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Abstract

We present and empirically implement an equilibrium labor market search model where risk averse
workers facing medical expenditure shocks are matched with firms making health insurance coverage
decisions. Our model delivers a rich set of predictions that can account for a wide variety of phenomenon
observed in the data including the correlations among firm sizes, wages, employer-sponsored health
insurance offering rates, turnover rates and workers’ health compositions. We estimate our model by
Generalized Method of Moments using a combination of micro datasets including the Survey of Income
and Program Participation, the Medical Expenditure Panel Survey and the Kaiser Family Employer
Health Insurance Benefits Survey. We use our estimated model to evaluate the equilibrium impact of
the 2010 Affordable Care Act (ACA) and compare it with other health care reform proposals. We also use
the estimates of the early impact of the ACA as a model validation. We find that the full implementation
of the ACA would reduce the uninsured rate among the workers in our estimation sample from about
21.3% in the pre-ACA benchmark economy to 6.6%. We also find that income-based premium subsidies
for health insurance purchases from the exchange play an important role for the sustainability of the
ACA; without the premium subsidies, the uninsured rate would be around 15.8%. In contrast, as long
as premium subsidies and health insurance exchanges with community ratings stay intact, ACA without
the individual mandate, or without the employer mandate, or without both mandates, could still succeed
in reducing the uninsured rates to 11.4%, 7.5% and 12.9% respectively.
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1 Introduction

The Affordable Care Act (hereafter, ACA), signed into law by President Barack Obama in March
2010, represents the most significant reform to the U.S. health insurance and health care markets since the
establishment of Medicare in 1965E| The health care reform in the U.S. was partly driven by two factors:
first, a large fraction of the U.S. population does not have health insurance (close to 18% for 2009); second,
the U.S. spends a much larger share of the national income on health care than the other OECD countries
(health care accounts for about one sixth of the U.S. GDP in 2009)E| There are many provisions in the
ACA whose implementation were phased in over several years, and some of the most significant changes
started taking effect from 2014. In particular, four of the most important pillars of the ACA are as followsﬂ

¢ (Individual Mandate) All individuals must have health insurance that meets the law’s minimum
standards or face a penalty when filing taxes for the year, which will be 2.5 percent of income or $695,
whichever is higherﬁ E|

¢ (Employer Mandate) Employers with 50 or more full-time employees will be required to provide
health insurance or pay a fine of $2,000 per worker each year if they do not offer health insurance, where
the fines would apply to the entire number of employees minus some allowances.

e (Insurance Exchanges) State-based health insurance exchanges will be established where the
unemployed, the self-employed and workers who are not covered by employer-sponsored health insurance
(ESHI) can purchase insurance. Importantly, the premiums for individuals who purchase their insurance
from the insurance exchanges will be based on the average health expenditure of those in the exchange
risk poolﬁ Insurance companies that want to participate in an exchange need to meet a series of statutory
requirements in order for their plans to be designated as “qualified health plans.”

e (Premium Subsidies) All adults in households with income under 138% of Federal poverty line
(FPL) will be eligible for receiving Medicaid coverage with no cost sharingm For individuals and families
whose income is between the 138 percent and 400 percent of the FPL, subsidies will be provided toward

the purchase of health insurance from the exchangesﬁ

!The Affordable Care Act refers to the Patient Protection and Affordable Care Act (PPACA) signed into law by President

Obama on March 23, 2010, as well as the Amendment in the Health Care and Education Reconciliation Act of 2010.

2See OECD Health Data at www.oecd.org/health/healthdata for a comparison of the health care systems between the
U.S. and the other OECD countries.

3Detailed formulas for the penalties associated with violating the individual and employer mandates, as well as for that for
the permium subsidies, are provided in Section

4These penalties were implemented fully from 2016. In 2014, the penalty is 1 percent of income or $95 and in 2015, it
is 2 percent of income or $325, whichever is higher. Cost-of-living adjustments will be made annually after 2016. If the
least inexpensive policy available would cost more than 8 percent of one’s monthly income, no penalties apply and hardship
exemptions will be permitted for those who cannot afford the cost.

5The individual mandate was controversial and there were numerous lawsuits challenging its constitutionality. The Tax
Cut and Jobs Act of 2017 will repeal the individual mandate penalty for not having health insurance starting in 2019.

SStates that opt not to establish their own exchanges will be pooled in a federal health insurance exchange.

"This represents a significant expansion of the current Medicaid system because many States currently cover adults with
children only if their income is considerably lower, and do not cover childless adults at all. The U.S. Supreme Court’s ruled
on June 28, 2012 that the law’s provision that, if a State does not comply with the ACA’s new coverage requirements, it may
lose not only the federal funding for those requirements, but all of its federal Medicaid funds, is unconstitutional. This ruling
allows states to opt out of ACA’s Medicaid expansion, leaving each state’s decision to participate in the hands of the nation’s
governors and state leaders. As of June 2015, 30 states (including District of Columbia) expanded their Medicaid coverage
(see http://kff.org/health-reform). In this paper, we will study both the full and the partial implementation of Medicaid
expansion.

8Whether individuals in states that do not establish their own exchanges who purchase insurance from the federal health



There has been significant political activities ever since the enactment of the ACA. Some of policy
proposals have considered to repeal and replace the ACA, such as the American Health Care Act (2017);ﬂ
there are also other small scale policy changes, which modify a part of the ACA. An example is the
eventually successful repeal of the individual mandate in the Tax Cuts and Jobs Act of 2017; another
example is the attempt to reduce subsidies to the health insurance premiums. These policy proposals raise
a number of questions about what are potential impacts of alternatives of the ACA: For example, how
would the remainder of the ACA perform if its individual mandate penalty is repealed? Are the premium
subsidies necessary for the insurance exchanges to overcome the adverse selection problem? Would the
ACA be significantly impacted if the employer mandates were removed? What would happen if the current
tax exemption status of employer-provided insurance premium is eliminated?

The goal of this paper is to present and empirically implement an equilibrium model that integrates
the labor market with the major feature of U.S. health insurance system, and to use it to understand the
mechanisms through which health insurance reform affects the labor market equilibrium, including the
uninsured rate. An equilibrium model that integrates the labor and health insurance markets is necessary
for us to understand the general equilibrium implications of the health insurance reform. First, the United
States is unique among industrialized nations in that it lacks a national health insurance system and most
of the working-age population obtain health insurance coverage through ESHI. According to [Kaiser Family
Foundation and Health Research and Educational Trust| (2009), more than 60 percent of the non-elderly
population received their health insurance sponsored by their employers, and about 10 percent of workers’
total compensation was in the form of ESHI premiumsm Second, there have been many well-documented
connections between firm sizes, wages, health insurance offerings and worker turnovers. For example, it
is well known that firms that do not offer health insurance are more likely to be small firms, to offer low
wages, and to experience higher rate of worker turnover. In the 1997 Robert Wood Johnson Foundation
Employer Health Insurance Survey, we find that the average size was about 8.8 for employers that did not
offer health insurance, in contrast to an average size of 33.9 for employers that offered health insurance;
the average annual wage was $20,560 for workers at firms that did not offer health insurance, in contrast
to an average wage of $29,077 at firms that did; also, annual separation rate of workers at firms that did
not offer health insurance was 17.3%, while it was 15.8% at firms that didE-] Moreover, in our data sets,
workers in firms that offer health insurance are more likely to self report better health than those in firms
that do not offer health insurance.

