in this sample accounting for state and federal income taxes. While accounting for the tax
treatment of LTD premiums and benefits leads to a lower implied surplus for a fixed extension of LTD cover-
age, accounting for the tax treatment of public SSDI benefits (and the effectively higher after-tax replacement
rate) exactly offsets this giving us the same lower bound on the welfare of public disability insurance as in
the baseline speciﬁcationlzf]

Lastly, we consider robustness with respect to the treatment of moral hazard. The baseline welfare analy-
sis is done under the assumption that supplemental disability insurance induces no moral hazard. While we
find evidence consistent with no moral hazard in this context, the empirical setting provides limited statistical
power to investigate moral hazard as discussed in Section 3l Thus, we investigate the sensitivity of welfare
analysis to the incorporation of moral hazard using estimates from prior studies on disability insurance in
other settings: (Gruber| (2000) and |Autor, Duggan and Gruber| (2012). See Appendix [C| for more details on
this analysis. Note that the impact of assuming that the observed costs are subject to moral hazard depends

47Specifically, the demographic covariates included in this specification are age, sex, and race.

48See this SSA website describing the tax treatment of SSDI benefits: https: //www.ssa.gov/planners/taxes.html,

“To see this, suppose that individuals face a constant marginal tax rate 7. In addition, suppose that compulsory public insurance
benefits are not taxable and LTD benefits are taxable. Let WelfareEztn,(10 x (1 — 7)) denote the estimated welfare associated
with a (10 x (1 — 7)) percentage point increase in the disability replacement rate of compulsory government insurance (relative to
no incremental coverage) given that LTD premiums are paid with pre-tax dollars and the marginal tax rate is 7. To account for the
tax treatment of premiums, the mean willingness-to-pay should be scaled down by (1 — 7) relative to the baseline estimates if the tax
treatment is salient to consumers, and the baseline estimates for the government’s costs should be symmetrically scaled down by (1 —7)
to reflect costs associated with the incremental coverage net of tax revenue. Thus, it is easy to see that accounting for taxation leads
the welfare associated with a (10 x (1 — 7)) percentage point extension of the replacement rate of government provided disability
coverage to be a scaled version of the baseline estimates of an extension not accounting for the tax treatment: Wel fareExtn, (10 x
(1—-7)) = (1 —17)WelfareExtng(10). The lower bound on the value of government provided coverage is unchanged. To see
this, let Wel farePublic(c, T) represent the welfare associated with the inframarginal public coverage accounting for the tax rate 7
and the public insurance is of generosity a. Assuming public benefits are tax-exempt, it is easy to show that the lower bound on

WelfareExztn, (10X (1—7)) __
T0x(1—7) =

welfare is invariant to accounting for the tax treatment: {Lower bound on Wel farePublic(a,T)} = «

o (lfT)Wleéf(‘Z;i}i:;mO(w) =a Welfamlb;zmouo) = {Lower bound on Wel farePublic(a, 0)}.
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on the counterfactual considered. Relative to assuming the observed costs are not subject to moral hazard
(as in the baseline welfare analysis), incorporating moral hazard reduces welfare in counterfactual scenarios
with more insurance than observed in the status quo, and incorporating moral hazard increases welfare in
counterfactual scenarios with less insurance than observed in the status quo. Table [/ rows (12) and (13) il-
lustrate that the lower bound on the welfare generated by public coverage is robust to the inclusion of moral
hazardF_U] In addition to investigating the robustness of this counterfactual, Appendix Table [A3|displays the
welfare analysis for each counterfactual we consider under the alternative moral hazard assumptions. Over-
all, these results illustrate that a marginal extension of disability insurance from a 60% to a 70% replacement
rate generates substantial surplus even in the presence of moral hazard, and we obtain a meaningful robust
lower bound on the implied welfare generated by the inframarginal coverage regardless of which of these
assumptions on moral hazard is employed.

5 Conclusion

This paper outlined an approach to analyze welfare associated with compulsory public insurance relying on
data and variation from the private market for complementary insurance. In settings in which private com-
plementary insurance is available, this approach has several nice properties as compared to other methods to
estimate welfare associated with compulsory public coverage, as it requires straightforward variation, com-
monly available data, and minimal assumptions to evaluate a wide range of welfare questions. Specifically,
we described how the demand and cost curves from the private market for complementary insurance can be
used to investigate counterfactuals associated with a marginal extension of the compulsory public coverage
(a counterfactual that is within the set of observed contracts), as well as broader counterfactuals related to
the inframarginal coverage provided by compulsory public insurance.

We illustrated this framework by applying it to the setting of disability insurance, employing administra-
tive data on long-term disability policies offered through one large firm. The results indicate that employees
at this firm value disability insurance highly. Starting from a baseline replacement rate of 60%, individuals
value increasing the replacement rate by 10 percentage points at more than two and a half times the costs of
such an extension. Based on our estimates, compulsory public disability insurance is associated with bene-
fits that far exceed the costs of this coverage for this population, and extending the generosity of compulsory
public coverage would result in substantial welfare gains for these employees if they would not otherwise
have access to employer-provided supplemental disability coverage. More generally, the analysis highlights
that individuals” willingness-to-pay for supplemental coverage can provide useful insights into the value of

compulsory public insurance.

50Note that the welfare bounds in Table [?] are slightly larger when incorporating moral hazard. This is because the counterfactual
under consideration (public insurance with no opportunity to buy supplemental coverage) involves less insurance than the status quo,
and thus the predicted costs in this counterfactual will be lower if we assume moral hazard has contributed to the costs observed in the
status quo. Importantly, an analogous lower bound on the welfare provided by public insurance which accounts for the firm’s available
LTD policies would be invariant to the degree to which there is moral hazard. (Because we observe costs in the status quo in which
individuals have both public coverage and the firm’s LTD policies, there is no need to calculate counterfactual costs in this scenario.)
See Appendixfor more related discussion.
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Figure 1: Graphical llustration: Marginal Counterfactuals
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Notes: The above figure illustrates the welfare associated “marginal counterfactuals”, or counterfactuals related to the incremental coverage sold in the existing
market for supplemental insurance. A marginal counterfactual of particular interest is the welfare associated with extending the generosity of public insurance to
include the incremental coverage provided by supplemental insurance. Panel (A) displays the case where there is no moral hazard and considers a competitive
equilibrium as the relevant benchmark against which to measure the welfare associated with a public insurance extension. Panels (B) and (C) are similar, except
Panel (B) considers a generic equilibrium as the relevant benchmark if public insurance were not extended, and Panel (C) displays the case in which the incremental
coverage exerts a negative externality on the primary insurer which is not internalized by the supplemental insurer when setting prices in the benchmark perfectly
competitive private supplemental insurance market. The three panels have been labeled such that the welfare measures can be similarly represented across these
scenarios. Relative to a benchmark where no supplemental coverage is available, the average willingness-to-pay and the per-capita welfare generated by this
extension are: MeanWTP_Extn(co|la 4+ 6, ) = Area ABCD and Welfare .Extn(cola + §, ) = Area ABCD — Area EFCD. Relative to a (competitive)
private supplemental insurance market, the welfare generated by extending compulsory coverage is: Wel fare-Extn(P°¥|a 4§, o) = Area HGI — Area GFB =
Wel fare_.Extn(oco|a + §, ) — Area AHIE, where this second expression makes clear that crowd-out of welfare in this scenario is represented by Area AHIE.

The average willingness-to-pay for the extension relative to a (competitive) private supplemental insurance market is MeanWTP_Exztn(P°F|a + §,a) =

Area ABCD — Area AHK.
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Implied WTP for Compulsory Public Coverage (relative to no insurance), 7(0.5

Figure 2: Numerical Example

4500 T

=—©— Lower Bound

— & — Assumptions 1A

O Assumptions 1B 0
4000 [~ | — © — Assumptions 2A P 7

<O Assumptions 2B P s

— © — Assumptions 3A P s

O Assumptions 3B Ve

| | —© — Assumptions 4A /0/ |

3500 A _

~O - Assumptions 5A ~

— ©& — Assumptions 5B

3000

2500

2000

1500

1000

\ \ \ \ \ \
100 110 120 130 140
Hypothetical WTP for Supplemental Coverage, 7(0.6,0.5)

