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Abstract

This paper studies how to optimally design subsidies for disabled workers, accounting for
both the worker- and firm-side responses in the labor market. We first provide empirical evidence
that firms design job characteristics, such as the flexibility of work hours, to screen out disabled
workers. Then, we develop an equilibrium labor market model where firms post a screening
contract which consists of wage and job characteristics; and workers with different levels of
disability make labor supply decisions. We estimate the model using the Health and Retirement
Study data, and identify the key model parameters by exploiting the exogenous policy variation
on employment (hiring) subsidies for the disabled. Using the estimated model, we quantify
the policy impacts on workers’ labor supply and firms’ employment contract design. Then, we
characterize the optimal mix of the disability insurance and employment (hiring) subsidies for
the disabled and study their implications on equilibrium labor market outcomes for workers of
different health statuses.
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1 Introduction

Most advanced countries implement various social insurance programs to support individuals with
disabilities. The public disability insurance program is one of the largest government expenditure
programs in many countries and has been growing considerably in the last several decades.1 More-
over, these countries introduced employment protection policies for the disabled to increase their
work opportunities by mitigating firms’ incentives to screen out those workers. These policies, such
as the Americans with Disabilities Act (ADA) and the Work Opportunity Tax Credit (WOTC)
in the U.S., prohibit firms from discriminating workers based on disability and give tax credits to
firms hiring the disabled.

Because these policy interventions directly affect both workers and firms, understanding their
equilibrium labor market effects is essential to evaluate the efficacy of these social insurance pro-
grams. Although there has been a large literature investigating the impact of disability insurance
(DI) program on individual labor supply and welfare, only a handful of studies investigates the
response of firms to the employment protection policies and the efficiency of those policies. Ace-
moglu and Angrist (2001) argue that the introduction of the ADA substantially raised the cost of
hiring disabled workers, lowering the labor demand of these workers. However, to date, little is
known about how firms screen disabled workers. More importantly, analysis of how the govern-
ment should design subsidies for the disabled, through DI and employment (hiring) subsidies, when
firms’ incentives for recruiting disabled workers are endogenously adjusted is limited. Although
additional spending on DI may distort labor supply incentives by encouraging applications to claim
DI benefits, it may decrease the use of (inefficient) resources spent by employers to screen the
disabled.

In this paper, we study the firms’ incentives to screen workers with different disability sta-
tuses and the efficient subsidy design for the disabled in an equilibrium screening model of the
labor market. We first start our analysis by providing empirical evidence that firms’ design of job
characteristics is responsive to the profitability from recruiting the disabled. Then, we develop
an equilibrium screening model of the labor market for the disabled. We identify and estimate
the model by exploiting the policy variation of employment subsidies for the disabled. An impor-
tant advantage of our approach is that we can investigate the policy design for the disabled by
fully accounting for endogenous responses of firms. Thus, finally, we analyze both theoretically
and numerically the optimal combination of disability insurance and employment subsidies for the
disabled.

We hypothesize that firms use job characteristics, such as the flexibility of working hours, to
screen workers with different health (disability) statuses. Since the passage of the ADA, which man-
dates the provision of reasonable accommodations, it has become difficult for firms to explicitly
discriminate workers by choosing different levels of accommodations (e.g., not providing physical
equipment to support the disabled). However, the provision of flexible working hours can be ex-

1In 2016, the U.S. government paid $220 billion for insuring nearly nine million disabled through the public
disability insurance.
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empted from the ADA if it creates an undue hardship to firms or if workers cannot perform the
essential function of a job. This creates room for firms to screen workers by designing non-wage
benefits that are less appealing to disabled workers. To argue that these non-wage benefits are
used as screening tools, one must show that (i) workers with different disability statuses have het-
erogeneous preferences from these job characteristics; and (ii) firms’ choice of job characteristics
are responsive to profitability from recruiting these workers. Our data from the Health and Retire-
ment Study (HRS) suggest that workers with severe disabilities tend to select into jobs with more
flexible working hours, which are consistent with the heterogeneity of worker preferences.2 Then,
we show empirical evidence that firms might be screening these workers using job characteristics,
by exploiting WOTC Amendment as a policy variation shifting the firms profitability from hiring
disabled workers.

Then, we develop and estimate an equilibrium labor market model with heterogeneous workers
to investigate the implications of screening. The model builds on labor screening models such as
Akerlof (1976), Guerrieri, Shimer and Wright (2010), and Stantcheva (2014). In the model, there is
a continuum of workers with different disability statuses, who search for a job which consists of wage
and non-wage job characteristics. Their preferences on job characteristics differ by their disability
statuses. There is also a continuum of firms which decide to recruit workers. They choose wage and
non-wage characteristics to maximize their profits. We assume that these contracts cannot explicitly
depend on the worker’s disability status. As a result, firms may adjust their contracts to screen
workers with different degrees of disability in equilibrium. Following Guerrieri, Shimer and Wright
(2010), we use a frictional labor market model, which leads to the following two desirable features.
First, the model generates non-degenerate employment rates (the presence of non-employment),
whereas frictionless screening models feature full employment among all workers. This feature is
necessary because the policy instruments explicitly depend on employment statuses in our context.
Second, we can show the existence and the uniqueness of equilibrium, which may not be guaranteed
in frictionless screening models. Within this framework, we explicitly introduce the key features
of disability insurance and employment subsidies: the former affects the worker’s value of non-
employment and the latter affects the profitability of firms.

We estimate the model using the HRS data. In doing so, the key identification challenge is that
the degree of labor market screening is endogenously determined in equilibrium, affected by both
the labor supply and labor demand side parameters: the worker’s utility from job characteristics
and the firm’s resource cost of providing these benefits. To separately identify these parameters,
we exploit the policy variation through WOTC, which mainly affected the labor demand side
parameters.

With the estimated model, we examine the optimal design of subsidies for the disabled, by
jointly determining the level of the public insurance and employment subsidies.

2In a related context, Ameriks et al. (2017) also show empirically that work incentives of older workers depend
on whether the job offers flexible working hours.
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Related Literature First of all, this paper contributes to the literature in disability insurance
and labor market policies targeted for disabled workers. There has been a large literature that
focuses on measuring the labor supply effects of disability insurance, that started with Bound
(1989). Recent studies by Maestas, Mullen and Strand (2013) and French and Song (2014) have
shown that the disincentive effects of DI on labor supply are large and heterogeneous across age
groups and health conditions. There are a few studies investigating the labor market impacts
of labor-demand-side policy interventions, including the ADA effects on employment rate (e.g.,
Acemoglu and Angrist (2001)) that discuss possible distortions in labor demand incentives.3 The
main contribution of our paper is to study the firm’s screening incentives and their implication on
policy designs. Specifically, We show that accounting for labor demand side responses is crucial to
determine the optimal structure of subsidies design for the disabled.

Second, our paper is related to the literature analyzing screening problems in the labor market.
A pioneering work in this literature is Akerlof (1976), who shows that there are distortions in
employment contracts if firms cannot offer contracts contingent on worker types. More recently,
Guerrieri, Shimer and Wright (2010) develop a general screening framework with search frictions.
They show the existence of a separating equilibrium, in which worker of each type applies to a
different submarket. An important advantage of this framework is its ability to endogenize both
the extensive margin (whether a trade occur) and the intensive margin (the term of trade) effects
of screening. Importantly, this literature is largely theoretical. Our paper contributes to this
literature by applying this framework into the context of disability and empirically estimating the
model. Moreover, we consider the optimal policy design in this context.