Our model is based on Burdett and Mortensen (1998) and Bontemps, Robin, and Van den Berg| (1999,
QOOO)H E One of the most desirable features of these models is that they have a coherent notion of firm
size which allows us to satisfactorily examine the effect of size-dependent employer mandate as stipulated
in the ACA. We depart from these standard models by incorporating health and health insurance; thus

insurance exchange can receive the premium subsidies is being challenged in the U.S. Supreme Court case King v. Burwell.
The Supreme Court ruled to allow all subsidies on June 25, 2015 on a 6-3 decision.

9Tt passed in the House of Representatives but did not pass in the Senate.

% Among those with private coverage from any source, about 95% obtained employment-related health insurance (see|Selden
and Gray| (2000)).

“"We used this dataset to estimate our model in previous versions of the paper (Aizawa and Fang| (2013, 2015)).

12Their model theoretically explains both wage dispersion among ez ante homogeneous workers and the positive correlation
between firm size and wage. [Moscarini and Postel-Vinay| (2013) demonstrate that the extended version of this model, which
allows firm productivity heterogeneity and aggregate uncertainty, has very interesting but also empirically relevant properties
about firm size and wage adjustment over the business cycles.

13Dizioli and Pinheiro (2016)) also extended [Burdett and Mortensen| (1998)) to incorporate health insurance as a productivity
factor, and show that firms that offer health insurance are larger and pay higher wages in equilibrium.



we endogenize the distributions of wages and health insurance provisions, employer size, employment and
worker’s health. In our model workers, who differ by demographic types (gender, marital status, and the
presence of children), observe their own health status which evolves stochastically. Workers’ health consists
of two components, one that is observable by all, including the firms and econometricians, and another that
is observable to the worker but unobservable to firms and econometricians. Workers’ health status affects
both their medical expenditures and their labor productivity. Health insurance eliminates individuals’ out-
of-pocket medical expenditure risks and may affect the dynamics of their health status. Individuals may
obtain health insurance through employers (ESHI), Medicaid if eligible, spousal insurance if available, or
individual insurance. The uninsured individuals may be still partially insured through other social safety
net programs modeled as a consumption floor. Both the unemployed and the employed workers randomly
meet firms and decide whether to accept their job offer, compensation package of which consists of wage
and ESHI (if offered). Firms, which are heterogenous in their productivity, post compensation packages,
which includes wages (that are allowed to depend on workers’ observable health component) and ESHI
offerings, to attract workers. The cost of providing health insurance, which will be used to determine ESHI
premiums, is determined by both the demographic and health composition of its workforce, in addition to
a fixed administrative cost. When deciding on what compensation packages to offer, the firms anticipate
that their choice of compensation packages will affect the demographic and health composition of their
workforce as well as their sizes in the steady state.

We characterize the steady state equilibrium of the model in the spirit of Burdett and Mortensen
(1998). We estimate the parameters of the baseline model using data from Survey of Income and Program
Participation (SIPP, 2004 Panel), Medical Expenditure Panel Survey (MEPS, 2001-2007), and Kaiser
Employer Health Benefit Survey (2004—2007)@ The first two data sets are panels on worker-side labor
market status, health and health insurance, while the third one is a cross-sectional firm level data set
which contains information such as firm size and health insurance coverage. Because the data on the
supply-side (i.e., workers) and demand-side (i.e. firms) of labor markets come from different sources, we
estimate the model using GMM. We show that our baseline model delivers a rich set of predictions that
can qualitatively and quantitatively account for a wide variety of the aforementioned phenomenon observed
in the data including the correlations among firm sizes, wages, health insurance offering rates, turnover
rates and workers’ health compositions.

Our empirical analysis highlights the dynamic interactions between firm’s health insurance provision
and worker’s health status, which helps to explain these correlations. While it is true that firms, by
offering health insurance, can benefit from the tax exemption of the insurance premium, they also attract
more unhealthy (in unobservable component) workers among their new hires, which leads to the standard
adverse selection problem. We find that this adverse selection effect substantially reduces the incentive
of low-productivity firms to offer ESHI because they tend to disproportionately attract more unhealthy
workers. Interestingly, however, we find that the adverse selection problem is partially alleviated over
time by the positive effect of health insurance on the dynamics of the observable health component;
importantly, given our estimate of this effect on the observed health component, which is consistent with
the estimates in the health economics literature reviewed in Section [7] we find that this positive effect from
the improvement of health status of the workforce is captured more by high productivity firms due to what
we term as “retention effect.” This simply refers to the fact that high-productivity firms tend to offer more

4The full name of the data set is Kaiser Family Foundation and The Health Research and Educational Trust (KFF/HRET)
Survey on Health Benefits. In earlier versions of the paper (Aizawa and Fang| (2013} |2015)), we used data from Robert Wood
Johnson Foundation Employer Health Insurance Survey from 1997, the last year it was available.



valuable compensation packages (through the combinations of higher wages and ESHI) and retain workers
longer (see Fang and Gavazzal (2011) for an evidence for this mechanism). These effects jointly allow our
model to generate a positive correlation between wage, health insurance, and firm size; and they moreover
explain why health status of employees covered by ESHI is better than that of uninsured employees on the
observed health component in the data.

We use our estimated model to examine the impact of the previously-mentioned four key components
of the ACA. We find that the full implementation of the ACA would significantly reduce the uninsured rate
among the workers in our estimation sample from 21.3% in the pre-ACA benchmark economy to about
6.6%. This large reduction of the uninsured rate is mainly driven by an increase in the fraction of the pop-
ulation purchasing individual private health insurance; specifically, in the pre-ACA benchmark, only 3.4%
purchased (unregulated) private individual health insurance; but under the ACA, 11.2% of the population
will purchase private health insurance from the regulated health insurance exchanged established under the
ACA with income-based premium subsidies from the government. The fraction of the population covered
by Medicaid also increase from 5.0% from pre-ACA environment to 9.9% under the ACA. Also we find a
small increase in the fraction of the population covered under own ESHI or spousal insurance, from 70.3%
in the pre-ACA benchmark to 72.4% under the ACA. We find that, due to the employer mandate, the
health insurance offering rate for firms with 50 or more workers increases from 93.5% in the benchmark
to 98.9% under the ACA; however, the health insurance offering rate for firms with less than 50 workers
decreases from 48.0% in the benchmark to 40.0% under the ACA. The reason for the reduction in small
firms’ ESHI offering rate is that the ACA reduces the value of ESHI for workers, particularly those with
low income, because of the availability of premium-subsidized health insurance from the regulated health
insurance exchange. This effect dominates the countervailing effect of the ACA that it reduces, and in fact,
almost eliminates, the adverse selection for small firms to offer ESHI. We also find that the size-dependent
employer mandate leads to a slight increase in the fraction of firms with less than 50 workers, with a small
but noticeable clustering of firms with size just below the employer mandate threshold of 50.