150

Notes: The above figure displays a numerical example comparing the bounding approach for inframarginal welfare analysis to a more
structural analysis that specifies a particular utility function and distribution of risk. Consider an individual who faces some potential
loss and has compulsory public insurance that covers 50% of this risk. Further, suppose the individual has the option to purchase
private supplemental insurance to cover an additional 10% of the risk on top of the public insurance. Following the definitions in
the text, let w(0.5,0) represent the individual’s willingness-to-pay for compulsory public insurance relative to no insurance, and
let 7(0.6,0.5) represent the individual’s willingness-to-pay for supplemental insurance to top-up the compulsory public insurance.
Suppose the individual’s preferences are represented by a univariate utility function u(c), and the individual is risk averse with
weakly decreasing absolute risk aversion. Based on Propositions 1 and 2, we get a lower bound on 7(0.5,0) for any given value
of 7(0.6,0.5). The black solid line in the figure plots this lower bound. This bound is applicable regardless of the distribution
of uncertainty the individual faces and regardless of what form the utility takes. To contrast this bound with a more structural
approach, the figure displays the implied value of (0.5, 0) given a range of potential values of 7(0.6, 0.5) under various assumptions.
Specifically, for each set of assumptions and each value of the willingness-to-pay for supplemental coverage (7(0.6,0.5)), Table
reports the calibrated utility parameters to match this willingness-to-pay for supplemental insurance and the implied willingness-to-
pay for the inframarginal coverage, 7(0.5, 0), based on these calibrated parameters. Tabledisplays the point estimates and the full
set of assumptions underlying this figure.
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Figure 3: Graphical Illustration: Inframarginal Counterfactuals
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Notes: The above figure illustrates the lower bound on welfare associated with the inframarginal coverage provided by compulsory public
insurance relative to the absence of insurance for this risk. Note that with sufficient data and variation in the supplemental insurance market,
one can estimate the inverse demand curve for supplemental insurance (D~ (p|a + §, o)), the marginal cost curve for supplemental insurance
(MC(pla + 6, a)), and the marginal total cost curves as defined in the text (MT'C(p|a + 6, a; &) and MTC(p|a + 6, ;  + §)). Based on Propo-
sition 1, under some assumptions the observed demand curve can be used to bound both MTV (p|a + 6, o; o) and MTV (plae + 6, o; o + §), as
displayed in the figure. Then, the lower bound on the mean willingness-to-pay associated with compulsory coverage given that a competitive
supplemental market exists: MeanW T P_Baseline(P°F|a + 6, o)) > Area ABCD + Area EFGH, where the first term and second term, respec-
tively, give us the mean willingness-to-pay for compulsory coverage among those who do and who do not purchase supplemental coverage.
The analogous lower bound on welfare is: Wel fare_Baseline(PC¥|a + §,a) > Area ABIJ + Area ERL — Area RKF. The lower bounds on the
mean willingness-to-pay and welfare generated by compulsory public coverage in a world in which supplemental insurance is not available is:
MeanWTP_Baseline(oo|a + §, ) > Area MFGO and Wel fare_Baseline(co|a + 8, ) > Area MRN-RKF.
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Figure 4: Public and Private Disability Insurance Among Employees
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Notes: This figure displays both: (i) the potential monthly disability benefit for public and private insurance for each level of monthly earnings
(on the right vertical axis), and (ii) a histogram of the monthly earnings among salaried employees at the firm (on the left vertical axis). Refer-
encing the right vertical axis, the solid line displays the SSDI public disability benefit formula for the year 2003 (the first year of our sample).
The remaining three lines display the benefit formula for those who have one of the firm’s three available top-up private LTD plans in addition
to SSDI public disability insurance. As described in the main text, the estimation sample focuses on individuals with SSDI replacement rate less
than the replacement rate of Plan L of 50%. In terms of this figure, these are the individuals whose monthly income lies to the right of the inter-
section of the “with Plan L top-up” line and the “SSDI” line. This level of monthly earnings based on the 2003 benefit formula is roughly $2,020
and this is indicated in the figure by the vertical reference line. In addition to displaying the public and private potential disability benefits, this
figure also displays a histogram of the monthly earnings for all salaried employees (censored at $200,000/12). As can be seen in this figure, the
vast majority of salaried employees at the firm have high enough earnings that their implied SSDI replacement rate lies below the 50% threshold
used to define the estimation sample.
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Table 1: Numerical Example

(1)

Lower bound on (0.5, 0)

(2) 3)
Assumptions 1A

(4) (5)

Assumptions 1B

(6) @
Assumptions 2A

(8) (9)

Assumptions 2B

WTP for supplemental insurance,
n(0.6, 0.5)

80

90

100

110

120

130

140

150

Assumptions
utility

risk, [loss (probability)]

$400
$450
$500
$550
$600
$650
$700
$750

u"<0 and u has weakly decreasing
absolute risk aversion
no restrictions

calibrated implied r(0.5, 0)
parameter
0.36 $461
0.68 $589
0.96 $737
1.22 $904
1.46 $1,092
1.68 $1,300
1.88 $1,529
2.07 $1,779

CRRA

loss=$0 (0.98), -$35k (0.02)

calibrated implied r(0.5, 0)

parameter
8.66E-06 $438
1.63E-05 $533
2.32E-05 $637
2.94E-05 $747
3.51E-05 $866
4.04E-05 $990
4.53E-05 $1,122
4.98E-05 $1,259

CARA

loss=$0 (0.98), -$35k (0.02)

calibrated implied (0.5, 0)
parameter
0.81 $445
1.53 $551
2.18 $667
2.77 $793
3.31 $928
3.81 $1,072
4.28 $1,224
4.71 $1,383

CRRA

loss=$0 (0.96), -$17.5k (0.04)

calibrated implied r(0.5, 0)

parameter
1.77E-05 $437
3.34E-05 $533
4.75E-05 $635
6.04E-05 S744
7.22E-05 $860
8.31E-05 $980
9.33E-05 $1,106
1.03E-04 $1,237

CARA

loss=$0 (0.96), -$17.5k (0.04)

wage no restrictions wage=5$50k wage=550k wage=5$50k wage=550k
(10) (12) (12) (13) (14) (15) (16) (17) (18) (19)
Assumptions 3A Assumptions 3B Assumptions 4A Assumptions 5A Assumptions 5B

WTP for supplemental insurance, calibrated implied r(0.5, 0) calibrated implied r(0.5, 0) calibrated implied (0.5, 0) calibrated implied n(0.5, 0) calibrated implied r(0.5, 0)
n(0.6, 0.5) parameter parameter parameter parameter parameter

80 2.21 $1,036 5.32E-05 $709 0.27 $478

90 2.53 $1,350 6.09E-05 $866 0.51 $637

100 2.81 $1,709 6.77E-05 $1,035 0.73 $828

110 3.07 $2,114 7.39E-05 $1,215 0.92 $1,057 0.126531229 $577 3.05E-06 $567

120 3.30 $2,560 7.96E-05 $1,405 1.10 $1,327 0.363582661 $691 8.76E-06 $656

130 3.52 $3,043 8.49E-05 $1,604 1.26 $1,640 0.582136671 $817 1.40E-05 $750

140 3.72 $3,559 8.97E-05 $1,810 1.42 $2,000 0.784947907 $955 1.89E-05 $850

150 3.91 $4,102 9.43E-05 $2,023 1.56 $2,408 0.974199158 $1,106 2.35E-05 $954
Assumptions

utility CRRA CARA CRRA CRRA CARA

risk, [loss (probability)] loss=$0 (0.99), -$35k (0.01) loss=$0 (0.99), -$35k (0.01) loss=$0 (0.98), -$35k (0.02) loss=$0 (0.97), -$35k (0.03) loss=$0 (0.97), -$35k (0.03)

wage wage=5$50k wage=5$50k wage=$40k wage=$50k wage=$50k

Notes,_The above table describes a numni ribed in the text to a more structural analysis ] | function and distribution of risk,

Consider an individual who faces some potential loss and has compulsory public insurance that covers 50% of this risk. Further, suppose the individual has the option to purchase private supplemental insurance
to cover an additional 10% of the risk on top of the public insurance. Following the definitions in the text, let 7(0.5, 0) represent the individual’s willingness-to-pay for compulsory public insurance relative to
no insurance, and let (0.6, 0.5) represent the individual’s willingness-to-pay for supplemental insurance to top-up the compulsory public insurance. Suppose the individual’s preferences are represented by a
univariate utility function u(c), and the individual is risk averse with weakly decreasing absolute risk aversion. Based on Propositions 1 and 2, we get a lower bound on 7 (0.5, 0) for any given observed 7(0.6, 0.5).
The black solid line in the FigureR]plots this lower bound. This bound is applicable regardless of the distribution of uncertainty the individual faces and regardless of what form the utility takes. To contrast this
bound with a more structural approach, the figure displays the implied value of (0.5, 0) given a value of (0.6, 0.5) under various assumptions. Specifically, for each set of assumptions and each value of the
willingness-to-pay for supplemental coverage (7 (0.6, 0.5)), Table[IJreports the calibrated utility parameters to match this willingness-to-pay for supplemental insurance and the implied willingness-to-pay for the
inframarginal coverage, (0.5, 0), based on these calibrated parameters. Figure E]plots the point estimates from this table for easier comparison across these scenarios.