Finally, our paper is related to the public finance literature investigating the optimal disability
insurance. Diamond and Sheshinski (1995) and Golosov and Tsyvinski (2006) analyze optimal
disability insurance. The main departure of our paper from these papers is that we consider labor
demand side incentives. Conceptually, our exercise is most closely related to Stantcheva (2014) who
studies the optimal income taxation in an Akerlof (1976) labor market screening model. One of the
important insights from her paper is that the optimal structure cannot be summarized by reduced-
form sufficient statistics, mainly because it depends on the endogenous responses of the market
equilibrium. Thus, in order to investigate the optimal policy design in our context, specifying and
credibly recovering the full structure of the model is a crucial step. And our paper is the first to
conduct such policy exercise.

In the next section, we first present the empirical analysis, which serves as suggestive evidence
that firms utilize non-wage benefits in order to screen workers. Consistent with the empirical
findings, we present a search frictional labor market model with screening in Section 3. The model
is then estimated to match the key observations in the U.S. economy, whose description is detailed
in Section 4. We use the estimated model to conduct quantitative policy analysis in Section 5, where
we first analyze the impacts of the policies, then find optimal policies. We conclude in Section 6.

3Moreover, there are several papers examining the effectiveness of providing accommodations on labor supply
(e.g., Hill, Maestas and Mullen (2014); Burkhauser, Butler and Kim (1995); and Burkhauser et al. (1999)).
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2 Preliminary Analysis on Labor Market Screening of Disabled
Workers

This section provides empirical evidence that firms may design jobs to offer a screening contract
for workers with different disability status. We first describe in detail the Work Opportunity Tax
Credit (WOTC) and its 2004 Amendments, which we utilize as an exogenous labor demand side
shock, to infer the firm’s response to the policy change. We then discuss the data we use and
describe the empirical specification and the results.

2.1 Work Opportunity Tax Credit and 2004 Amendments

The Work Opportunity Tax Credit (WOTC) Program provides tax credit to businesses when they
employ economically disadvantaged workers. This target group includes individuals with disabili-
ties who receive veterans or state-administered vocational rehabilitation services or Supplemental
Security Income (SSI) benefits. According to the report of the US Government Accountability
Office (GAO), about 1 out of 790 corporations and 1 out of 3,450 individuals with a business af-
filiation reported the work opportunity credit on their tax returns. The total tax credit claim was
$254 million.

Under the WOTC, employers can receive tax credit of up to $2,400 per eligible employee. One
of the WOTC studies conducted by GAO, included a survey of 225 employers participating in
the WOTC program in California and Texas in 1999 and in 1997 or 1998 and found that most of
the employers participating in the WOTC program reported changing their recruitment, hiring, or
training practices to secure the credit and to better prepare the credit-eligible new hires. These
changes may have helped employers to increase their pool of WOTC-eligible applicants and may
thereby have increased their chances of hiring these workers. About 50% of these employers also
reported training practices that may have increased the retention of WOTC-eligible hires, such as
providing mentors or work readiness training and lengthening training times.

Expansion of the Program Workers with disabilities were qualified for WOTC benefits, only
if they received vocational rehabilitation referrals or if they were SSI recipients. Due to the re-
strictions, individuals receiving Social Security Disability Insurance (SSDI) or privately funded
vocational rehabilitation were not eligible to participate in the program.

In the early 2000s, provisions to expand the eligibility of disabled workers were made into a bill,
which was signed into law in 2004. The act modified the definition of the WOTC’s vocational re-
habilitation referral-eligible group in light of the Ticket to Work and Work Incentives Improvement
Act of 1999. It effectively expanded the target group to include disabled individuals with indi-
vidualized work plans who are referred to employers not only by a state vocational rehabilitation
agency (as was the case under prior law), but also by “employment networks” that were created
by the Ticket to Work legislation.

We utilize the passage of the Amendment to study how the policy supporting employment of
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disabled workers affected their labor market outcomes as well as their employment contracts. In
the latter, we distinguish between the effects on wages and non-wage benefits, such as flexibility in
working hours and sick days. Moreover, we allow for a richer heterogeneity in the health statuses
to distinguish between workers at the margin of entering the labor force and those who are not. In
the next, we first describe our data, how we define different health groups, and provide descriptive
statistics, before going into detail of the empirical specification.

2.2 Data

Our primary data source is the Health and Retirement Study (HRS). HRS is a biennial panel
survey of individuals above the age of 50. It started in 1992, and provides detailed information on
individual and job characteristics.

For measures of health, it asks “Do you have any impairment of health problem that limits the
kind or amount of paid work you can do?” which we denote as a measure of work limitation (work
disability). Moreover, it also asks the respondents to provide their self-reported health statuses in a
1 (Excellent) to 5 (Poor) scale. Other objective health measures, including difficulties in activities
of daily life and specific diagnoses of disease (e.g., high blood pressure, diabetes, heart disease, etc)
are also included in the data.

Figure 1: Work Limitation by Age

Figure 1 plots the share of workers with work limitation by age. As is evident from the figure,
as workers age, they are more likely to have a work limitation. However, when we document the
self-reported health status among those with and without work disability, there is a non-degenerate
distribution of health statuses even among those who respond to have a work limitation as shown
in Table 1. Thus, for the purpose of our empirical analysis, we use work disability and self-
reported health status to categorize individuals into three health groups. We define workers to be
non-disabled, if (s)he does not have a work limitation, and reports to have Good, Very Good, or
Excellent health status. On the other hand, those with a work disability and have fair or poor
health are defined to be severely disabled. All others, either who have work limitation but are
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relatively healthy (Very Good or Excellent health), or who does not have a work limitation, but is
relatively unhealthy (Fair, Poor, or Good health), are defined to be moderately disabled workers.
According to our categorization, 15% of workers are severely disabled, 20%, moderately disabled,
and the rest (64%), non-disabled.

Table 1: Health and Work Limitation

Work Limitation
Total

No Yes

1 (Excellent) 6,338 266 6,604
2 (Very Good) 12,878 1,283 14,161

Subjective Health 3 (Good) 10,630 3,248 13,878
4 (Fair) 3,705 4,313 8,018
5 (Poor) 529 3,133 3,662

Total 34,080 12,242 46,323

The benefit of using the HRS is that it not only reports standard labor market outcomes, such
as employment, hours worked, and hourly wages, but also non-wage benefit (or job characteristics,
which we will use interchangeably in the rest of the paper) measures from their employment. These
measures include the availability of flexible working hours, whether part-time work is allowed,
and the number of sick days available. Moreover, if a respondent is disabled, (s)he is also asked
the types of accommodations that they receive from the government (which is enforced through
a mandate under the Americans with Disabilities Act). These accommodation measures include
special equipment, special transportation, helping learn new skills, changing jobs to something that
they could do. In this analysis, however, our focus is on a broader set of non-wage benefits, that
are applicable to not only disabled workers, but workers of all health statuses. Thus, we confine
our definition of non-wage benefits to the kinds of benefits that all employees are subject to.