For the purpose of model validation, we also investigate the model’s ability to account for the early
impact of the ACA in the data. We simulate the impact of the ACA implemented in 2015, which differs
from the full implementation of the ACA regarding the policy scales for individual and employer mandates
and Medicaid. We find that in general the model is able to account for the major features in the data,
specifically the observed changes in the health insurance status of the U.S. population.

We further use the estimated model to evaluate a series of alternative policies which are currently
considered in the policy debates. First, we investigate the effect of the ACA if its individual mandate
component were removed, a scenario that the U.S. will face from 2019 due to the recent tax reform which
repealed the individual mandate. We find that ACA sans the individual mandate would still achieve a
significant reduction in the uninsured rate: in our simulation the uninsured rate under “ACA without
individual mandate” would be 11.4%, significantly lower than the 21.3% under the benchmark. The
premium subsidy component of the ACA would have in itself drawn all the unemployed (regardless of their
health) and the low-wage employed (again regardless of their health) in the insurance exchange. In fact, if
we were to remove the premium subsidies, instead of the individual mandate, from the ACA, we find that
the insurance exchange will suffer from adverse selection problem so severe as to render it non-active at
all. ACA without premium subsidies only leads to a small reduction of the uninsured rate to 15.7% from
the 21.3% in the benchmark.

Interestingly, we find that, under a policy of “ACA without the employer mandate,” the uninsured rate
would be 7.5%, almost identical to that under the full ACA. We find that, although firms with 50 or more



workers decrease their ESHI offering rate without the employer mandate penalty, many of their employees
obtain other health insurance. Interestingly, this will create a general equilibrium effect that also affect
small firms’ ESHI offering rate. Overall, the effect of employer mandate under the ACA is likely to be very
limited.

We also simulate the effects of eliminating the tax exemption for ESHI premium both under the
benchmark and under the ACA. We find that, the elimination of the tax exemption for ESHI premium
would reduce, but not eliminate, the incentives of firms, especially the larger ones, to offer health insurance
to their workers; the overall effect on the uninsured rate is modest. We find that the uninsured rate would
increase from 21.3% to 31.8% when the ESHI tax exemption is removed in the benchmark economy; and
it will increase from 6.6% to 12.4% under the ACA. We also experimented with the effect of prohibiting
firms from offering ESHI in the post-ACA environment. We find that it would lead to a large increase in
the uninsured rate, which suggests that ESHI complements, instead of hinders, the smooth operations of
the health insurance exchange.

The remainder of the paper is structured as follows. In Section [2| we review the related literature; in
Section |3, we present the model of the labor market with endogenous determinations of wages and health
insurance provisions; in Section [4] we present a qualitative assessment of the workings of the model; in
Section[f] we describe the data sets used in our empirical analysis; in Section[6, we explain our identification
and estimation strategy; in Section [7} we present our estimation results and the goodness-of-fit; in Section
we describe the results from several counterfactual experiments; and finally in Section [0, we conclude
and discuss directions for future research.

2 Related Literature

This paper is related to three strands of the literature. First and foremost, it is related to a small
structural empirical literature that examines the relationship between health insurance and labor market[]
Rust and Phelan! (1997) studies the interaction between Social Security, Medicare and employer-provided
health insurance for retirement behavior in a world with incomplete markets. More closely related to
our paper, Dey and Flinn (2005) propose and estimate an equilibrium model of the labor market in
which firms and workers bargain over both wages and health insurance offerings to examine the question of
whether the employer-provided health insurance system leads to inefficiencies in workers’ mobility decisions
(which are often referred to as “job lock” or “job push” effects)m Our primary contribution to this
literature is to develop and estimate an equilibrium model of labor and health insurance markets, which
explicitly incorporates firm size, health, medical expenditure, and realistic features of the U.S. health
insurance system, such as the sizable presence of ESHI and Medicaid. To examine the effect of size-
dependent employer mandate, it is crucial for us to endogenize firm size and quantitatively explain the
dependence of ESHI offering on firm size, which is not considered in the literature including |Dey and Flinn
(2005). Moreover, incorporating health and medical expenditure will be crucial to understand equilibrium
implications of health care reforms into health insurance markets.

The channel that worker turnover discourages firm’s health insurance provision is related to [Fang and
Gavazza, (2011)). They argue that health is a form of general human capital, and labor turnover and labor-

market frictions prevent an employer-employee pair from capturing the entire surplus from investment in

15See |Currie and Madrian| (1999)) for a survey of the large reduced form literature on the interactions between health, health

insurance and labor market.
16See [Madrian| (1994) and |Gruber and Madrian| (1994) for reduced-form evidence for job locks induced by ESHI.



an employee’s health, generating under-investment in health during working years and increasing medical
expenditures during retirement. In this paper, we develop an equilibrium framework that incorporates this
channel, as well as other channels such as adverse selection, that are known to be important factors for
health insurance coverage. We then investigate how these channels interact with each other to determine the
general equilibrium impacts of health insurance system on insurance coverage and labor market outcomes.
Moreover, our primary focus is about health insurance coverage provision and labor market outcomes,
while theirs is about the life-cycle medical expenditure.

Second, there are a growing number of empirical analyses examining the likely impact of the ACA.
Some of these papers study the Massachusetts Health Reform, implemented in 2006, which has similar
features with the ACA. For example, Kolstad and Kowalski| (2012)); Hackmann, Kolstad, and Kowalski
(2012); Kolstad and Kowalski| (2016) use model-based “sufficient statistics” approach to study the effect
on medical expenditure, selection in insurance markets, and labor markets. |Courtemanche and Zapata
(2014) found that Massachusetts reform improves the health status of individuals. They study these issues
based on a “difference-in-difference” approach and require the availability of both pre- and post-reform
data sets. These approaches are very informative to understand the overall and likely impact of reform. By
structurally estimating an equilibrium model, we complement this literature by providing a quantitative
assessment of the mechanisms generating such outcomes. Moreover, we provide the assessment of various
other counterfactual policies such as health care reforms beyond the ACA and the removal of tax exclusion
of ESHI premiums.