Table 2: Long-Term Disability Plan Details

Coverage
Plan L Plan M Plan H
Replacement Rate, All years 50% 60% 70%
Annual Premium (fraction of annual earnings) Relative Premium (fraction of annual earnings)
Plan L Plan M Plan H Plan M-Plan L Plan H- Plan M
Year
2003 0 0.00152 0.00315 0.00152 0.00163
2004 0 0.00152 0.00261 0.00152 0.00109
2005 0 0.00151 0.00259 0.00151 0.00108
2006 0 0.00162 0.00273 0.00162 0.00111
Annual Premium (scaled by reference earnings of Relative Premium (scaled by reference earnings of
$60,000) $60,000)
Plan L Plan M Plan H Plan M-Plan L Plan H- Plan M
Year
2003 0 91 189 91 98
2004 0 91 157 91 65
2005 0 91 156 91 65
2006 0 97 164 97 67
Plan Enrollment in Estimation Sample
Plan L Plan M Plan H
Year
2003 18.7% 20.9% 60.3%
2004 19.5% 16.3% 64.2%
2005 20.4% 15.0% 64.6%
2006 22.2% 13.5% 64.3%

Notes: This table describes the three long-term disability plans available on the menu of plans offered to employees in the estimation sample. In the
context of disability, both benefits and costs are stated in relative terms, relative to the annual earnings. The replacement rate for each plan describes
the fraction of annual earnings paid out in the case of disability. In this table, premiums are stated as a fraction of annual earnings, and scaled by
$60K, roughly the median annual earnings in the estimation sample.
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Table 3: Summary Statistics

Firm Data March CPS 2004-2007 (corresponding to 2003-2006)
All Employees Salary Employees Employees in Estimation All Employees Manufacturing Employees Manufacturing White Manufacturing White
Sample Collar Employees Collar Employees with DI
RR <0.5 and wage<200k
1) () (3) (4) (5) (6) ()

Employee-years 203,457 62,539 47,884 307,018 40,685 11,478 10,650
(unique employees) (69,297) (20,709) (15,754) (228,952) (38,954) (11,331) (10,265)
Fraction Male 0.76 0.72 0.72 0.58 0.71 0.74 0.75
Fraction Salary 0.31 1.00 1.00 0.37 0.29 1.00 1.00
Mean Job Tenure 13.0 13.2 13.5 - - - -
Fraction White 0.78 0.86 0.87 0.69 0.70 0.81 0.81
Age

Mean 44.1 44.4 443 40.8 419 431 432

Median 45 45 45 41 42 43 43

Std Dev 103 9.5 9.2 111 10.6 9.5 9.4
Wage

Mean $44,401 $65,160 $66,668 $44,118 $47,578 $76,145 $73,293

Median $36,516 $58,794 $59,986 $33,906 $36,813 $63,685 $65,134

Std Dev $66,696 $28,521 $28,477 $49,209 $45,177 $62,994 $34,366
SSDI Replacement Rate

Mean 42.2% 34.5% 34.0% 45.2% 43.6% 33.0% 32.0%

Median 44.1% 35.4% 35.4% 44.4% 43.8% 33.6% 33.1%

Std Dev 7.8% 8.8% 8.6% 15.7% 14.5% 12.6% 9.8%

Notes: This table displays summary statistics for employees in the data. All dollar quantities are inflation adjusted to 2005 dollars using the CPI-U.
Column (1) displays summary statistics for all employees from the firm, column (2) displays summary statistics for all salary employees at the firm,
and column (3) displays summary statistics for employees in the estimation sample. The estimation sample is restricted to salary employees who
have the relevant menu of LTD plans offered to them, who have annual earnings less than $200,000, and who have an SSDI replacement rate less than
50%. Columns (4) through (7) display summary statistics for employees from the March Current Population Survey (CPS) for the corresponding
years, 2004-2007 (which describe labor market outcomes from 2003-2006). Column (4) displays the summary statistics for all employees in the CPS,
while column (5) displays summary statistics for all manufacturing employees in the CPS. Column (6) displays summary statistics for manufacturing
employees in white collar occupations, where occupations are classified as white collar if they are managerial or professional occupations. Column
(7) displays summary statistics for manufacturing employees with white collar occupations who have implied SSDI replacement rates less than 50%
(using their reported monthly earnings as a proxy for their AIME) and annual earnings less than $200,000. As described in the text, the table reports
the mean pre-tax SSDI replacement rate for workers in the sample using the SSA formula replacing the average indexed monthly earnings (AIME)
with an individual’s monthly earnings according to the firm’s human resources records (or mean reported monthly earnings in the CPS in columns
(4) through (7)). We note this is an imperfect calculation because we don’t have data on each worker’s full work history which would be needed to
precisely calculate the AIME following the SSA formula.
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Table 4: Identifying Variation

Highest Relative Price Lower Relative Price Coefficient p-value
2003 2004 2005 2006
(1) (2) (3) (4) (5) (6)
Fraction Male 0.72 0.72 0.73 0.73 6.23E-07 0.39
Mean Age 43.8 44.1 44.4 44.8 4.52E-08 0.38
Mean Job Tenure 13.4 13.5 13.5 13.6 -1.62E-08 0.79
Mean In(Annual Earnings) 10.97 11.00 11.02 11.05 -1.99E-06 0.12
Fraction White 0.87 0.87 0.87 0.86 -8.14E-08 0.95
Predicted probability of LTD claim 0.0032 0.0032 0.0031 0.0031 1.02E-04 0.38
N 12,687 11,969 11,840 11,388

Notes: This table displays summary statistics by the variation in premiums used for identification. The row labeled “Predicted probability of
LTD claim” reports the mean fitted value from a regression of an indicator of LTD receipt on the demographic characteristics in the table, where
we control flexibly for age and wage using indicators for deciles of these distributions. Columns (1) through (4) display summary statistics for
employee demographics by year. The remaining columns display how the identifying variation in the relative price of Plan H (pfl — p2) is related

to the demographics in the table. Column (5) and Column (6) displays the coefficient and p-value associated with a regression of the demographic
characteristic on the relative premium for Plan H and a time trend.
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Table 5: Demand and Cost Estimates

Panel A: Demand Estimates

Plan H Plan H Plan H ! PlanMorH PlanMorH
1) () @3) | (4) (5)
Relative premium Plan H -71.26 -64.93 !
(11.77) (12.21) |
Ln (relative premium Plan H) -0.300 '
(.0073) !
(Relative) premium Plan M i -91.19 -38.15
H (38.30) (35.34)
Constant 0.719 0.696 -1.347 ! 0.952 0.867
(.0262) (.0152) (.0346) | (.0595) (.0511)
Controls !
Time Trend X X X i X X
Individual Fixed Effects X : X
|
Dep Var i
Mean 0.63 0.63 0.63 ! 0.80 0.80
Std dev 0.48 0.48 0.48 ! 0.40 0.40
N 47,884 47,884 47,884 ! 47,884 47,884
|
|
Implied Mean WTP for Incremental Coverage, $/annual !
earnings |
Estimate 0.00310 0.00328 0.00289 i 0.00481 0.00936
Std Error (.00016) (.00038) (.00006) ! (.00703) (.34838)
|
Panel B: Mean Costs
Plan H ! PlanMorH
Mean Std Error | Mean Std Error
Per capita cost, $/annual earnings i
All 0.00111 (.00014) : 0.00111 (.00014)
Do Purchase incremental coverage (dep var=1) 0.00155 (.00021) ! 0.00133 (.00017)
Do not purchase incremental coverage (dep var=0) 0.00036 (.00013) i 0.00023 (.00016)
Relative premium, $/annual earnings 0.00124 (1.09E-06) ! 0.00154 (1.95E-07)
L

Notes: The above table displays the demand and cost estimates. Panel A columns (1) and (2) display the results of estimating a linear demand
specification for Plan H coverage, without individual fixed-effects (column 1) and with individual fixed-effects (column 2). Column (3) reports a
linear-log specification for the demand for Plan H coverage, constraining the implied willingness-to-pay to be no more than 1% of annual earnings
(i.e., constraining the demand curve to pass through p=0.01, q=0). For comparison, Panel A columns (4) and (5) display estimates of the demand for
Plan M coverage (relative to Plan L coverage). There are two important things to note about these estimates as compared to analogous estimates for
Plan H coverage. First, while the negative premium coefficient estimates in columns (4) and (5) suggest that the demand for the incremental coverage
provided by Plan M is price-sensitive, the coefficient estimates and the corresponding mean implied willingness-to-pay for coverage are much less
precisely estimated than the analogous estimates for Plan H coverage. This lack of precision is not surprising given the limited variation in Plan M
premiums during the sample period relative to the variation in the Plan H premium (see Table@‘ Second, though the Plan M demand estimates are
statistically imprecise, the general pattern of the mean implied willingness-to-pay estimates is consistent with the assumptions we use to derive a
lower bound on the total welfare (the assumptions within Proposition 1). The bootstrapped standard error on the mean implied willingness-to-pay
for the incremental coverage (relative to annual earnings) is calculated using 100 bootstrap samples. Panel B displays the mean cost estimates for
everyone and separately for those who do and do not purchase the plan corresponding to each column. As discussed in Section@ the mean cost
reported here is the mean present discounted value of disability claim costs relative to annual earnings. For reference, the relative premium for the
plan corresponding to each column is listed below the mean cost estimates.
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Table 6: Implied Welfare Analysis