In Table 2, we provide some descriptive statistics of demographics, health conditions, labor
market outcomes, and non-wage benefits by health statuses. While the average ages are similar
across health statuses, those with severe disabilities, are on average, less-educated and more likely
to be diagnosed with a disease. Their labor market performance, as measured by employment,
hours worked, and hourly wage, are worse than their healthier counterparts. However, those who
work despite their health conditions, receive more generous non-wage benefits as observed in the
last parts of Table 2.

2.3 Preliminary Evidence

In order to examine the role of firms’ screening incentives, it is important to detect their screening
tools. We provide suggestive evidence on the potential screening tool, by looking at how employment
contracts are adjusted when government provides tax credits for hiring disabled workers. For this
purpose, we consider the following difference-in-differences regression:
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Table 2: Descriptive Statistics

Health Status Severely disabled Moderately disabled Non-disabled
Demographics
Age 59.0 59.1 58.5
Female (%) 56.6 56.4 54.5
High school or less (%) 72.0 62.9 44.7

Health Conditions
Work disability (%) 100 53.1 0
Self-reported health 4.4 3.3 2.1
Cardiovascular disease (%) 74.3 62.1 42.4
Psychiatric conditions (%) 38.3 19.1 8.1

Labor Market Outcomes
Employment (%) 13.9 44.5 72.1
Hours per Week 34.5 38.6 40.2
Hourly wage ($) 14.4 16.9 23.4
Missed work due to health (%) 70.3 55.3 40.6
Number of days missed 31.3 16.8 9.5

Non-Wage Benefits
Flexible working hours (%) 39.7 32.7 32.7
Allow part-time (%) 70.5 65.3 57.3
Paid medical leaves (days) 14.7 10.5 10.5
Sick days available (days) 26.7 16.3 8.9

Note: Table is based on HRS 1996-2008 sample. The fraction of workers with work disability by health statuses are
by construction 100% for the severely-disabled, and 0% for non-disabled. Refer to the main text for the description
of the health status categories. For self-reported health, 1 refers to Excellent health, and 5 to Poor health.

yit = β1I{t≥2004} +
∑

h∈{mod, sev}
β2hIh +

∑
h∈{mod, sev}

β3hI{t≥2004}Ih + γXit + νZt + εit.

The dependent variables (yit) include non-wage benefits and labor market outcomes of individual i
in year t. The independent variables include Xit, which are individual-level control variables (e.g.,
gender, education, polynomial in age, firm size, occupation, and industry) and Zt, which include
macroeconomic controls (e.g., employment rates, GDP, and labor productivity).4

For non-wage benefits, we specifically consider flexibility of working hours, whether part-time
job arrangement is offered, paid medical leaves, and sick days, as these can potentially be used
as screening tools. As discussed in Section 2.2, people with adverse health conditions work in

4Annual output data are available at the Bureau of Economic Analysis (BEA) website. We use real GDP (all
industry total) in millions of chained 2005 dollars. Employment data are taken from Current Employment Statistics
program surveys of the Bureau of Labor Statistics (BLS). We define the measure of labor productivity as output per
worker.
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jobs with generous coverages (non-wage benefits), which may be consistent with the view that
disabled individuals prefer these job characteristics more than their non-disabled counterparts.
Moreover, importantly, these benefits are not necessarily mandated by the ADA. Specifically, firms
do not need to offer these benefits if they hinder disabled individuals from performing the essential
functions of the job or create issues for other workers. Thus, firms can potentially exploit this
preference heterogeneity in non-wage benefits, in designing employment contracts to screen out
disabled workers.

Table 3 summarizes our results on non-wage benefits and labor market outcomes. We find that
the lump-sum transfer (tax credits) provided by the government for hiring disabled workers led
to an increase in the provision of non-wage benefits, particularly the availability of flexible hours
and part-time work, for moderately disabled workers. The effect, however, is insignificant for the
severely disabled workers.

Table 3: Effects of the WOTC-Amendment on Non-Wage Benefits

Flexible hours Allow part-time Paid sick days Employment Hourly wage

Post-Amendment 0.107∗∗∗ 0.038 4.736∗ 0.095∗∗∗ 0.993
(β1) (0.032) (0.032) (2.857) (0.012) (1.416)

Health Status Severe 0.037 0.068 5.378 -0.547∗∗∗ -4.734∗

(β2h) (0.030) (0.052) (3.433) (0.013) (2.663)
Moderate -0.039 0.049 1.536 -0.267∗∗∗ -4.144∗∗∗

(0.16) (0.027) (1.907) (0.011) (1.477)

Health Status Severe 0.009 0.007 2.085 -0.016 -3.569
× Post-Amendment (0.046) (0.075) (4.621) (0.016) (3.325)
(β3h) Moderate 0.072∗∗∗ 0.082∗∗ -2.765 0.023∗ -0.969

(0.025) (0.037) (2.464) (0.014) (1.815)

Thus, we find that severely disabled workers’ contracts are not affected by the government
intervention (lump-sum transfers), whereas it benefited those of the moderately disabled workers.
As shown from our model, this evidence is consistent with the standard screening model: in the
standard screening model, the lowest type workers (severely disabled workers in the data and
model) are offered the efficient level of non-wage benefits, which is determined so as to equalize the
marginal benefit to the marginal cost. Thus, the lump-sum transfer (which do not directly change
the marginal costs of providing non-wage benefits) does not affect the magnitude of equilibrium non-
wage benefits. However, it affects the non-wage benefit level for higher-type workers (moderately
disabled or non-disabled workers), through the relaxation of the incentive compatibility constraints,
mitigating some of the inefficiencies from firms’ screening incentives.

We now introduce our model, which reflects the preliminary empirical evidence that we docu-
mented in this section.
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3 An Equilibrium Labor Market Model with Screening

3.1 Model Environment

Workers There is a measure 1 of workers who value consumption and leisure. Workers are
heterogeneous in their types (health statuses), which we denote by i ∈ I ≡ {1, 2, · · · , I}.5 The
share of each type i is denoted by πi > 0, with

∑
i πi = 1.

Each employed worker produces fi, and we assume that high types produce (weakly) more than
low types so that fi+1 ≥ fi. In the model, fi represents the net productivity of workers. Thus, the
heterogeneity in fi might be either due to productivity differences driven by health status, or due
to the accommodation costs for the disabled mandated under the ADA.

The workers’ preferences are represented by the utility function ui (c, a) = c + βiϕ (a), where
c denotes consumption and a, the job characteristics (or non-wage benefits, which we use inter-
changeably), such as the flexibility of work schedule.6 The non-wage benefits increase utility from
work through function ϕ (·), which is strictly increasing (ϕ′ > 0) and strictly concave (ϕ′′ < 0).
Furthermore, the type-specific preference is represented in βi, where we assume βi > βi+1, so that
unhealthy (low type) workers value a more than their healthier (high type) counterparts. Workers
pay a proportional tax on wages, so that c = (1− t)w.

Non-employed workers produce b at home and receive (in expectation) d̃i from the government
(we discuss this further below).