Pashchenko and Porapakkarm| (2013)) evaluates the ACA using a calibrated life-cycle incomplete market
general equilibrium model. They consider several individual decisions such as health insurance, consump-
tion, saving, and labor supply, but they do not model firms’ decision of offering health insurance as well
as firm size distribution. Therefore, their model is not designed to address the effects of ACA on firms’ in-
surance coverage and wage offer decisions and the equilibrium effects of size-dependent employer mandate.
Mulligan| (2013), Gallen and Mulligan| (2013) and Mulligan| (2014) extensively investigated the various
labor market impacts of the ACA via its effect on marginal tax rates. We differ from this set of papers
by explicitly modeling health evolution and medical expenditures. [Handel, Hendel, and Whinston! (2015))
studies how regulated but competitive health insurance exchanges may affect the welfare of participants,
focusing on the trade-offs between the potential welfare loss from the adverse selection versus potential
welfare gains from premium reclassification insurance. They find that welfare benefits from reclassification
risk insurance is significantly larger than the loss from adverse selection when insurers can price based on
some health status information. Their paper focuses on the functioning of the health insurance exchange
and does not consider how the availability of the regulated exchange might impact the behavior of the
firms and subsequently affect the risk pools of the exchange itself.

Third, this paper is related to a large literature estimating equilibrium labor market search modelsE]
Van den Berg and Ridder| (1998) and Bontemps, Robin, and Van den Bergl (1999, [2000) empirically
implement Burdett and Mortensen| (1998))’s model. Hwang, Mortensen, and Reed| (1998) investigates in a
search model where workers have heterogenous preferences for non-wage amenities and firms endogenously
decide upon wages and non-wage amenity bundles to compete for workers. They use their model to show
that estimates of workers’ marginal willingness to pay for amenities, derived from the conventional hedonic
wage methodology, are biased in models with search frictions. These search-based empirical frameworks
of labor market have been widely applied in subsequent studies investigating the impact of various labor

17See [Eckstein and Wolpin| (1990) for a seminal study that initiated the literature.



market policies on labor market outcomes. Among this literature, our study is mostly related to Shephard
(2017)) and Meghir, Narita, and Robin| (2015)), which also allow for multi-dimensional job characteristics as
in our paper: wage and part-time/full-time in Shephard| (2017)), wage and formal /informal sector in Meghir,
Narita, and Robin (2015), and wage and health insurance offering in our paper. However, in Shephard
(2017) a firm’s job characteristics is assumed to be exogenous, while in our paper employers endogenously
choose job characteristics. In Meghir, Narita, and Robin| (2015) firms choose whether to enter the formal
or informal sectors so in some sense their job characteristics are also endogenously determined; however,
in Meghir, Narita, and Robin| (2015, workers are homogeneous so firms’ decision about which sector to
enter does not affect the composition of the types of workers they would attract. In contrast, in our model,
workers are heterogenous in their health, thus employers endogenously choose job characteristics, namely
wage and health insurance offering, by taking into account their influence on the initial composition of its
workforce as well as the subsequent worker turnover.

3 An Equilibrium of Model of Wage Determination and Health Insur-

ance Provision

3.1 The Environment

Consider a labor market with a continuum of firms with measure normalized to 1. There is a continuum
of workers whose demographic type is denoted by x € {1,2,...,N}. Let M, > 0 denote the measures of
workers with (permanent) demographic type x, with M = Z¥:1 M, denoting the total size of the workforce
relative to firms[T¥ Workers and firms are randomly matched in a frictional labor market. Time is discrete,
and indexed by t = 0, 1, E We use 8 € (0,1) to denote the discount factor for the workers.

Workers of demographic type x have constant relative risk aversion (CARA) preferencesﬂ E

() = 2N, M

Tx
where v, > 0 is the absolute risk aversion parameter for demographic type X@
Workers’ Health. Workers differ in their health status, denoted by h = (hi,hs) € H, where hy €

{H1, U} is the binary observed health status, and hy € {Ha, Ua} the binary unobserved health status, where
H. is interpreted to be healthier than U. (see Footnote[54] for details on how we convert the five self-reported

BThroughout the paper, we use “workers” and “firms” interchangeably with “individuals” and “employers,” respectively.

19Tn our empirical analysis, a “period” correponds to four months.

29Note that we assume that health states affect individual’s utility only through their impact on consumption via medical
expenditures. Considering the idenfication and estimation of a utility function specification that allows for the interaction of
health states and marginal utility of consumption is an interesting and important area for future research.

210ne can also specify the CRRA utility function, as opposed to the CARA utility function, which create additional income
effect for the demand of health insurance. We also experimented with the CRRA utility function and found that the main
results remain the same both qualitatively and quantitatively. The results are available upon request.

22In our model, we do not consider the joint labor supply decisions of couples (Dey and Flinn (2008)) as we assume that
male and female workers make individual labor market decisions; however, male and female workers are integrated in the
labor market because, as we will discuss in Section [3.3.4] firms consider their overall workforce including both male and
female workers in deciding their compensation packages. [Fang and Shephard| (2018b) explicitly consider the joint labor supply
decisions of couples.



health status to H; and Ul.)E| In our model, a worker’s health status has two effects. First, together with
the worker’s health insurance status, it affects the distribution of health expenditures. Specifically, we
model an individual’s distribution of medical expenditure m as follows. Let z € {0,1,2,3,4} denote an
individual #'s health insurance status where

0 if ¢ is uninsured,

if 4 is insured through his/her own ESHI,

if 4 is insured through an individual private insurance, (2)
if 4 is insured through Medicaid,

=W NN =

if ¢ is insured through spousal insurance.

The probability that an individual of demographic type x with health status h € H and health insurance
status x € {0, 1,2, 3,4} will experience a positive medical shock is given by:

Prm > 0] (x, h,2)]; (3)

And conditional on a positive medical shock, his/her medical expenditure is represented by a random
variable denoted by

m|(x, h,x) (4)

Note that in and , we allow both the individual’s health and health insurance status to affect the
medical expenditure distributions. In subsequent analysis, we will use 'fnf(h to denote the random medical
expenditure for individuals with health status h and health insurance status x as described by and ,
and use mg’éh to denote the expectation of fn;h.

Second, a worker’s health status may affect his/her productivity. Specifically, if an individual works
for a firm with productivity p, he/she produces d,p X p units of output under health status h € H. |f|

In each period, a worker’s health status changes stochastically according to a Markov Process. The
period-to-period transition of an individual’s health status depends on the demographic type x, and his/her

health insurance status z. Specifically, we use

e € (0,1) (5)

to denote the probability that a type-y worker’s health status changes from h’ € H to h € H conditional
on insurance status x; of course, >} 4 w;hh, =1 for each h' € H.

Firms. Firms are heterogeneous in their productivity. We assume that, in the population of firms, the
distribution of productivity is denoted by I'(+), and that it admits an everywhere continuous and positive
density function. In our empirical application, we specify I' to be log-normal with location parameter t,
and scale parameter o,,.

Firms, after observing their productivity, choose a package that consists of wage wyo € R4 and ESHI,
denoted by E € {0,1} where 1 (respectively, 0) denotes offering (not offering, respectively) ESHI. Note
that we allow that wage offer can depend on worker’s observed health status hy at the time of job entry,

23 As should be clear from our analysis below, our theoretical framework can allow for any finite number of health status.

The choice of having four health status is dictated by the sample size limitations.
240ne can alternatively assume that the productivity loss only occurs if an individual experiences a bad health shock.