Panel A: Marginal Welfare Counterfactuals

Mean WTP Per-Capita Welfare Mean Compulsory Insurer Cost
relative to annual % of compulsory scaled by 65k relative to annual % of compulsory  scaled by 65k relative to annual earnings
earnings insurer cost earnings insurer cost
1) ()] (3) (a) (5) (6) @ (8)
Est Std Err Est Std Err Est Std Err
Extension of compulsory baseline 60% rep rate coverage to include incremental
10% rep rate coverage....
(1) relative to no incremental coverage 0.00310 (.00038) 279% 202 0.00199 (.00043) 179% 129 0.00111 (.00014)
(2) relative to competitive private market for incremental coverage 0.00048  (.00037) 43% 31 -0.00063 (.00028) -57% -41 0.00111 (.00014)
Panel B: inal Welfare Counterfactuals
Lower Bound on Mean WTP Lower Bound on Per-Capita Welfare Mean Compulsory Insurer Cost
relative to annual % of compulsory scaled by 65k relative to annual % of compulsory  scaled by 65k relative to annual earnings
earnings insurer cost earnings insurer cost
1) ) 3) (4) (5) (6) @) (8)
Est Std Err Est Std Err Est Std Err
Compulsory baseline 60% rep rate relative to no di y
(1) no supplemental coverage available 0.01860  (.00231) 279% 1,209 0.01195  (.00259) 179% 777 0.00666 (.00083)
(2) competitive private market for providing iti 0.02122  (.00294) 319% 1,379 0.01457  (.00326) 219% 947 0.00666 (.00083)
10% rep rate
(3) Compulsory disability insurance with mean public insurance rep rate (34%) 0.01053  (.0013) 279% 684 0.00677  (.00144) 179% 440 0.00377 (.00047)
(and no i ) relative to no dit y insurance

Notes: This table displays the implied welfare measures using demand estimates from Table.column (1). Panel A displays the implied marginal welfare
analysis outlined in Section [3 Panel B displays the inframarginal welfare analysis, where rows (1) and (2) focus on the baseline coverage offering 60%
wage replacement and row (3) focuses on compulsory insurance with 34% wage replacement (the mean SSDI replacement rate in this population). The
inframarginal welfare counterfactuals are outlined in Section[3.1.2] As discussed in Section@ the mean cost reported here is the mean present discounted
value of disability claim costs relative to annual earnings. This table reports bootstrapped standard errors using 100 bootstrap samples.
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Table 7: Robustness

Panel A: Lower Bound on Value of Public Coverage Based on Alternative Specifications

Lower Bound on Mean WTP Lower Bound on Per-Capita Welfare
relative to annual % of mean cost  scaled by 65k relative to annual % of mean cost  scaled by 65k
earnings earnings
(1) ) 3) (4) (5) (6)
Est Std Err Est Std Err
1. Baseline 0.01053 (.0013) 279% 684 0.00677 (.00144) 179% 440
Robustness to Alternative Demand
2. Probit demand 0.01014  (.00125) 269% 659 0.00637  (.0014) 169% 414
3. Logit demand 0.01009  (.00124) 267% 656 0.00633  (.00139) 167% 411
4. Linear demand, wtp=max(linear fitted value,0) 0.01239  (.0021) 328% 805 0.00862  (.00229) 228% 560
5. Linear-log demand, constrained to go through (q=0, p=0.01) 0.00981  (.0003) 260% 638 0.00605  (.00045) 160% 393
6. Log-log demand, constrained to go through (q=0, p=0.01) 0.00827 (.00027) 219% 538 0.00450  (.00046) 119% 293
Robustness to Identifying Variation
7. No Controls 0.01019  (.00123) 270% 662 0.00643  (.0015) 170% 418
8. Demographics included 0.01055 (.00119) 280% 686 0.00678  (.00135) 180% 441
9. Individual fixed-effects 0.01115 (.00127) 295% 725 0.00738 (.00138) 196% 480
10. Propensity Score Reweighted 0.01094 (.00162) 290% 711 0.00717  (.00176) 190% 466
Robustness to Accounting for Tax Treatment
11. Baseline specification but incorporating tax treatment of premiums  0.01053  (.0013) 430% 684 0.00676  (.00144) 276% 439
and benefits
Robustness to Alternative Moral Hazard Assumptions
12. Moral Hazard as in Gruber (2000) 0.01053  (.00135) 388% 684 0.00782  (.00138) 288% 508
13. Moral Hazard as in Autor, Duggan, Gruber (2012) 0.01053  (.00135) 363% 684 0.00764  (.00139) 263% 497

Panel B: Parameter Estimates from Alternative Specifications

Demand Mean Cost
Relative Premium Constant
Coeff Std Err Coeff Std Err Mean Std Err
(1) (2) (3) (4) (5) (6)
1. Baseline -71.26 (11.77) 0.72 (.0262) 0.00111 (.00014)
Robustness to Alternative Demand
2. Probit demand -187.70 (37.67) 0.567 (.0563) 0.00111 (.00014)
3. Logit demand -303.70 (61.07) 0.913 (.0913) 0.00111 (.00014)
4. Linear demand, wtp=max(fitted linear value,0) 0.00111 (.00014)
5. Linear-log demand, constrained to go through (q=0, p=0.01) -0.30 (.001) -1.347 (.0054) 0.00111 (.00014)
6. Log-log demand, constrained to go through (q=0, p=0.01) -0.21 (.001) -0.934 (.0037) 0.00111 (.00014)
Robustness to Identifying Variation
7. No Controls -75.30 (14.68) 0.726 (.0288) 0.00111 (.00014)
8. Demographics included -72.63 (14.) 0.342 (.0239) 0.00111 (.00014)
9. Individual fixed-effects -64.93 (12.21) 0.696 (.0152) 0.00111 (.00014)
10. Propensity Score Reweighted -65.22 (14.28) 0.709 (.0213) 0.00111 (.00014)
Robustness to Accounting for Tax Treatment
11. Baseline specification but incorporating tax treatment of premiums -109.60 (21.82) 0.719 (.0211) 0.00072 (.0001)
and benefits
Robustness to Alternative Moral Hazard Assumptions
12. Moral Hazard as in Gruber (2000) -71.26 (11.77) 0.72 (.0262) 0.00174 (.00026)
13. Moral Hazard as in Autor, Duggan, Gruber (2012) -71.26 (11.77) 0.72 (.0262) 0.00163 (.00024)

Notes: This table illustrates that the main results are similar when using alternative functional forms for demand, using alternative controls isolating
slightly different variation, accounting for the tax treatment of premiums and benefits, and employing alternative moral hazard assumptions. Panel
A displays the implied lower bound on the value of public coverage based on the alternative specifications (analogous to that reported in TableEl
Panel B row (3)); Panel B displays the underlying demand and mean cost estimates associated with the incremental Plan H coverage (relative to Plan
M coverage). As discussed in Section@d the mean cost reported here is the mean present discounted value of disability claim costs relative to annual
earnings. Panel A reports bootstrapped standard errors using 100 bootstrap samples. Each row represents the results of a distinct specification. For
reference, row (1) displays the baseline estimates (from Tablecolumn 1) and implied welfare bounds (from Table|6|Panel B row 3). Rows (2) through
(6) display the estimates and implied welfare bounds using alternative specifications of the demand curve. Row (5) reports the results for a linear-log
specification where the dependent variable is Plan H;; and the main independent variable is In(pf — p); the log-log specification in Row (6)
reports results for a specification with the dependent variable in(PlanH;; +1) and the main independent variable in (pff —p2/ ). Rows (7) through
(10) display the estimates and implied welfare bounds concentrating on slightly different aspects of the identifying variation by including alternative
sets of controls. Row (11) displays the estimates and implied welfare bounds accounting for the tax treatment of LTD premiums, LTD benefits, and
SSDI benefits. In this specification, we make these adjustments assuming a constant marginal tax rate in this population of 35% (roughly the average
marginal tax rate based on the observables we have in the data). Lastly, rows (12) and (13) display the implied welfare bounds when employing
alternative moral hazard assumptions based on estimates in prior studies on disability insurance. See Appendix Section[C]for more details on the
welfare analysis incorporating moral hazard.
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Appendix