Firms There is a continuum of ex-ante homogeneous, risk-neutral firms in the economy. Firms
are prohibited from posting type-dependent contracts.7 Firms post a contract, which consists of
wage (w) and non-wage benefits (a), by paying a cost κ. When a worker type i is hired, the firm’s
payoff is vi (w, a) = fi − w − C̃ (a), where C̃ (a) denotes the (net) cost of non-wage benefits. The
cost function is assumed to be strictly increasing (C̃ ′ > 0) and convex (C̃ ′′ ≥ 0).

Labor Market Environment Labor market is subject to search frictions, and the match is
bilateral, i.e., one firm and one worker form a match and produce. The labor market is indexed by
a contract y ≡ (w, a) ∈ Y , where the set of feasible contract space Y is compact, nonempty. Firms
and workers direct their search.

The market tightness, ratio of firms’ vacancy to unemployed workers associated with a contract
y is denoted by θ (y) ≡ v/u. A worker who applies to a submarket indexed by a contract y find
a job with probability µ (θ (y)) regardless of his type, and the job-finding rate µ : [0,∞] → [0, 1]
is a strictly increasing and concave function of θ (µ′ (θ) > 0 and µ

′′ (θ) ≤ 0). Similarly, a firm
posting a vacancy characterized with a contract y, finds its employee with probability η (θ (y)),

5While we only explicitly model the heterogeneity in health statuses, we can incorporate other dimensions (i.e.,
education, industry) by assuming that there are more submarkets, and that contracts can be posted based on the
specific heterogeneity.

6Note that this section simply specifies the risk neutral individuals, mainly for simplifying the exposition. In the
empirical section of the model, we consider that the workers are risk averse.

7We could alternatively assume that the worker type i is unobservable to firms.

9



where the worker-finding probability η : [0,∞] → [0, 1] is a decreasing function of θ. Assuming a
constant-returns-to-scale matching function, we have θη (θ) = µ (θ).

Let the share of type-i agent applying to a contract y-submarket be gi (y), with gi (y) ≥ 0 and∑I
i=1 gi (y) = 1. Thus, conditional on a match, the probability of hiring a type-i worker is gi (y).

We normalize the payoff of firms not posting a vacancy to 0.
We denote Ȳi as the set of contracts that can generate non-negative profits in most favorable

market tightness toward firms (i.e. θ = 0) subject to type-i worker’s participation.

Ȳi =
{
y ∈ Y | η (0) vi (y) ≥ κ and ui (y) ≥ ui

((
b+ d̃i, 0

))}
,

and Ȳ ≡ ∪i∈IȲi. Contracts that are not included in this set cannot be in equilibrium. The second
inequality ensures that the workers utility from participating in the labor market with contract y
is greater than his outside option of consuming b+ d̃i (and not receiving any non-wage benefits).

Assumption 1. (Monotonicity) For all y ∈ Ȳ , v1 (y) ≤ v2 (y) ≤ · · · ≤ vI (y) .

When we assume no productivity difference across types, then the firm is indifferent in terms of
payoff and vi (y) = vj (y) for ∀i 6= j. If there the productivity (weakly) increases with type index,
then the monotonicity assumption also holds with (weak) inequality.

Government Policies Government collects income tax from the employed workers, using a
proportional tax rate t, and allocates revenues between subsidizing the costs of non-wage benefits
at rate s and paying disability insurance benefits of d. We assume that the government imperfectly
verifies the true type of workers (similar to Low and Pistaferri (2015)) and denote the probability
of identifying type i as disabled as ψi and assume ψi ≥ ψi+1, i.e., the lower one’s type is, the
more likely it is for the government to verify that (s)he is disabled, and thus provides subsidies to
the firm and pay disability insurance payment. According to the definition, the firm’s net cost of
providing non-wage benefits to type i is then C̃i (a) = (1− ψis)C (a), where C (a) is the total cost
of providing non-wage benefits of amount a. Moreover, worker type-i expects to receive DI benefit
of d̃i = ψid, when (s)he is not working.

3.2 Competitive Search Equilibrium (Given Policy Parameters)

Given the tax rate, subsidy, and the disability insurance programs, competitive search equilibrium
should satisfy that firms post profit maximizing contracts and earn zero profit, and that conditional
on the contracts posted and search behaviors of others, each type-i workers maximize their expected
utility by searching jobs at the optimal submarket. On top of these two conditions, we need to
specify reasonable beliefs about the market tightness off the active submarkets (Y p) in equilibrium.
We formally define the equilibrium of the economy below.

Definition 1. A Competitive Search Equilibrium is a vector Ū = {U}i ∈ R, a measure λ on Y

with support Y p, a function Θ : Y → [0,∞], and a function Γ : Y → ∆I that satisfy the following
conditions
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1. Firms’ Profit Maximization and Free Entry: For any y ∈ Y ,

η (Θ (y))
∑
i

gi (y) vi (y) ≤ κ,

with equality if y ∈ Y p.

2. Workers’ Optimal Job Search: Let

Ūi = max
{
u
(
b+ d̃i, 0

)
,max
y∈Y p

{
µ (Θ (y))ui (y) + (1− µ (Θ (y)))ui

(
b+ d̃i, 0

)}}

and Ūi = ui (d) if Y p = ∅. For any y ∈ Y and i,

Ūi ≥
(
b+ d̃i

)
+ µ (θ (y))

{
(1− t)w + βiϕ (a)−

(
b+ d̃i

)}
,

with equality if Θ (y) < ∞ and gi (y) > 0. If ui (y) < u
(
b+ d̃i

)
, either Θ (y) = ∞ or

gi (y) = 0.

3. Market Clearing: For ∀i ∈ I, ∫
Y p

gi (y)
Θ (y)dλ ({y}) ≤ πi

with equality if Ūi > u
(
b+ d̃i

)
.

Note that the market tightness function Θ is defined over the set of feasible contract space Y ,
unlike the distribution of active contracts λ over Y p. This distinction comes from the fact that our
equilibrium concept requires the workers to have reasonable beliefs about their potential deviation
from the equilibrium outcome y∗i . Following Guerrieri, Shimer and Wright (2010), one can prove
the existence and the uniqueness of screening equilibrium, which is a fully separating equilibrium.

3.3 Characterizing Equilibrium Allocations

In this section, we first describe the efficient contract, i.e., the equilibrium contract when firms
are allowed to post health-dependent contracts (or, firms have full information about the type of
workers). This contract will serve as a benchmark allocation, allowing us to characterize the sources
of inefficiencies and the potential role of government policies in the screening economy.

First-Best (Efficient) Contract Given the set of policy parameters, the equilibrium contract
solves

max
θ,w,a

µ (θ) {(1− t)w + βiϕ (a)}+ (1− µ (θ)) (b+ ψid)

s.t. (FE) µ (θ) {fi − w − (1− ψis)C (a)} = θκ

θ ∈ [0,∞] , w ∈ [0, fi] , a ∈
[
0, C−1 (fi/ (1− ψis))

]
11



i.e., it maximizes the worker’s utility subject to a free entry condition (FE), type-by-type. Substi-
tuting the free-entry condition for wage w, and by the first order condition (FOC) with respect to
a, we get the equilibrium non-wage benefit level for type i represented by

aF B
i = ϕ′−1

[
(1− t) (1− ψis)C ′ (a)

βi

]
.