Because an unhealthy worker is more likely to experience a bad health shock, such a formulation is equivalent to the one we
adopt in the paper.



denoted by hY. We assume that, even though the initial wage can depend on the observed health status at
the time of job entry, wage must be constant over the course of the employment.

If a firm offers health insurance to its workers, it has to incur a fized administrative cost C=0C+
orer, where C' > 0 and €7 has a Type-I extreme value distribution with zero mean, and oy is a scale
parameter. We assume that any firm that offers health insurance to its workers is self-insured, and it
pays insurance premiums for all of its workforce each period to cover the necessary reimbursement of their
expected health expenditures in addition to the administrative cost C

Remark 1. We allow workers’ wage to depend on their observable health at the time of job entry. While
still restrictive, it mnonetheless captures the idea that firms may want to screen workers based on workers’
observable health status, which may affect firm productivity. Once workers are hired, however, firms will
insure workers against their possible productivity changes, due to their health status change, by offering a
constant wage within the employment Telationshipﬁ In practice, the extent to which firms can condition
their wage offers to workers’ health status is also limited by government requlations, such as Health Insur-
ance Portability and Accountability Act (HIPAA) and Americans with Disabilities Act (ADA) as well as
their amendments, which restrict firms’ ability to condition hiring, firing, and compensation based on indi-
viduals health status. We capture these restrictions by assuming the presence of a component of unobserved
health status ho which firms cannot use in the wage oﬁersﬂ

Labor Market. Firms and workers are randomly matched in the labor market?®| We allow the match-
ing rate to be dependent on the worker’s demographic type x and health status h. In each period, an
unemployed worker randomly meets a firm with probability AXX® € (0,1). He/She then decides whether
to (1) accept the offer, or (2) to remain unemployed and search for jobs in next period. If an individ-
ual is employed, he/she meets randomly with another firm with probability AX® € (0,1). If a currently
employed worker receives an offer from another firm, he/she needs to decide whether to (1) accept the
outside offer, or (2) to stay with the current firm. An employed worker can also decide to return to the
unemployment pool Moreover, each match is destroyed exogenously with probability s ¢ (0,1), upon
which the worker will return to unemployment. As we discuss in Section we assume that individual

may experience both the exogenous job destruction and the arrival of the new job offer within in the same
periodm

25 As will be clear later, introducing a fixed administrative cost C facilitates the model’s ability to fit the empirical relationship

between the firm size and health insurance offering rate. In principle, firms should also be able to choose the workers’
contributions to the premium if they decide to offer ESHI. We abstract from this because we do not observe the premium
payments by the workers from the data.

26 Characterizing optimal wage contract, as in [Burdett and Coles| (2003) and [Lentz and Roys| (2015), is a very interesting
extension. It is important to mention that, even without health dynamics, the optimal wage contract can be an upward
wage-tenure profile, as highlighted by |[Burdett and Coles| (2003)). We decide to restrict the contract space as it is extremely

challenging to estimate such a model, particularly because we lack data about details of the wage contracts.

2THIPAA is an amendment of Employee Retirement Security Act (ERISA), which is a federal law that regulates issues
related to employee benefits in order to qualify for tax advantages. A description of HIPPA can be found at the Department
of Labor website: http://www.dol.gov/dol/topic/health-plans/portability.htm

28We choose the random search framework over the directed search because the random search will naturally generate a
pooling between healthy and unhealthy workers at each firm. This pooling feature is often considered as one of the rationalities
of relying on ESHI.

29Returning to unemployment may be a better option for a currently employed worker if his/her heath status changed from
when he/she accepted the current job offer, for example.

30This specification is used by [Wolpin| (1992)) and more recently by [Jolivet, Postel-Vinay, and Robin| (2006). This allows us
to account for transitions known as “job to unemployment, back to job” all occurring in a single period, as we observe in the



As we discuss below, in order to smooth the labor supply functions firms face, we assume that type-x
workers, whether unemployed or employed, receive preference shocks for working €,,, each period. We
assume that €,,, is identically and independently distributed across periods, drawn from a Normal dis-
tribution NV (0, in) . The introduction of preference shocks €y, plays several important roles. First, it
smooths the labor supply functions as a function of wages, as will be clear below. Second, this in turn
allows us to address the technical issue of mass points in the reservation wage distribution because of the
discreteness of the health states and demographic types (see, e.g., Albrecht and Axell (1984))@ Third, it
also implies that all firms, regardless of their productivity level, will be able to attract some positive mea-
sure of workers; together with the log-normal distributional assumption on the productivity distribution,
this allows us to rationalize all the wages observed in the data without having to introduce measurement
error.

To generate a steady state for the labor market, we assume that in each period a type-y individual,
regardless of health and employment status, will leave the labor market with probability p, € (0,1); an
equal measure of type-y newborns will enter the labor market as unemployed, and their initial health
status is h with probability u,, € (0,1) for h € H so that » y 5 s, = 1.

Pre-ACA Health Insurance System. In the baseline model, which is intended to represent the pre-
ACA U.S. health insurance system, we assume that workers can obtain health insurance from employers
as ESHI, individual health insurance, spousal health insurance, or Medicaid, as we specified in . We
now describe them in more details

For the private individual health insurance in the pre-ACA world, i.e., option 2 in , we assume that
the premium is based on perfect risk rating; namely, the premium, denoted by R!/(h,y), is equal to the
expected medical expenditure, multiplied by a loading factor@ Analogous to the preference shock we
introduced in the individuals’ work decisions, we also introduce a preference shock, €7, to individuals’
choice problem when they decide whether to purchase private individual health insurance. We assume that
€y 11 follows a Normal distribution NV (0, ai I I) . This preference shock allows us to smooth the employment
distribution over wage offers, which simplifies the characterization of the firms’ problem, as we will show
in Section [3.3.4]

We assume that spousal health insurance is offered with the probability fsp(x) € [0,1] to a type-x
uninsured individual if he/she is marriedﬁ Note that it is not available to single individuals. Moreover,
Medicaid is offered to individuals who do not have ESHI (whether from their own employer or from
their spouse’s) with probabilities f§,(x,v) € [0,1] and f}; (x), respectively for employed and unemployed
workers. This modeling assumption captures the essence that Medicaid eligibility depends crucially on
income y and demographic type ¥, especially the presence of childrenﬂ

Finally, we allow that the uninsured may be partially insured through uncompensated care or any other
social safety net, which we model as consumption floor me One important simplification is that, mainly

data.

31 An alternative to induce smooth labor supply functions is to introduce permanent unobserved heterogeneity, e.g., value
from leisure, drawn from a continuous distribution. Our formulation is simpler because it avoids the identification issues of
heterogeneity vs. state dependence in the dynamic discrete choice models (see |[Heckman| (1981))).

328ee Aizawa (2017) which studies the role of various other features of pre-ACA individual health insurance markets and
its interactions with the labor market.

33Note that we do not consider the joint household labor supply in this paper. See Fang and Shephard (2016) for such an
analysis.

34Note that we do not model the asset testing of Medicaid. This is an important area for future research.