APPENDIX

A Proposition 2: proof

Proposition 2. Suppose an individual’s utility can be represented by the increasing, univariate function u(c),
so that 7(6,~) is defined as:

FEu(w+ (1—-0)z —7(6,7)) = Fu(w + (1 —y)x), (26)

where the expectation is taken over 2 < 0, representing the uncertain losses the individual faces. Addi-
tionally, suppose the individual is risk averse and his/her utility exhibits (weakly) decreasing absolute risk
aversion. Then,

0 ,m(0, A C
ae(H)so/anday(”( )y <o, @7)

and thus we obtain the results of Proposition 1.
Proof. Let z = w —&-[s(j_ll — Yz — (0 — vz —n0,7) and y = w(0,7) + (0 — v)z. Define a function F(0) =

Eu(z + 0y) — Eu(z)'|Obviously, F'(0) = 0. By definition of = (¢, v), we know that F'(1) = 0.
We want to show that

9 ((6,7)
(5 <0 )
Note that this is equivalent to,
(6, 7) 0 —Ezu'(w+ (1 —7)z)
< _= = . 2
8= = 5" ") T Bt (1= 8)z—8,7)) @9)
Let us re-write this as follows:
7(6,7)Bu (w + (1 = 0)z — 7(6,)) + (6 — 7) Bad (w + (1 — 7)) < 0. (30)

Because the individual’s utility exhibits decreasing absolute risk aversion, we know by Lemma 1 below
that: Eu/'(w + (1 —v)z) > Eu/(w+ (1 — 8)x — 7(6,7)). So, the LHS of the above is bounded above
m(0,y)Ev' (w+ (1 —=0)z —n(6,7)) + (0 —7) B/ (w+(1-v)z) < E {(7(97 Y+ O —y)z)u (w+(1-v)z)|. B1)
Re-writing the RHS term using the above definitions,
E|(n(0,7) + (0 = 7)x)u'(w+ (1 - v)x)} = Elyd/(z +y)] = F'(1). (32)
Under risk aversion, F is concave. Because F(0) = F(1) = 0, we know that F’(1) < 0. O

Lemma 1. If u(c) exhibits decreasing absolute risk aversion, then Eu'(w+(1—v)z) > Ev' (w+(1—0)x—7(0,7))

Proof. Decreasing absolute risk aversion means,

0, —u"(c)
a(T@ ) <0. (33)
This is equivalent to,
_u/u/// + (u//)Q
T <0. (34)

51The technique used for this part of the proof draws upon a similar technique used in|Eeckhoudt and Gollier|(2001).
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Multiplying both sides by % (< 0) and rearranging terms we get:

¢
u

—u —u
e > o (35)
Notice that v = —u’ is a valid utility function as it is increasing in c. Since we know this holds for all c,

—u’ is more risk averse than u, and thus we can represent —u’ as an increasing concave transformation of u:
—u' = ¢(u).

The result then follows from showing that the distribution of u(w + (1 — §)x — w(6,~)) second order
stochastically dominates the distribution of u(w+(1—+)x) (and thus every concave utility function, including
¢, prefers it). Consider two distributions, F'4(z) and F(z) with the same mean. Suppose these distributions
are defined over a finite domain [z,Z], where F4(z) = Fg(z) = 0 and F4(Z) = Fg(Z) = 1. Showing F4(z)
second order stochastically dominates Fp(2) is equivalent to showing:

[1Fa) - otz <0, e (23 (36)

Applying this to our context, we want to show:

u(z) —w

1—7

) = Fa( )dz<0,  Vye{zz} (37)

1-6

It is easy to show that the cumulative density functions cross exactly once at the point z* = u(w +

utz) —w+7(0,7) u(z) —w

() Ifgﬂ(e”’)) Fm(ul(z_)ww) >0 Ve {s7) (38)

Thus, we know that f:[Fm(%) — Fz(q#)]dz < 0, Vy € {z,2*}. In addition, it

is straightforward to show that the fact that the distributions have the same means (Eu(w + (1 — v)z) =
Eu(w + (1 — 0)z — m(6,7))) implies that [ [FJ(%W) - FL(M)]CZZ = 0. Thus, it must be the

z 1=y
case that [’ [FI(“il(Z)If’;”w”)) - Fz(uill(fzy_w)}dz <0, Yy € {z,Z}.

O

B Accounting for Supplemental Insurance: Obtaining a Tighter Lower
Bound on the Value of Public Coverage

As discussed in Section [3} if private supplemental insurance only exists because of the existence of public
disability coverage, then the lower bound on the value of public coverage described in the text in Equation
can be adjusted to account for this. Note that this adjustment will provide a tighter lower bound than the
bound described in Equation 23| so long as the private supplemental market generates positive surplus (as
is the empirically relevant case in this context). To illustrate this, we next turn to calculating a lower bound
on the value of public disability insurance in the empirical context accounting for the private disability plans
employees have available at this firm.

To calculate this lower bound, we need to extrapolate from our estimates to measure the value individuals
obtain from having the option to purchase any of the disability plans available from the employer, including
those plans for which we do not have sufficient variation to trace out the associated demand and cost curves
(specifically, Plan M and Plan L). While the variation in the empirical context can inform us of the shape of
the demand and cost curves in the market for an incremental 10% replacement rate on top of a baseline level
of 60% wage replacement, these estimates do not tell us about the precise shape of the demand curve or the
degree of selection within a counterfactual market for alternative linear disability insurance products that
complement the baseline disability coverage. Thus, to investigate welfare under counterfactual scenarios
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involving alternative insurance contracts, we make the following additional assumption:

Assumption 2. The implied ranking of individuals” willingness-to-pay for the observed disability cover-
age reflects the ranking of individuals’ counterfactual willingness-to-pay for any linear disability insurance
coverage.

Assumption 2 above states that the ranking of individuals’ revealed willingness-to-pay for the observed
incremental disability coverage reflects the ranking of individuals” willingness-to-pay for counterfactual dis-
ability insurance products for which there is no variation to identify the associated demand and cost curves.
While this assumption allows us to extrapolate from our estimates to define a bound on the welfare pro-
vided by public disability insurance in settings involving counterfactual complementary private insurance
products, it is important to note that Assumption 2 is potentially quite restrictive. The welfare measures
discussed in the text place no across-individual restrictions on utilityE] ; in contrast, Assumption 2 implic-
itly places across-individual restrictions by restricting heterogeneity in the relative curvature of individuals’
underlying utility functions.

Under Assumptions 1 and 2, we can calculate a tighter lower bound on the value of compulsory pub-
lic coverage among individuals in the sample population in the scenario that the observed supplemental
insurance plans would not exist in the absence of public disability insurance:

MeanWT P_Public(@, Observed Supp Policies) >

RR;
Z 5 1j E[(W(O.?,O.6|g0)]l(7r(0.7,0.6\g0) < Wsj)] - E[ijlanj(cp,P)]
je{L,M,H}
Wel fare_Public(&, Observed Supp Policies) >

> ];I?E[(N(O.Z0.6|gp)]1(7r(0.7,0.6\<p) <m,,)] — E[c(RR;,0|p)) Planj(p, P)],
je{L,M,H}

where RR; is the replacement rate of Plan j and p; is the premium for Plan j. In practice, we calculate
the bounds above fixing the observed LTD plan enrollment and assuming average cost pricingF_g] Table
column (2) displays the results, indicating that the lower bound on the welfare generated by public coverage
in this employee population increases by 41% relative to the baseline estimates (from Table [| Panel B row 3
and displayed in Table|A2|column (1) for reference), from 0.7% of annual earnings to 1% of annual earnings,
when we account for the additional surplus generated by the opportunity to buy supplemental disability
insurance at this firm.

C Moral Hazard and Selection: Estimates and Robustness
C.1 Moral Hazard

Evidence from Empirical Setting As discussed in Section 3] the data and environment has both strengths
and weaknesses in terms of capturing the costs associated with disability. A strength of the empirical envi-
ronment is that there is individual-level administrative cost data, so that at least in principle, one could use
the very same price variation used to estimate the demand curves to estimate moral hazard and selection (a la
Einav and Finkelstein (2011)). However, a practical limitation is that it is difficult to obtain precise estimates
of selection and moral hazard within the context of disability insurance, as realized costs are noisy proxies
for expected costs given the low incidence of disability. In the face of these strengths and weaknesses, we
take the following approach. First, we leverage the price variation in an instrumental variables framework
and demonstrate that there is evidence consistent with no moral hazard in this setting. Second, we proceed

52The welfare bound described in Corollary 1 requires no across-individual restrictions. Thus, one could, in principle, estimate this
bound non-parametrically making no across-individual restrictions if there is sufficient variation. However, the available variation in
premiums (and thus insurance enrollment) in reality is often limited. Because we have a limited range of premium variation in the
empirical setting, we proceed by making parametric assumptions on the demand for supplemental coverage to estimate the welfare
bound.