With the assumption on the preference parameter βi and by the concavity of ϕ, we have aFBi+1 < aFBi .
Since the marginal benefit of non-wage benefits is higher for the low types, they receive more of
them. This effect is strengthened if the government provides more subsidies (so that ψis > ψi+1s)
to low types, lowering the marginal cost of non-wage benefits for them.

From the FOC with respect to θ, we obtain the equilibrium market tightness of workers of
type-i:

θFBi = µ′−1
[

(1− t)κ
(1− t)

{
fi − (1− ψis)C

(
aFBi

)}
+ βiϕ

(
aFBi

)
− (b+ ψid)

]
.

By strict concavity of µ (·) and as long as the net productivity (fi − (1− ψis)C
(
aFBi

)
) of high

types are higher, the equilibrium market tightness is increasing in type i, i.e., θFBi+1 > θFBi .
Lastly, the wage rate is determined by the free-entry condition of firms as

wFBi = fi − (1− ψis)C
(
aFBi

)
− θFBi κ

µ
(
θFBi

) ,
which is increasing in type i, so that wFBi+1 > wFBi . This is driven by higher productivity and lower
non-wage benefit costs of healthier workers.

Screening Contract Suppose firms are prohibited from posting type(health)-dependent con-
tracts (or that they do not observe the health status of workers). Then, the firms offer screening
contracts, to ensure that low types do not mimic the high types. Similar to the results in Guer-
rieri, Shimer and Wright (2010), the lowest type participating in the labor market receives the
efficient contract. Let us denote his utility from entering his own submarket with efficient contract(
wFB1 , aFB1

)
as Ū1, which is expressed as

Ū1 ≡ µ
(
θFB1

) (
(1− t)wFB1 + β1ϕ

(
aFB1

))
+
(
1− µ

(
θFB1

))
(b+ ψ1d) .

We can then solve for the equilibrium contracts sequentially by solving the following problem
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for each type i ≥ 2:

max
θ,w,a

µ (θ) {(1− t)w + βiϕ (a)}+ (1− µ (θ)) (b+ ψid) (1)

s.t. (FE) µ (θ) {fi − w − (1− ψis)C (a)} = θκ

(IC) µ (θ) {(1− t)w + βi−1ϕ (a)}+ (1− µ (θ)) (b+ ψid) ≤ Ūi−1

θ ∈ [0,∞] , w ∈ [0, fi] , a ∈
[
0, C−1 (fi/ (1− ψis))

]
In this case, we need to take into account the incentive compatibility (IC) constraint. It states
that the utility of a type-i worker from entering the submarket of type-i + 1 should be less than
or equal to the utility he receives from entering his own submarket. For types i > 3, Ūi−1 is the
utility from solving problem 1.

Using the optimality conditions, we can further show that if (IC) binds for type i, his non-wage
benefits in the screening contract are inefficiently low, i.e., aASi < aFBi . This is a standard result in
the adverse selection models (even without search frictions), and it is designed to keep low types
from entering the high types’ submarkets. Another useful feature of search frictional labor market
is the equilibrium determination of the market tightness, and thus the employment rates. In the
screening economy, we can further show that θASi > θFBi , if βiϕ (a)− (b+ ψid) < 0 holds, i.e., the
worker prefers the outside option if the wage is 0, which is plausible.

Lastly, we emphasize that if the contract that satisfies zero-profit condition for firms is less
attractive than the outside option (or, outside option value is relatively high), some types prefer
to stay out of the labor force completely. This occurs if the value of staying out of the labor force,
b+ψid, is higher than µ (θ) {(1− t)w + βiϕ (a)}+ (1− µ (θ)) (b+ ψid), or equivalently, (1− t)w+
βiϕ (a) < b + ψid (this was part of the workers’ optimal job search condition in the definition of
competitive search equilibrium states in the previous section). If this occurs, then labor market
participants with the lowest type receive the efficient contract, and all other (higher type) workers’
contracts are distorted when the incentive constraints bind.

Discussion of the Effects of Policies Before setting up the governments’ problem, we discuss
the effects of the policies on labor market equilibrium with adverse selection. For now, assume that
the government can perfectly detect whether a worker is disabled or not.

First, we consider the effects of an increase in d, disability insurance, which is paid only to
disabled workers. The direct effect of the policy is that it increases the outside option of disabled
workers. Thus, low types now prefer to stay out of the labor force, the well-known labor supply
disincentive effects of DI. In this screening model, however, the low participation rate of disabled
workers also affect the high types in the labor market. When the outside option increases, the low
types now have less incentives to mimic the high types. This indirect effect relaxes the incentive
compatibility constraint, therefore mitigating the distortions in the high types’ non-wage benefits.
Another interpretation is that firms’ incentives to screen workers are now lower. At the extreme,
it is possible that DI payments are so generous that there does not exist a contract satisfying
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both the firms’ zero-profit condition and the workers’ participation condition. In this case, all
disabled workers leave the labor force, with only the high types remaining in the market. Then,
efficiency in the high types’ contracts are restored, at the expense of high DI expenditures (driven
by non-participation of all disabled workers) borne by the government.

Secondly, suppose the government increases the hiring (non-wage benefit) subsidy rate s. Since
the low types receive the efficient contract in equilibrium, the subsidy leads to an over-provision of
non-wage benefits for low types. This however, can induce them to work. At the same time, the
firms’ screening incentives increase, distorting the contracts of higher types.

The policy interaction becomes more important in an economy with workers who are at the
margin of labor market entry. In the recent decades, the disability insurance program in the
U.S. and other developed countries have financially suffered from the increased enrollment in DI
programs. In particular, since the passage of the Social Security Disability Benefits Reform Act
of 1984, the percentage of new beneficiaries with low-mortality diseases (e.g., mental disorders,
endocrine system diseases, skin disorders) has been on a rise. A careful joint design of DI and
employment subsidies can be used to provide sufficient consumption insurance for those who are
severely disabled, while encouraging the marginal workers to come back to the labor force.

The next section first formally defines the government problem, and in the following sections,
we will answer the question quantitatively.

3.4 Optimal Policy Design in the Screening Economy

Given welfare weights by type ωi (and given his type-verification technology, ψi), the government
maximizes social welfare subject to the budget constraint:

max
t,s,d

∑
i∈I

ωi

[
(1− µ (θ∗i (t, s, d))) (b+ ψid)

+µ (θ∗i (t, s, d)) {(1− t)w∗i (t, s, d) + βiϕ (a∗i (t, s, d))}
]

s.t.
∑
i∈I

πi (1− µ (θ∗i (t, s, d)))ψid

=
∑
i∈I

πiµ (θ∗i (t, s, d)) {tw∗i (t, s, d)− ψisC (a∗i (t, s, d))}

where {w∗i (t, s, d) , a∗i (t, s, d) , µ∗i (θ∗i (t, s, d))}Ii=1 are derived from labor market equilibrium condi-
tions.

Under full information benchmark, we can prove that t∗ = 0 so that s∗ = 0 and d∗ = 0.

Proposition 2. The optimal tax rate is zero under full information (no screening economy).

Proof. See Appendix.