35We would like to point out that in our model the consumption floor applies only to the uninsured who experience large
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due to the computational complexities, we do not model saving decisions, which may be a way to self
insure against medical expenditure risks[?|

Income Taxes. In the baseline model workers’ wages are subject to a nonlinear tax schedule, but the
ESHI premium is tax exempt. For the after-taz income T (y), we follow the specification in |[Kaplan| (2012])
which approximates the U.S. tax code byﬁ

1472

T(y) =
(v) To+T11+T2

(6)

where 79 > 0,71 > 0 and 79 < 0.

3.2 Timing in a Period

At the beginning of each period, we should imagine that individuals, who are heterogeneous in their
health status, are either unemployed or working for firms offering different combinations of wage and
health insurance packages. We now describe the explicit timing assumptions in a period that we use in the
derivation of the value functions in Section Our particular timing assumptions simplify our derivation,
but they are not crucial for the qualitative predictions of the model.

1. Type-x individual, whether employed or unemployed, and regardless of his/her health status, exits
the labor market (i.e., dies) with probability p, € (0,1);

2. If a type-x employed worker stays in the labor market and is matched with a firm with productivity
p, then:

(a) he/she produces output pd,y, if his/her health status is h € H;

(b) the firm pays the wage and pays for the expected health expenditure of its workers if it offers
ESHI,

(c) he/she receives a medical expenditure shock, the distribution of which depends on his/her
beginning-of-the-period health status;

he/she randomly meets with new employers with probability /\é‘h;
he/she then observes the realization of the health status that will be applicable next period;
a labor supply preference shock €,,, is drawn from N (O, in) ;

the current match is destroyed with probability ® € (0,1), in which case the worker must
decide, given the realization of €,,,, whether to accept the outside offer, if any, or to enter the

unemployment pool;

(h) if the current match is not destroyed, then he/she decides, given the realization of €,,,, whether

to accept the outside offer if any, to stay with the current firm, or to quit into unemployment.

medical expenses. In contrast, the consumption floor in [Hubbard, Skinner, and Zeldes| (1995|) and [French and Jones| (2011) is
available to everyone. See Footnote [80| for an extensive discussion.

36Lise| (2013) is an exception in that it includes consumption and saving margin in a similar empirical on-the-job search
model, although in his paper the firm-side is assumed to be exogenous. In a related work, [French, Jones, and von Gaudecker
(2017)) studies the impact of the ACA on saving, retirement, and welfare through the life-cycle model. They find that changes
in saving is modest, which may alleviate the concern about this omission, at least in our context.

3TRobin and Roux] (2002) also studied the impact of progressive income tax within the framework of [Burdett and Mortensen
(1998).

11



3. Any unemployed worker of type x experiences the following sequence of events in a period:

(a) he/she receives the “unemployment benefit” b;

(b) he/she receives a medical expenditure shock, the distribution of which depends on his beginning-
of-the-period health status;

c¢) he/she randomly meets with employers with probability )\ﬁh;

(
(d) he/she then observes the realization of the health status that will be applicable next period;
(

(

[§]

f

)
)
) a labor supply preference shock €y, is drawn from N (0, in) ;

) he/she decides, given the realization of €, whether to accept the offer if any, or to stay
unemployed.

4. If a type-x individual does not receive ESHI for the next period, then with probability fsp(x),
he/she will obtain health insurance from spouse with premium R (note, if individuals are single,
fsp(x) = 0). Note that he/she must take up this option.

5. If a type-x individual does not receive ESHI for the next period and does not receive spousal insurance
offers, then with probability ff,(x,v) or fi,;(x) depending on whether the individual is employed,
he/she receives the Medicaid coverage (z = 3).

6. If the individual is still uninsured, he/she will decide whether to purchase private individual health
insurance with price R/ (h, x). The decision to purchase private individual health insurance is affected
by the health insurance preference shock e, rr which is drawn from N (0, ai 1)

7. Time moves to the next period.

3.3 Analysis of the Model

In this section, we characterize the steady state equilibrium of the model. The analysis here is similar
to but generalizes that in [Burdett and Mortensen (1998). We first consider the decision problem faced
by a worker with observable health status h{ at the time of receiving a job offer (ﬁ;h?, E) , drawn from a
postulated distribution of wage and insurance packages by the firms, denoted by Fho (wh?, E), and derive
the steady state distribution of workers of different health status in unemployment and among firms with
different offers of wage and health insurance packages. We then solve the firms’ optimization problem and
provide the conditions for the postulated <Fh(1) (Wpo, E) : hY € {Hy, U1}> to be consistent with equilibrium.

3.3.1 Value Functions

We first introduce the notation for several valuation functions. We use v,n(y, ) to denote the expected
flow utility of type-x workers with health status h from income y and insurance status z; and it is given
by:

Ejuo, tix (max { (T(y) - mgh) ,QX}> ifz=0

ven(y,z) = { W (T (y,x)) if z € {1,3} -
(3:2) Uy (T (y,x) — RH(h,X)) ifx=2 @)
uX(T(y—RSP,X)) if x =4.

where u,, (-) is specified in ; T(y) is after-tax income as specified in @; and mgh is the random medical
expenditure for uninsured type-x individual as specified by and . Note that in @, we assume that
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when an individual is insured, i.e.,  # 0, his/her medical expenditures are fully covered by the insurance@
However, if an individual is uninsured, i.e., x = 0, he/she is partially insured through the consumption
floor ¢, when he/she experiences an extremely large medical expenditure.

Let Uyn(x) denote the value for an unemployed worker of type x with health status h and health
insurance status = € {0,2, 3,4} at the beginning of a period; and let Vxh(wh?,a:) denote the value function
of a type-x worker with current health status h who is employed on a job with wage Wyo (e.g., his/her
observable health at the initial entry to the job is h?) and whose insurance status is x € {0,1,2,3,4}.
Uyn (+) and Vip (-, -) are of course related recursively. U, is given by:

)‘gh f f max {Vxh’(wh’l s E)a Uxh’ + wa€w} dd (€w> th/l (’Lbhzl’E)
+(1 - )‘gh)Uxh’

Uxh(x)
1 —p,

(8)

= Uyh(bx, 7) + BEn|(h,2.x)

In @) f/xh/ (whfl , E) is the value from accepting a job offer with the wage-ESHI package (zf)h/o, E), which is
determined as:

Fsp(O)Viw (W, 4) + [L = fsp(x)] x i
~ ~ F51 06 @R )Vae (01, 3) + [1 = fi,(x, @nr)] X 1 if E= )

Viw (0py, B) = k )
X ( h ) maX{VXh/(whll,Q)+UX][€x][,VXh/(wh/1,0)}

View (s, 1) it E=1.

Uyp is the value from being the unemployed, unconditional on insurance status, in the end of this period
and it is given by:

Umn = [fsp()Uxn(4) +[1 = fsp(x)] x

Fir OOV (3) + [ = £, 00] % (10)
max {Uyn (2) + oxrréxrr, Uyn (0)} .