53 Although Plan L coverage is free to employees, it could be that employees are effectively paying for this coverage through wage
reductions due to compensating differentials. Implicitly, the calculation of the mean willingness-to-pay bound in this counterfactual
assumes that fixing the observed enrollment in LTD plans, beneficiaries are effectively paying the average cost for this coverage either
through premiums or wage reductions.
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with the welfare analysis under the assumption that the incremental disability coverage induces no moral
hazard. We then demonstrate that the welfare analysis is qualitatively unchanged when employing alterna-
tive assumptions about moral hazard based on estimates from prior studies on disability insurance in other
contexts.

Let c;; represent the present discounted value of the realized costs relative to annual earnings associated
with providing individual ¢ in year ¢ an incremental 10% replacement rate paid in the event of disabilityFE]
We investigate the possibility of moral hazard by estimating the following reduced form equation:

cit = Po+ B (Pg - pfvtj) + 52]9% + AXi + €, (39)

where (pf —p}!) and p} are the relative prices of Plan H and Plan M, respectively. The demand results reveal
that the demand for Plan H coverage and Plan M coverage are both responsive to the respective relative
prices. Thus, the test for moral hazard is then a test on whether lower relative prices (and thus more people
on more generous coverage) lead to higher claims. In addition to estimating the reduced form specification
described above, we also estimate the analogous IV specification where we estimate the relationship between
costs and the share of people with Plan H and Plan M coverage, instrumenting these shares with the variation
in relative prices.

Table Panel A displays these estimates. Across all the specifications, the estimates are statistically
indistinguishable from zero, consistent with the incremental disability coverage inducing no moral hazard
in this setting. Note that while the estimates are consistent with no moral hazard associated with the incre-
mental coverage, the estimates are not very precise. This lack of precision is not surprising, given the low
incidence of disability claims and the range of variation exploited in this IV strategy. However, based on the
estimates in Table we proceed with the baseline welfare analysis maintaining the assumption that the
incremental disability coverage induces no moral hazardE]

Robustness to Incorporation of Moral Hazard We then investigate the robustness of our welfare analysis
to incorporating moral hazard, using estimates obtained in different contexts by prior studies. While many of
the prior studies on disability insurance investigate behavioral responses to other margins (such as stringency
of the evaluation criteria, wages in the labor force, etc.), there have been few studies investigating the margin
of interest in this setting: the response of disability claiming to benefit generosity. There are, however, two
prior studies which investigate behavioral responses to disability insurance benefit generosity: |(Gruber| (2000)
estimates the impact of an increase in the replacement rate for disability insurance on labor force participation
in Canada (leveraging differential variation in disability insurance replacement rates across provinces), and
Autor, Duggan and Gruber| (2012) use claims data from an LTD insurer to investigate the impact of more
generous LTD coverage on LTD claiming rates. Note that neither one of these studies investigates a setting
that is directly comparable to the empirical context, and neither of these studies investigates the impact of
benefit generosity on the expected relative cost of disability claims (the measure we used as described in the
text)F_E] Although neither one of these papers estimates completely comparable elasticities, we re-calculate
the welfare counterfactuals adjusting for moral hazard based on these prior elasticities in terms of labor force
participation and LTD claim rates, assuming that the same semi-elasticity applies to the expected cost of
disability claims (the cost measure we use, as described in the text). In this calculation, we assume that this
semi-elasticity is constant across individuals and constant across disability benefit levels.

Table |A3| displays the results. For reference, the table displays the baseline welfare analysis, under the

54Recall that we use an interest rate of 4% in the baseline estimation.

55Note that if we had found evidence of moral hazard, it would have been straightforward to incorporate this into the welfare analysis,
as discussed in Section

S6These prior studies focus on different settings than the present context. Gruber| (2000) studies the impact of public disability insur-
ance generosity in Canada. |Autor, Duggan and Gruber|(2012) study the impact of disability insurance using data from LTD plans that
look very different than those we study here. As discussed in Section?} the LTD plans at the firm we study have a six month elimination
period before individuals are eligible for benefits. More than two-thirds of the plans in the|/Autor, Duggan and Gruber|(2012) study have
a shorter elimination period, with the median plan having a elimination period of 90 days. Given that the Autor, Duggan and Gruber
(2012) study finds that the length of the elimination period is an important determinant of claiming behavior, this difference across the
settings could meaningfully impact the behavioral response to benefit generosity. In addition to the differences in the setting, these prior
studies also estimate different elasticities than the elasticity of interest in the present setting. (Gruber|(2000) estimates the effect of benefit
generosity on labor force participation and |Autor, Duggan and Gruber|(2012) estimate the effect of benefit generosity on the probability
of claiming LTD (which is not directly analogous to the cost measure used here). Despite these differences, we use these prior estimates
as a basis for alternative specifications of moral hazard in our setting to evaluate the robustness of the welfare analysis. See Table[A3]for
further details.
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assumption that the incremental disability coverage does not induce moral hazard. In addition, the table re-
ports alternative specifications where costs are adjusted using the elasticities from prior studies as discussed
above. As expected, the impact of assuming that the costs we observe are subject to moral hazard depends
on the counterfactual considered: Counterfactuals with more insurance than in the status quo are associ-
ated with lower welfare than the baseline estimates suggest, and counterfactuals with less insurance than
the status quo are associated with greater welfare than the baseline estimates suggestE] There are several
important things to note about the robustness of the results across these specifications. First, while the wel-
fare associated with an incremental increase in the replacement rate from 60% to 70% is lower when moral
hazard is incorporated, we still find that there is substantial welfare gains associated with this incremental
coverage. That is, the benefits outweigh the costs for this incremental coverage, even after factoring in the
potential moral hazard induced by this incremental coverage. Second, we get a meaningful lower bound on
the value of the inframarginal coverage across all of the specifications, and this lower bound is qualitatively
and quantitatively similar regardless of which assumption on moral hazard we adopt.

C.2 Selection

As discussed in Section |3 we measure welfare under two hypothetical scenarios with regard to the avail-
ability of supplemental insurance: (i) supplemental insurance is not available and (ii) supplemental coverage
providing an additional 10% wage replacement is sold in a competitive market. As is clear from the frame-
work discussed in Section |3} measuring welfare under the counterfactual scenario in which supplemental
insurance is not available simply requires estimating the average cost of all individuals in the population
(the mean value of ¢;; under the assumption of no moral hazard). In other words, our primary estimates of
the welfare generated by the marginal and inframarginal coverage are independent of the degree of selection
in the supplemental insurance market. However, to calculate additional welfare measures under a counter-
factual scenario of a competitive supplemental insurance market, we need estimates of the average cost of
those who do and those who do not buy insurance in a competitive supplemental insurance market (and
thus will depend on the degree of selection in the supplemental market).

Table 5| Panel B in the text displays the mean incremental cost (the mean value of ¢;;) for everyone in the
estimation sample and separately for those who do and do not purchase the incremental coverage. Note that
the mean relative price for incremental coverage for each plan is very close to the average cost of those indi-
viduals willing to pay for the incremental coverage. In other words, the predicted competitive equilibrium in
the market for the incremental coverage would be close to the observed pair of average prices and quantities
regardless of the shape of the average and marginal cost curves far outside of the variation in the data. Thus,
we take the observed mean (relative) costs of the insured and quantity of individuals insured as an approxi-
mation of the competitive equilibrium for the incremental coverage, which allows to use mean cost estimates
for those with and without supplemental insurance in the data (reported in Table [5| Panel B) to compute the
welfare measures discussed in the text. Note that a major advantage of relying on this approximation is that
the cost estimates that enter the welfare analysis, in this case, are precisely estimated (see Table Panel B).