This result is not surprising: given the linear utility function of workers, the decentralized
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equilibrium outcome is the most efficient allocation and there is no welfare gain from either redis-
tribution or insurance through disability benefits d or subsidy for non-wage benefits s.

We are also able to show that, under certain assumptions, optimal tax rate is positive in the
screening economy.

4 Identification and Estimation (Preliminary)

In this section, we discuss our identification and estimation strategy.

4.1 Estimation Strategy

To empirically study the effects of firm’s screening incentives and the optimal policy design problem,
it is crucial to determine the relevant screening tools. As discussed in the previous section, the
flexibility of working hours can be an important candidate. This instrument is rather difficult to
be mandated under the ADA. Thus, we use this measure as the main source of screening, although
in principle we can add other screening tools in the empirical framework.

The key challenge lies in separately identifying the cost of providing non-wage benefits and the
utility value of these benefits to workers. To address this, we utilize the policy variation introduced
in Section 2, the 2004 reform of WOTC. This can directly affect the firm’s profit function but not
worker’s utility. This variation helps us to separately identify these key parameters. Using the
actual data variation in HRS, we will estimate the model through indirect inference procedure.

For the benchmark model, we use the current policy parameters (some of which are derived from
the literature), and find the equilibrium of the model, which are used as cross-sectional moments.
Moreover, we find the equilibrium outcomes with WOTC, which we model as a lump-sum transfer
to firms hiring disabled workers. The variations in the outcomes of the model before and after
WOTC reform (as presented in Section 2) serve as additional targets of the model.

4.2 Functional Forms and Parameters

There are 3 types of workers, consistent with our empirical analysis, where i = 1 denotes severely
disabled workers and i = 3, non-disabled workers. The value of home production (b) is 40% of
average productivity. We assume that workers have linear utility in consumption (which we relax
later), and concave utility in non-wage benefits,8 with non-wage benefit type-specific curvature
parameter so that ϕ (ak) = aδkk with δk ∈ (0, 1). Similarly, non-wage benefit cost function is convex
with C (ak) = ackk and ck ≥ 1. We assume a Constant Elasticity of Substitution (CES) function for
the job finding rate with parameter γ, so that µ (θ) = θ (1 + θγ)−1/γ .

8While we currently focus on one measure of non-wage benefit, we write here, a generalized functional form
specifications to potentially capture multiple measures of non-wage benefits. In general, we denote non-wage benefits
to be a vector a ≡ {ak}Kk=1, where ak refers to one measure among many. We also allow for heterogeneity in the

value and the cost of each type of non-wage benefit ak by assuming ϕ (a) =
K∑
k=1

ϕ (ak) and C (a) =
K∑
k=1

C (ak).
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Government’s disability verification probability (ψi) is assumed to be 0.62 for the severely dis-
abled, 0.18 for the moderately disabled, and 0.075 for the non-disabled workers. These parameters
are taken from Low and Pistaferri (2015), where they are taken to be the probability of receiving
DI upon applying in their model. For the benchmark economy, the DI benefits are assumed to be
50% of average productivity. Thus, the implied outside option for the severely disabled worker is
71% of the average productivity of the economy (b+ψid = (0.4 + 0.62× 0.5) ȳ). For the moderately
disabled and non-disabled workers, these correspond to 49% and 44%, respectively. Our benchmark
value for the non-wage benefit subsidy rate s = 0, as the current U.S. government does not imple-
ment policies that specifically subsidize the provision of non-wage benefits. In modeling WOTC,
we set the lump-sum transfer to be 9.4% of the income of severely disabled workers, consistent with
the actual amount of transfers allowed to firms.9

The parameters to be estimated within the model are type-specific productivities {fi}; param-
eter governing the elasticity of job finding rate with respect to market tightness γ; and the vacancy
posting cost κ. Moreover, parameters related to non-wage benefits include the type-specific prefer-
ences {βi}; curvature of the utility function {δk}; and curvature of cost function {ck}.

We find these parameters to match employment rates, wages, and non-wage benefits by type,
vacancy cost-to-output ratio, as well as the effects of WOTC on worker outcomes.

In the current preliminary analysis, we use the availability of flexible hours, and use the
cross-sectional moments as targets. The preliminary parameters are fi = {1.5, 1.9, 2.1}; βi =
{1.04, 1.02, 1}; δ = 0.89; c = 1.06; , γ = 0.68; and κ = 0.07.

4.3 Model Fit

The preliminary model fit is presented in Table 4.

Table 4: Equilibrium Outcomes: Data vs. Screening Model

Non-Wage Benefits Wage (Ratio) Employment
Data Model Data Model Data Model

Severely Disabled 0.391 0.423 1 0.93 (1) 0.139 0.304
Moderately Disabled 0.333 0.267 1.212 1.02 (1.1) 0.459 0.682
Non-Disabled 0.333 0.008 1.762 1.30 (1.4) 0.717 0.734

In Table 5, we compare the outcomes of the model in the first-best (FB) and the screening
(AS) economies. First, we note that as predicted by the model, in the screening economy, non-
wage benefits are under-provided to moderately disabled and non-disabled workers. However, these
workers are compensated with higher employment rates than in the first-best. The equilibrium wage
depends both on the amount of non-wage benefits and the equilibrium market tightness, where the
former has a positive effect, and the latter, a negative effect. Under the current parametrization,

9Firms can claim up to $2,400 annually, and the average annual earning of the severely disabled workers are
$13.70(per hour) × 35.9(hours per week) × 52(weeks in a year) = $25, 575.16 (this is in line with CBO numbers
$25,452 in 2012 dollar).
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the latter dominates and this leads to a compression of the wage ratios across health types in
the screening economy, relative to the efficient outcomes. The combined effects in the screening
economy, lowers the utility of healthier types, but not for the severely disabled workers, whose
equilibrium outcomes in the screening economy is efficient.

Table 5: Equilibrium Outcomes: First-Best (FB) vs. Screening Model (AS)

Non-Wage Benefits Wage Employment Utility
FB AS FB AS FB AS FB AS

Severely Disabled 0.423 0.423 0.933 0.933 0.304 0.304 0.215 0.215
Moderately Disabled 0.387 0.267 1.152 1.022 0.554 0.682 0.250 0.234
Non-Disabled 0.353 0.008 1.351 1.298 0.594 0.734 0.881 0.757

5 Quantitative Policy Analysis (Preliminary)

In this section, we conduct a counterfactual analysis to study the joint effects of DI and hiring
subsidies, and especially their interactions.

Proportional Subsidies to Non-Wage Benefits Suppose the government wants to provide
more consumption insurance, especially for the severely disabled workers, and therefore increases
the DI replacement rate to 70%. Given the imperfect verifiability of the health statuses, the policy
reform results in the implied outside option of {0.83, 0.53, 0.45} of average productivity for severely,
moderately, and non-disable workers, respectively (compared to {0.71, 0.49, 0.44} in the benchmark
economy). To study the effects of the hiring subsidy rate, we now vary s from 0 to 0.2. We are
interested in first, the labor market equilibrium effects of the policies; second, the aggregate costs
to the government of implementing the policies; and third, their welfare consequences.