Note that, in , ® (-) is the cumulative distribution function for a standard Normal distribution €,, and
the expectation Ey/ |y 4,y) is taken with respect to the distribution of h' conditional on (h, z, x). states
that the value of being unemployed for a type-y individual with insurance status x, normalized by the
survival rate 1 — p, , consists of the flow payoff vy, (by, ), and the discounted expected continuation value
where the expectation is taken with respect to the health status h’ next period, whose transition is given by
Wih,h as described in 1) The unemployed worker may be matched with a firm with probability )\éh and

the firm’s offer <1I;h/1 , E) is drawn from the distribution F, B, (dzh/l , E) If an offer is received, the worker will

choose whether to accept the offer by comparing the value of being employed at that firm, f/xh/ (ﬁ)h/l , E),
and the value of remaining unemployed U,/ + 0ywéw; if no offer is received, which occurs with probability
1- )\gh, the worker’s continuation value is ﬁxh/. Thus, this formulation says that if the firm posts the
contract (ﬂ)hfl ,E), then the value delivered to the worker is Vxh’(wh’l E).
Similarly, Vxh(wh?,:c) is given by:
Vxh(wh?,x)

_ 7 11
N (11a)

+ B)\Xh (]' - 6Xh) Eh’\(h,z,x) |:// ma‘x{Vxh/(wh’17E)vvxh’(whng(I))vﬁxh’ +0Xw€w}dq> (€w)th/l (wh’lvE)j| (11b)
+5XhEh’\(h,z,X) [f f max {Vxhl (’lf)hll s E), UXh/ + waew} dd (Ew) th’ll (wh,l 5 E)]

+ B =A™ Ew (1,20

(1- 5Xh) [f max {Vxh’(wh‘fv E(x)), Uxh’ + O'Xw€w} d® (ew)} :| . (110)

+PT,

38This assumption is necessitated by the fact that we have no information about the details of the health insurance policy
in our main Survey of Income and Program Participation (SIPP) data.
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Expression (11)) consists of several components. The first component, (11a)), is the flow utility. The second

component, (11b)), is the expected value when receiving an on-the-job offer package Wy, E) drawn from

the distribution Fh’l (u?h/l , E). This component has two sub-components depending on whether or not the

current job is destroyed. If it is not destroyed, which occurs with probability 1 —6*®, the individual has the
option of accepting the new offer, staying with the current job, or quit into unemployment; on the other

hand, if the current job is destroyed, which occurs with probability 8, the individual has the option of
accepting the new offer, or quit into unemployment. Note that in the expression, F(z) denotes the ESHI
offering of the current employer for the employed worker whose insurance status is z, and it is determined

simply by:
Cfoo it z#1
E(z) = { 1 it z=1, (12)
and Vxh/(wh?,E (2)) and Uy are defined, respectively, in @) and . The third component is the
expected value when the worker does not receive an on-the-job offer. Note that in both and , we
used our timing assumption that a worker’s next-period health status depends on his/her insurance status
this period even if he/she is separated from the current job at the end of this period (see Section [3.2)).

3.3.2 Workers’ Optimal Strategies

In this subsection, we describe the workers’ optimal strategies. Note that in our model, both unemployed
and employed workers make decisions about whether to accept or reject an offer, and whether to purchase
individual health insurance, by comparing the value from different options. Their optimal decisions will
depend on their state variables, i.e., their employment status including the terms of their current offer

<wh(1), E) if they are employed, and their health status h, as well as the realized preference shocks (€y., €x17)-

Optimal Strategies for Unemployed Workers. From the value function for the unemployed worker,
as given by @} it is clear that a type-x worker with health status h will accept an offer (@Dhl, E’) if and
only if

Vxh(whlaE) 2 UXh + O xw€w

I ‘N/Xh(wfu ’ E) - Uxh

& ey < 2Py, F) = (13)

O xw

Thus, an unemployed worker with (x, h) will accept an offer (@hl,E) with probability ® (ngh(ﬁ)hl,f‘j))

If a worker remains unemployed at the end of the period with newly realized health status h, conditional
on not receiving spousal health insurance offering or Medicaid, his/her decision to purchase individual
health insurance, as described in , is characterized by:

Uxh(2) + OxIT€xIT > Uxh(O)
Uyn(2) — Uyn(0)

~yh _
S e <05 =
OxII

(14)

Thus, an unemployed with (, h) will purchase individual private health insurance with probability ® (f)&“h)

To summarize, let .fc;h denote the health insurance status of a worker who is unemployed at the
beginning of the next period. The probability that i’;h takes value x € {0,2,3,4} can be expressed as:

1 fspCOl[1— £ (00) (1 —® (337)) it =0

e ] Fee (0l A 00)® (37) it — 9
Pr (7 = 2! (1= fsr(x)) fir(x) if v =3 (15)
fsp(x) if x =4.
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Optimal Strategies for Currently-Employed Workers. From the value function for a type-y em-
ployed worker with health status h with insurance status = who is currently working on a job (w0, E(z)),
as given by , we see that he/she needs to decide whether to transition from the current job to a new
job <wh1,E> if he/she receives such an on-the-job offer, or quit into unemployment.

We first consider the job-to-job transition decision, which is captured by the comparison of f/xh(whl , E)

and Vxh(wh?, E(z)) in . The solution to this comparison is in the form of a reservation wage strategy.
A type-x worker with health status h currently employed on a job (wh?, E(x)) will switch to a job (i, , E)

only if wp, > th (wh?, E(:L’)) where wfh (whcl),E(x)> satisfies:

Ven(wyg, B@)) = Vi (i, (wngs B(2))  E). (16)
Equation implies that
i =wpo if E = E(z)
@fh (wh?,E(I)) > wpo if E=0& E(z)=1
<wj, if E=1& E(z)=0.

The reason that the above characterization of the employed workers’ job-to-job transition decision is “only
if” instead of “if and only if” is that they may choose to quit into unemployment, which we now consider.
For workers receiving the offer (ﬁ)hl,E), they will choose not to quit into unemployment if and only if

max {Vxh (ﬁ/hl , E) , Vxh(’whtl), E(JC))} > ﬁxh + Oxwew

mas { Vo (0, B, Ve B(2)) b = Oy

O xw

& ey < Zglll(whl,ﬁ,wh?,E(x)) = (17)

For individuals who do not received on-the-job offers, the decision to quit into unemployment is char-
acterized analogously. A type-x worker with health status h currently employed on a job <wh(1), E (m)), in
the absence of an on-the-job offer, will not quit into unemployment if

Vxh(wh?v E(x)) > Uyn + oxwew

Vxh(wh? ,E()) — Uyn

& e <29 (wy, B(x)) = (18)

O xw

Clearly, 2§2h(whc1),E(x)) is equal to 25 (@, E) where 7™ (dy, , E) is as given by (13).

mhlzwh?,E:E(l«)

It is useful to note that in our model, a worker may quit from a job that he/she previously accepted for
two reasons. First, quitting into unemployment could be due to a change in the worker’s health status; for
example, he/she may have accepted a job without health insurance previously when he/she was healthy,
but now he/she may prefer to be in unemployment waiting for a job with health insurance if his/her health
status changed to be unhealthy. Second, quitting into unemployment could also be induced by a labor
supply preference shock.