While we use this approach for the baseline welfare analysis, we also explore alternative methods to
predict counterfactual mean costs in a competitive market and demonstrate that these yield similar welfare
estimates as our baseline strategy. For instance, one way to measure selection in this setting is to use the
price variation used to estimate demand to trace out the marginal and average cost curves of the insurer,
using the [Einav and Finkelstein| (2011) approach. Alternatively, another way one could measure selection
in this setting would be to assume there is no moral hazard and thus bring in another moment on the cost
curve, the average costs of insuring everyone under Plan H (the mean value of ¢;; for the population if there
is no moral hazard). Comparing these approaches, the former approach leverages variation in costs among
those marginal to the price variation in the data, while the latter approach provides a measure of global
selection in this population. Figure [Al|plots the average and marginal costs curves obtained from each of
these approaches. (Table Panel B column (1) reports the underlying point estimates for the approach
leveraging the marginal price variation.) There are at least two things to note in this figure. First, we obtain
very similar cost curves representing selection regardless of which method we use to measure selection in this
setting. Second, regardless of the shape of the average and marginal cost curves far outside of the variation
in the data, the observed average price and quantity across the sample period are close to the predicted

57The intuition for this is simple. If there is moral hazard, it will look less attractive to extend the generosity of coverage and more
attractive to roll back the generosity of coverage, relative to a setting without moral hazard.
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competitive equilibrium using either set of cost curves. Thus, our baseline approach to measuring welfare
in counterfactuals that involve a competitive supplemental insurance market is to take the observed average
(relative) costs of the insured and quantity as an approximation of the competitive equilibrium price for the
incremental coverage, which allows us to use mean cost estimates for those with and without supplemental
insurance in the data (reported in Table [5|Panel B in the text) to compute the welfare measures discussed in
Section[3

D Additional Robustness Analysis

In addition to the robustness analysis presented in the text, we examine the robustness of the results to ad-
ditional alternative specifications. Table [A4]displays the results of this additional analysis. Panel A displays
the implied lower bound on the value of public coverage based on the alternative specifications, and Panel
B displays the underlying regression estimates for the alternative specifications. Each row represents the
results of a distinct specification. For reference, row (1) displays the baseline estimates and implied wel-
fare bounds (based on Table 5| Panel A column (1)). Rows (2) through (4) display the estimates and implied
welfare bounds using alternative specifications of the cost measures. The baseline analysis uses the present
discounted value of costs using an interest rate of 4%, where we use the maximum potential duration for
spells censored at five years (as described in the text, Section[2). Row (2) displays an alternative specification
where costs are measured only through the first five years following the year of disability onset (the years for
which we have complete claims data). This specification yields a less conservative bound than the baseline
analysis. Rows (3) and (4) display specifications where costs are defined as the present discounted value of
the maximum potential duration for truncated spells, using alternative interest rates to calculate the present
discounted value. Comparing these specifications to the baseline estimates, we see that the analysis is not
very sensitive to the chosen discount rate within a range of reasonable interest rates.

The baseline welfare analysis utilizes the demand for Plan H, estimated based on the variation described
in Table 2| Leveraging the modest amount of variation in Plan M premiums, we can repeat the welfare
analysis using the implied Plan M demand curve. Table row (5) displays an alternative specification
that relies on the Plan M demand estimates. As discussed in the text, the implied mean valuation of Plan M
exceeds that of Plan H, so this alternative specification provides a less conservative lower bound on the value
of disability coverage. However, as discussed in the paper, the relatively small amount of variation in Plan
M premiums limits the statistical precision of welfare analysis based on the Plan M estimates as compared to
the baseline welfare analysis which leverages the Plan H estimates.
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Figure A1: Selection: Alternative Estimation Approaches
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Notes: This table displays linear cost curves associated with Plan H coverage, where the curves are inferred using two different
methods. The first method for estimating the average and marginal cost curves follows Einav and Finkelstein|(2011) and uses variation
in prices and the induced variation in the fraction of the population with Plan H coverage to trace out how the average expected cost
of those on Plan H varies. The second method for inferring the average and marginal cost curves is to leverage the assumption of no
moral hazard to interpolate between the average cost if the whole population were insured and the average cost of the actual insured
population. These approaches are represented in the figure by the gray and blue lines, respectively. The gray circles represent the
mean costs by year for those with Plan H coverage; the black triangles represent the mean costs of those with Plan H and everyone
in the population, pooling data across the entire sample period. The blue diamonds represent the observed pairs of Plan H premium
and enrollment by year (the variation used to estimate demand).
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Table A1l: Moral Hazard and Selection

Panel A: Moral Hazard

Plan H

PlanMorH

Relative Premium Plan H

Premium Plan M

Constant

Time Trend Included

Dep Var
Mean
SD

N

Realized Costs of All Employees (2SLS)

Realized Costs of All Employees (Reduced Form)

Costs Costs I(LTD Claim) I(LTD Claim) Costs Costs I(LTD Claim)  I(LTD Claim)
(1) () (3) (4) (5) (6) @) (8)
-0.00708 0.00236 -0.0339 -0.04
(.01) (.02) (.02) (.04)
-0.0155 -0.053 -0.0599 -0.05
(.02) (.08) (.04) (.16)
0.157 0.0292 1.102 2.57
(.58) (1.22) (.97) (1.94)
3.41 4.079 13.11 5.44
(3.57) (5.15) (6.78) (10.15)
0.018 0.0427 0.0724 0.0675 -0.00435 -0.00516 -0.0184 0.000509
(.0197) (.0582) (.0397) (.112) (.00567) (.00677) (.0106) (.00058)
X X X X
0.0011 0.0011 0.0032 0.0032 0.0011 0.0011 0.0032 0.0032
0.0302 0.0302 0.0561 0.0561 0.0302 0.0302 0.0561 0.0561
47,884 47,884 47,884 47,884 47,884 47,884 47,884 47,884

Panel B: Selection

Realized Cost of Employees on Plan H

Realized Cost of Employees on Plan M or Plan H

Costs Costs I(LTD Claim) I(LTD Claim) Costs Costs I(LTD Claim)  I(LTD Claim)
(1) (2) (3) (4) (5) (6) @) (8)
Relative Premium Plan H 0.0175 0.609 111 3.738
(.84) (1.49) (1.58) (2.37)
Premium Plan M 4.529 4.154 13.49 15.02
(4.33) (5.4) (8.08) (9.98)
Constant 0.00152 0.000552 0.00269 -0.00163 -0.00566 -0.0051 -0.0171 -0.0194
(.00105) (.00223) (.00197) (.00344) (.00662) (.00811) (.0123) (.0149)
Time Trend Included X X X X
Dep Var
Mean 0.0015 0.0015 0.0041 0.0041 0.0013 0.0013 0.0037 0.0037
SD 0.0358 0.0358 0.0636 0.0636 0.0329 0.0329 0.0606 0.0606
N 30,306 30,306 30,306 30,306 38,227 38,227 38,227 38,227

Notes: This table displays the moral hazard and selection estimates which leverage the premium variation for LTD plans. Panel
A displays the results related to moral hazard, where columns (1) through (4) display the IV results and columns (5) through (8)
display the reduced form results. Panel B displays the selection estimates, where columns (1) through (4) focus on selection into Plan
H. In addition, columns (5) through (8) focus on selection into at least Plan M coverage (relative to Plan L) leveraging the modest
amount of variation Plan M premiums. The outcome variables considered in these regressions are two different cost measures: the
present discounted value of costs (relative to annual earnings) incurred using the maximum potential duration for truncated spells as
described in the text (“Costs”, the baseline cost measure used in the text), and an indicator for having any LTD claim (“I(LTD Claim)”).
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Table A2: Additional Inframarginal Welfare Counterfactual

Additional Inframarginal Welfare Counterfactuals

Compulsory disability insurance with mean
public insurance rep rate (34%) (and no

Compulsory disability insurance with mean

public rep rate (34%) relative to no disability

supplemental insurance) relative to no insurance (observed supp policies priced at
disability insurance average cost)

(1) (2)

Lower Bound Est Lower Bound Std Err Lower Bound Est Lower Bound Std Err

Bound on Mean WTP

per dollar of annual earnings 0.01053 (0.00130) 0.01336 (0.00193)
scaled by 65k $684 (84.5) $868 (125.5)
% of compulsory insurer cost 279% 354%

Bound on Per-Capita Welfare
per dollar of annual earnings 0.00677 (0.00144) 0.00959 (0.00214)
scaled by 65k $440 (93.6) $623 (139.1)
% of compulsory insurer cost 179% 254%

Additional Assumptions
Assumption 1 X X
Assumption 2 X

Mean Costs - per dollar of annual earnings

Compulsory Insurer Cost 0.00377 (.00047) 0.00377 (.00047)

Notes: This table considers an additional inframarginal welfare counterfactual, beyond those presented in the main text (in Table @
This analysis draws upon the linear demand estimates in Table 5] column (1). Column (1) repeats the baseline estimates from Table
[f| Panel b row (3) representing the lower bound on welfare provided by compulsory public insurance of generosity 34% relative to a
setting where no one has access to disability insurance, without accounting for any extra surplus delivered by supplemental insurance.
Column (2) presents a lower bound on the welfare provided by compulsory public insurance (of generosity 34%) relative to a setting
where no one has access to disability insurance, accounting for the additional surplus generated by the optional observed LTD policies
available to employees at the firm. As discussed in Section [§} the mean cost reported here is the mean present discounted value of
disability claim costs relative to annual earnings. This table reports bootstrapped standard errors using 100 bootstrap samples.
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Table A3: Additional Robustness Analysis: Incorporating Moral Hazard