Figure 2: Severely Disabled Workers
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In Figure 2, we plot the equilibrium non-wage benefits, wage, and employment rates of the
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severely disabled workers, under varying subsidy rates. Notice that the lowest type of worker
participating in the labor market receives the efficient contract even in the screening economy. At
low s, the non-wage benefits provided are low, and severely disabled workers prefer to stay out
of the labor force (as represented by 0 employment rate). However, as subsidy rate and thus the
non-wage benefits increase, their incentives to work increase, despite generous DI benefits.

Figure 3: Moderately Disabled Workers
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Figure 4: Non-Disabled Workers
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In Figure 3, we have the results for moderately disabled workers. Note that when subsidy rate is
low, moderately disabled workers receive first-best contracts. As severely disabled workers are out
of the labor force, moderately disabled workers become the lowest type participating in the labor
market. However, as the severely disabled workers start working, the firms’ need to screen workers
arise. This effect is captured by the gap in the non-wage benefits provided in the first-best and
the screening economy; there is an under-provision of non-wage benefits to the moderately-disabled
workers. This is offset by an increase in the equilibrium employment rates. Similar effects are
present for non-disabled workers as shown in Figure 4. While their contracts are always distorted
in the screening economy, the participation of severely disabled workers generates yet another kink
in their equilibrium contracts.

Next, we turn to the aggregate costs of implementing the policies. In Figure 5, we have the total
costs of the policies, and separately by costs going to DI and subsidy program. While the subsidy
costs are strictly increasing in the subsidy rates, the DI costs are not. In particular, there is a kink
in the DI costs as the severely disabled workers start participating in the labor market. Combined
effects yield non-monotonic total costs of increasing the subsidy rate, for a given DI replacement
rate. When the subsidy rate exceeds 5%, the total cost decreases initially, as the cost of hiring
subsidies provided to severely disabled workers is smaller than the cost of providing DI to them.
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Figure 5: Total Expenditures by the Government
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How do the policy combinations then affect the welfare of workers? We first plot the utility
of workers by their health statuses in Figure 6. The utility of severely disabled workers at a low
subsidy rate is their outside option, which is fixed by DI (thus a horizontal line up to 5% subsidy).
Any further increase in the subsidy rate makes them better off. However, this is not the case for
other types of workers in the labor market. While, in the first-best, both moderately-disabled and
non-disabled workers benefit from the increase in the subsidy rate; the same is not true in the
screening economy. The need for firms to screen workers when the labor market is populated by
heterogeneous types lowers the utility of the (relatively) high types in the market.

Figure 6: Utility by Health Status
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The aggregate utility (with utilitarian welfare weights) and the total costs are plotted side-by-
side in Figure 7 for comparison. The aggregate utility reflects the pattern of the utilities by health
statuses shown in the previous plots. An interesting policy combination occurs around the subsidy
rates of 9%. Near the region, the total cost curve is relatively flat, while the aggregate utility is
strictly increasing.
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Figure 7: Cost vs. Aggregate Utility
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This illustration shows that there exists a non-trivial interaction between DI and the hiring
subsidies, for costs to the government and the aggregate utility in the economy. The key trade-offs
that we capture are providing incentives of disabled workers to work (through subsidies), which
can be costly as the firms’ incentives to screen increase, distorting the equilibrium contracts in the
labor market.

We also plan to consider direct wage subsidies, as another policy tool. Our goal is to use the
fully estimated model to study the joint optimal design of the policies in the screening economy.

6 Conclusion

In this project, we explored how to optimally design policies for disabled workers. Rather than
focusing only on social insurance policy (DI) or on labor market policy, we jointly model them to
study their interactions in a labor market with heterogeneous workers. We empirically show the
impact of the government’s employment support program for disabled workers on their non-wage
benefits, as well as other outcome variables. Then, we build a model that takes into account both
the worker- and firm-side responses to government policies and that allows for the policies to impact
all workers (not only disabled) in the labor market. The estimated model, using data from the HRS,
is used to conduct quantitative policy analysis.

In the US, the expenditures on DI has been increasing dramatically in the past few decades,
while the government spending to promote employment of disabled workers has been relatively
small. According to projections by the Congressional Budget Office, DI trust fund is expected to
be exhausted in 2022, and the government faces an imminent need of policy reforms for disabled
workers. We propose that a more active utilization of labor market policies, to curb the increasing
costs of the DI program, might be effective way of insuring disabled workers. This paper is an
important step towards (i) understanding the interaction between DI and labor market policies for
disabled workers; and thus (ii) devising policies, optimally and efficiently, to improve the welfare
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of workers in the aggregate economy.
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A Proofs

A.1 Equilibrium Contracts in the Screening Economy

We show properties of the equilibrium contracts under screening economy, in comparison with
the first-best economy. Here, we also incorporate (for use in our quantitative analysis), Fi type-
dependent fixed cost of work and tri, type-dependent lump-sum transfers from the government.
Moreover, we allow for the incorporation of multiple non-wage benefit measures. We denote ak,
the non-wage benefit of type k, and c (ak), the cost function of the specific non-wage benefit. Thus,
the total costs are now denoted as

∑
k c (ak), and utility,

∑
k ϕ (ak)The latter policy corresponds

to the WOTC program that we use to identify the firm costs of providing non-wage benefits. The
problem of the screening economy then reads,

d2 + max
θ,w,a

µ (θ)
[
(1− t)w + β2

(∑
k

ϕ (ak)
)
− F2 − d2

]
s.t.

(FE) µ (θ)
{
y2 − w − (1− ψis)

∑
k

c (ak) + tr2

}
≥ θκ

(IC) µ (θ)
{

(1− t)w + β1

(∑
k

ϕ (ak)
)
− F1

}
+ (1− µ (θ)) (b+ ϕid1) ≤ Ū1

Let Lagrange multipliers with respect to (FE) and (IC) be νand λ. Then, from the FOC with
respect to the wage rate, we get

µ (θ) (1− t)− νµ (θ)− λµ (θ) (1− t) = 0

(1− t) (1− λ) = ν

With t < 1, for ν to be positive, the multiplier λ ∈ [0, 1). The FOC with respect to the non-wage
benefit of type k, reads

µ (θ)β2ϕ
′ (ak)− νµ (θ) (1− ψis) c′ (ak)− λµ (θ)β1ϕ

′ (ak) = 0

(β2 − λβ1)ϕ′ (ak) = (1− t) (1− λ) (1− ψis) c′ (ak)

Rearranging,

λ = β2ϕ
′ (ak)− (1− t) (1− ψis) c′ (ak)

β1ϕ′ (ak)− (1− t) (1− ψis) c′ (ak)
,

and combining with the FOC with respect to wage rate,
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ν = (1− t) (1− λ) = (1− t) β1ϕ
′ (ak)− β2ϕ

′ (ak)
β1ϕ′ (ak)− (1− t) (1− ψis) c′ (ak)

.