Panel A: Marginal Welfare Counterfactuals, Baseline and Alternative Specifications
Extension of compulsory baseline 60% rep rate coverage to include incremental 10% rep rate coverage

Relative to no incremental coverage Relative to competitive private market for incremental
coverage
(1) )]
Est Std Err Est Std Err
Mean WTP
per dollar of annual earnings 0.00310 (.00038) 0.00048 (.00037)
scaled by 65k $202 (25) $31 (24)
% of compulsory insurer cost 279% 43%
Per-Capita Welfare
Baseline Spec - no moral hazard
per dollar of annual earnings 0.00199 (.00043) -0.00063 (.00028)
scaled by 65k $129 (28) -$41 (18)
% of compulsory insurer cost 179% -57%
Alt Spec - moral hazard as in Gruber (2000)
per dollar of annual earnings 0.00136 (.00048) -0.00073 (.00028)
scaled by 65k $88 (31) -$47 (18)
% of compulsory insurer cost 78% -60%
Alt Spec - moral hazard as in Autor, Duggan,
Gruber (2012)
per dollar of annual earnings 0.00148 (.00047) -0.00071 (.00028)
scaled by 65k $96 (31) -$46 (18)
% of compulsory insurer cost 91% -60%
Mean compulsory insurer cost - per dollar of annual
earnings
Baseline Spec - no moral hazard 0.00111 (.00014) 0.00111 (.00014)
Alt Spec - moral hazard as in Gruber (2000) 0.00174 (.00026) 0.00121 (.00018)
Alt Spec - moral hazard as in Autor, Duggan, 0.00162 (.00024) 0.00119 (.00018)
Gruber (2012)
Panel B: Inframarginal Welfare Counter | line and Alternative Specifications
Compulsory baseline 60% rep rate coverage relative to no disability insurance Compulsory disability insurance with
No supplemental coverage available to Competitive private market for mean public rep rate (34%) relative to no
top-up compulsory coverage supplemental coverage providing disability insurance (no supplemental
additional 10% rep rate insurance available)
€ @ 3)
Est Std Err Est Std Err Est Std Err
Lower Bound on Mean WTP
per dollar of annual earnings 0.0186 (.00231) 0.02122 (.00294) 0.01053 (.0013)
scaled by 65k $1,209 (150) $1,379 (191) $684 (85)
% of compulsory insurer cost 279% 319% 279%
Lower Bound on Per-Capita Welfare
Baseline Spec - no moral hazard
per dollar of annual earnings 0.01195 (.00259) 0.01457 (.00326) 0.00677 (.00144)
scaled by 65k $777 (168) $947 (212) $440 (94)
% of compulsory insurer cost 179% 219% 179%
Alt Spec - moral hazard as in Gruber (2000)
per dollar of annual earnings 0.01246 (.00256) 0.01356 (.00333) 0.00782 (.00138)
scaled by 65k $810 (166) $881 (216) $508 (90)
% of compulsory insurer cost 203% 203% 288%
Alt Spec- moral hazard as in Autor, Duggan, Gruber (2012)
per dollar of annual earnings 0.01236 (.00256) 0.01357 (.00333) 0.00764 (.00139)
scaled by 65k $803 (166) $882 (216) $497 (29)
% of compulsory insurer cost 198% 203% 263%
Mean compulsory insurer cost - per dollar of annual
earnings
Baseline Spec - no moral hazard 0.00666 (.00083) 0.00666 (.00083) 0.00377 (.00047)
Alt Spec - moral hazard as in Gruber (2000) 0.00615 (.00091) 0.00668 (.00100) 0.00272 (.00044)
Alt Spec - moral hazard as in Autor, Duggan, 0.00624 (.00093) 0.00667 (.00099) 0.00290 (.00046)
Gruber (2012)
Mean total resource cost (compulsory + supp insurer) -
per dollar of annual earnings
Baseline Spec - no moral hazard 0.00666 (.00096) 0.00761 (.00111) 0.00377 (.00054)
Alt Spec - moral hazard as in Gruber (2000) 0.00615 (.00091) 0.00766 (.00115) 0.00272 (.00044)
Alt Spec - moral hazard as in Autor, Duggan, 0.00624 (.00093) 0.00765 (.00115) 0.00289 (.00046)
Gruber (2012)

Notes: This table presents the welfare analysis incorporating moral hazard using estimates from two prior studies. For reference, the table
displays the baseline welfare analysis (linear specification from Table @, under the assumption that the observed costs are not subject to moral
hazard. When incorporating moral hazard, we take estimates from two prior studies: |Gruber]| (2000) estimates that a 10 percentage point
increase in the replacement rate would lead to a 10% decrease in labor force participation and |Autor, Duggan and Gruber| (2012) estimate that
a 10 percentage point increase in the replacement rate would lead to a 8% increase in the probability of claiming LTD. Although neither one of
these papers estimate completely comparable elasticities, we re-calculate the welfare counterfactuals adjusting for moral hazard, assuming that
the estimated semi-elasticities in these prior studies apply to the cost measure of interest here as well: the expected present discounted value of
disability claim costs relative to annual earnings. In using these prior estimates, we assume that this semi-elasticity is constant across individuals
and across all levels of disability insurance generosity. This table reports bootstrapped standard errors using 100 bootstrap samples.



Appendix

Table A4: Additional Robustness Analysis

Panel A: Lower Bound on Value of Public Coverage Based on Alternative Specifications

Lower Bound on Mean WTP Lower Bound on Per-Capita Welfare
relative to annual % of mean cost  scaled by 65k relative to annual % of mean cost  scaled by 65k
earnings earnings
(1) () (3) (4) (5) (6)
Est Std Err Est Std Err
1. Baseline 0.01053  (.0013) 279% 684 0.0068  (0.00144) 179% 440
Robustness to Alternative Cost Measures
2. Alternative Cost Measure, truncated at five years 0.01053  (.0013) 428% 684 0.0082 (0.00136) 332% 531
3. Alternative Cost Measure, discounted at 2% 0.01053  (.0013) 222% 684 0.0060 (0.00150) 127% 390
4. Alternative Cost Measure, discounted at 6% 0.01053  (.0013) 265% 684 0.0067 (0.00144) 170% 437
Robustness to Using Plan M Demand (instead of Plan H)
5. Plan M Demand (time trend included) 0.01636  (.02363) 416% 1,063 0.0126  (0.02375) 320% 818

Panel B: Parameter Estimates from Alternative Specifications

Demand Mean Cost
Relative Premium Constant
Coeff Std Err Coeff Std Err Mean Std Err
(1) ) @) (4) (5) (6)
1. Baseline -71.26 (11.77) 0.72 (.0262) 0.00111 (.00014)
Robustness to Alternative Cost Measures
2. Alternative Cost Measure, truncated at five years -71.26 (11.77) 0.72 (.0262) 0.00069 (.00007)
3. Alternative Cost Measure, discounted at 2% -71.26 (11.77) 0.72 (.0262) 0.00134 (.00018)
4. Alternative Cost Measure, discounted at 6% -71.26 (11.77) 0.72 (.0262) 0.00112 (.00014)
Robustness to Using Plan M Demand (instead of Plan H)
5. Plan M Demand (time trend included) -91.19 (38.3) 0.952 (.0595) 0.00111 (.00014)

Notes: This table displays additional robustness analysis (beyond that displayed in Table 4 Panel A displays the implied lower
bound on the value of public coverage based on the alternative specifications (analogous to that reported in Table [6| Panel B row 3);
Panel B displays the underlying demand and mean cost estimates associated with the incremental Plan H coverage (relative to Plan M
coverage). As discussed in Section[d} the mean cost reported here is the mean present discounted value of disability claim costs relative
to annual earnings. Panel A reports bootstrapped standard errors using 100 bootstrap samples. Each row represents the results of
a distinct specification. For reference, row (1) displays the baseline estimates (from Table E column 1) and implied welfare bounds
(from Table@Panel B row 3). Rows (2) through (4) display the estimates and implied welfare bounds using alternative specifications
of the cost measure. The baseline analysis uses the present discounted value of costs using a 4% interest rate in this discounting,
where we use the maximum potential duration for spells censored at five years (as described in the text, Section[2). Row (2) displays
an alternative specification where costs are measured only through the first five years (the years for which we have claims data);
rows (3) and (4) display specifications where costs are defined as the present discounted value of the maximum potential duration for
truncated spells, using alternative discount rates. Row (5) displays an alternative specification that relies on the less precise Plan M
demand estimates (rather than the baseline Plan H demand estimates) to value disability insurance. This table reports bootstrapped
standard errors using 100 bootstrap samples.