Since by assumption β1 > β2, numerator of ν is positive, thus, the denominator must be pos-
itive. This implies that for λ to be positive, the numerator must be positive, i.e., β2ϕ

′ (ak) >
(1− t) (1− ψis) c′ (ak). Note that in the first-best, the optimality condition for ak reads β2ϕ

′
(
aFBk

)
=

(1− t) (1− ψis) c′
(
aFBk

)
. Thus, by concavity of ψ function (and convexity of c (·) function; holds

with linear function too), aASk < aFBk when λ > 0 (i.e., when (IC) is binding).
Lastly, the FOC with respect to θ reads

µ′ (θ)
[
(1− t)w + β2

(∑
k

ϕ (ak)
)
− F2 − d2

]
+

νµ′ (θ)
{
y2 − w − (1− ψis)

∑
k

c (ak) + tr2

}
− νκ−

λµ′ (θ)
{

(1− t)w + β1

(∑
k

ϕ (ak)
)
− F1 − d1

}
= 0{

β2

(∑
k

ϕ (ak)
)
− F2 − d2

}
− λ

{
β1

(∑
k

ϕ (ak)
)
− F1 − d1

}

+ (1− t) (1− λ)
{
y2 − (1− ψis)

∑
k

c (ak) + tr2

}
= (1− t) (1− λ) κ

µ′ (θ)

Denote ϕ (a) ≡
∑
k ϕ (ak), c (a) =

∑
k c (ak)and d̃i ≡ Fi + di. For now, assume no policy. Then,

the last equation from FOC with respect to θ:{
β2ϕ (a)− d̃2

}
− λ

{
β1ϕ (a)− d̃1

}
+ (1− λ) {y2 − c (a)} = (1− λ) κ

µ′ (θ){
β2ϕ (a)− d̃2 + y2 − c (a)

}
− λ

{
β1ϕ (a)− d̃1 + y2 − c (a)

}
= (1− λ) κ

µ′ (θ)

Let β1 = χβ2, and d̃2 = ξd̃1. Note also that

1− λ = (β1 − β2)ϕ′ (a)
β1ϕ′ (a)− c′ (a) = (χ− 1)ϕ′ (a)

χβ2ϕ′ (a)− c′ (a)

1− λχ = β1ϕ
′ (a)− c′ (a)− χβ2ϕ

′ (a) + χc′ (a)
β1ϕ′ (a)− c′ (a) = (χ− 1) c′ (a)

χβ2ϕ′ (a)− c′ (a)
1− λχ
1− λ = c′ (a)

β2ϕ′ (a)

(similar calculations hold with ξ). So, simplifying, the FOC with respect to θ can be expressed as

µ′ (θ)
{
y2 − c (a) + c′ (a)

β2ϕ′ (a)
(
β2ϕ (a)− d̃2

)}
= κ. (2)
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In the FB, the following hold:

µ′
(
θFB

) [
y2 − c

(
aFB

)
+ β2ϕ

(
aFB

)
− d̃2

]
= κ

β2ϕ
′
(
aFB

)
= c′

(
aFB

)
which implies that the

(
aFB, θFB

)
satisfies equation (2).

Since we know that aFB > aAS , then we need to know how θAS should adjust so that the

equation (2) holds. So, we want to know the sign of ∂

∂a

{
y2 − c (a) + c′ (a)

β2ϕ′ (a)
(
β2ϕ (a)− d̃2

)}
.

∂

∂a

{
−c (a) + c′ (a)ϕ (a)

ϕ′ (a) − d̃2c
′ (a)

β2ϕ′ (a)

}
=
{
c′′ (a)
ϕ′ (a) −

c′ (a)ϕ′′ (a)
(ϕ′ (a))2

}{
ϕ (a)− d̃2

β2

}

= (+)×

+ if β2ϕ (a)− d̃2 > 0

− if β2ϕ (a)− d̃2 < 0

The first term is positive with convex cost (c′′ (a) > 0) and concave utility ( and ϕ′′ (a) < 0). The
second term is positive if β2ϕ (a)− d̃2 > 0. Think of a labor force participation constraint. Workers’
utility from work is w + β2ϕ (a) and utility from not working, d̃2. If β2ϕ (a)− d̃2 > 0, utility from
non-wage benefits is so high that even at wage rate of 0, the worker would be willing to work,
which is unlikely. Thus, under reasonable parameters, it will be the case that β2ϕ (a) − d̃2 < 0.
If so, when a is lower (aAS < aFB), the term in the bracket is higher; to satisfy the FOC (given
that the RHS is a constant, κ), it must be that µ′

(
θAS

)
< µ′

(
θFB

)
, which implies with a concave

matching function, θAS > θFB.
Lastly,

w = y2 − c (a)− θκ

µ (θ)

= y2 − c (a)− θµ′ (θ)
µ (θ)

{
y2 − c (a) + c′ (a)

β2ψ′ (a)
(
β2ϕ (a)− d̃2

)}

If (a, θ) =
(
aFB, θFB

)
, then w = wFB. If aAS < aFB, then from our assumption that β2ϕ (a)−d̃2 <

0,
{
y2 − c (a) + c′ (a)

β2ϕ′ (a)
(
β2ϕ (a)− d̃2

)}
is higher. With θAS > θFB, θµ

′ (θ)
µ (θ) is lower.

A.2 Optimal Policy under Full-Information Benchmark

From the governments’ budget constraint,

d = µ (θ∗ (t, s, d))
1− µ (θ∗ (t, s, d))

[
t

{
fi − (1− s) a∗ (t, s)− θ∗ (t, s, d)κ

µ (θ∗ (t, s, d))

}
− sa∗ (t, s)

]
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Substituting d,

GF = max
t,s,d

µ (θ∗ (t, s, d))
[
t

{
fi − (1− s) a∗ (t, s)− θ∗ (t, s, d)κ

µ (θ∗ (t, s, d))

}
− sa∗ (t, s)

]
+µ (θ∗ (t, s, d))

[
(1− t)

{
fi − (1− s) a∗ (t, s)− θ∗ (t, s, d)κ

µ (θ∗ (t, s, d))

}
+ βiϕ (a∗ (t, s))

]
= max

t,s,d
µ (θ∗ (t, s, d)) [fi − a∗ (t, s) + βiϕ (a∗ (t, s))]− θ∗ (t, s, d)κ

The first-order condition with respect to d reads:

dGF

dd
=

[
µ′ (θ∗) {fi − a∗ + βiϕ (a∗)} − κ

] dθ∗
dd

= 0.

As dθ∗

dd < 0, it must be the case that µ′ (θ∗) {fi − a∗ + βiϕ (a∗)} = κ. Moreover,

dGF

ds
= µ (θ∗)

[
βiϕ
′ (a∗)− 1

] da∗
ds

+
[
µ′ (θ∗) {fi − a∗ + βϕ (a∗)} − κ

] dθ∗
ds

= µ (θ∗)
[
βiϕ
′ (a∗)− 1

] da∗
ds

= 0,

and

dGF

dt
=

[
µ′ (θ∗) {fi − a∗ (t, s) + βiϕ (a∗ (t, s))} − κ

] dθ∗
dt

+µ (θ∗)
[
βiϕ
′ (a∗)− 1

] da∗
dt

= µ (θ∗)
[
βiϕ
′ (a∗)− 1

] da∗
dt

= 0.

These two equations imply that

βiϕ
′ (a∗)− 1 = βiα

[{
βiα

(1− t) (1− s)

} 1
1−α

]α−1

− 1

= βiα

{
βiα

(1− t) (1− s)

}−1
− 1

= (1− t) (1− s)− 1 = 0

or t∗ = s∗ = d∗ = 0.
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