Next, we characterize the decision to purchase private individual health insurance for an employed
worker without ESHI, spousal health insurance or Medicaid, as described in @D It is clear that the worker
will purchase a private individual health insurance if and only if

Vin(wn,,2) + oxrrexir > Vin(wp,,0)
VXh(whp 2) - Vxh(wh1 ) O)

& eur < 0" (wp,) =
OxII
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This implies that an employed worker with (x, h) without access to ESHI, spousal insurance and Medicaid
will purchase individual private health insurance probability & (ﬁ?h(whl))

To summarize, let us use :i;h(wh(l), E) to denote the health insurance status of a worker who is employed

on a job with compensation package (wh?, E) at the beginning of the next period. If £ = 1, then his/her

health insurance status next period stays will be :E;h(wh(l), 1) = 1 with probability 1; if £ = 0, then the
probability that :Z";h(whcl), 0) takes value z € {0,1,2,3,4} can be expressed as:

(1= Fsp (0] [1 = Fii O wag)]| (1 =@ (2 (wyg)))  iF2 =0

Pr [f;h(who,O):l’] — [1_fSP(X)] 1—fzeVI(X:whfl)) @(ﬁgh(wh?)) ifx=2 ) (20)
' (1 = fsp (X)) fir (x; wng) if =3
fsp(X) if v =4

3.3.3 Steady State Condition

We now focus on the steady state of the dynamic equilibrium of the labor market described above. We
first describe the steady state equilibrium objects that we need to characterize and then provide the steady
state conditions.

In the steady state, we need to describe how workers with different demographic types x and health
status h are allocated in different employment status <wh(1),E) or in unemployment. Let uyn (z) denote
the measure of unemployed type-y workers with health status h € H and health insurance status x €
{0,2,3,4}; and let e;h denote the measure of employed type-y workers with health insurance status « and
health status h € H. Of course, for each y, we have

4
Dol 2 wa@) e | =My (21)
=0

heH \z€{0,2,3,4}

Let S;?h(w) be the fraction of employed type-y workers with health status h working on jobs with wage
no more than w and with insurance status = € {0, 1,2,3,4}; and let sih(w) be the corresponding den-
sity of S;h(w). Thus, e;hsih(w) is the density of type-x employed workers with health status h whose
compensation package is (w, F).

These objects would have to satisfy the steady state conditions for unemployment and for the allocations
of workers across firms with different productivity. First, let us consider the steady state condition for un-
employment. To do so, it is convenient to start with the characterization of the steady state unemployment
of type-x workers with health status h, unconditional on health insurance status, that is,

lyh = Z Uyh () .

z€{0,2,3,4}
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The inflow into iy, denoted by [dyn] ", is given by:

[ﬁxh}+ EMprtuxh (22&)
4

-0 Y {Zeim;hmxh =y xe [ [1—¢(zzh<wh1,é>)]dFm(whl,E)}} (22b)
h'eH (x=0

+(1-p0) Y {ﬂxw > o Pr[E, = 1] {1 e / @ (25", , B)) dFy, (mhl,pj)” (22¢)

h’#h z€{0,2,3,4}

+(1—py) i 33 et (1 PR // [1= @ (20 (@ny, Bywpg, E@)) )| dFn, (@0, , B)ASTy, (w,0) (22d)

x=0 h(fE'Hl h/eH

+<1—px>i oY e T (1= S (1= ) / [1- @ (25 (wyg, B@))) | 452y (wy)- (22¢)
z=0p0eH, h'eH

In the above expression, the term on line is the measure of new type-y workers born into health
status h; the term on line is the measure of employed type-y workers whose health status transitioned
from h’ to h this period, did not leave the labor market but had their jobs terminated exogenously, and
did not subsequently find a job that was better than being unemployed (either because he/she did not
receive an offer, or received an offer but it was not accepted). The term on line is the measure of
type-x unemployed workers whose health status was h’ last period but transitioned to h this period and
did not leave for employment. The terms on lines and are the measures of type-y workers
currently working on jobs with and without an on-the-job offer, respectively, quitting into unemployment.
To understand these expressions, consider the term on line . First, quitting into unemployment by
workers with an on-the-job offer occur only to those who actually received an on-the-job offer, denoted
by (@hl,E>, which occurs with probability )\é‘h,. Second, since the on-the-job offer (u?hl,E) is drawn
from Fy, (-, ), and the worker will quit into unemployment when he/she has the option of both the current
job (wh(l), E(a:)) and the new offer (ﬁ)hl,E) if and only if the labor supply preference shock ¢, exceeds

Zéclh (whl,E, Who, E(x)) as defined in . The term 1} is similarly constructed.

The outflow from unemployment of type-y workers with health status h, denoted by [@,n] ™ , is given
by:

- _ - - px+(1_px)2h’#hﬂ-§h’h
[Gyn]” = dyn Pr|zy, == { © h —~xh/ ~ = _ = . (23)
X X xe{§374} [ X ] +(1 = p ) [ @ (zq’f (whl,E)) dFy, (Wp,, E)

It states that a p, fraction of the type x unemployed with health status h will die and the remainder
(1 — px) will either change to health status h’ # h (with probability ﬂ;‘(h,h), or if their health does not

change (with probability 77;,;,) they may become employed with probability R (éffh(u?hl ) E)) dFy,, (i, , E).
Then, in a steady-state we must have

[iyn]T = [Gyn] ", for x € {1,...,N},h € H. (24)
Then, one can characterize u,n(x) simply by
Uyh () = TUyn Pr [i)“(h = 1 (25)

where Pr [i;h = x] is given by .
Now we provide the steady state equation for employed workers. We first characterize the inflow and
outflow of the employment density with the compensation package (wh(ly, E), denoted by éxh(whcl), E) where

E € {0,1} is ESHI offering. We will show later that we can easily derive eyn (wh?,:c> from éyn(wyo, E).
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We first consider the case in which workers’ current observable health status hy (of h) is the same as

Jr
that at the time of job entry, namely, h; = h{. Denote the inflow by [éxh(wh?, E)} , and it is given by:

4
+ ’ B
e (w0, B)] = (1= 00 32 Dt (@) 75 A i (g, B)® (22" (wyg, ) ) (26a)
h/eH =0
4
+1=p) | D Zw] SN fuy (wrg, E)® (2% (ng, E) ) (26D)
h/eH z=0

(26¢)

Y YOS

z=0n9" e, h'€H

+a-p) S S - el T st (wh?) o (z;ﬁ‘(wh?, E)) [1 et [1 — Fyn(wpo, E)H . (26d)
ze{#:E(#)=E} h'#h

(1- 6Xh/)e;:(h’7r;hh’>‘§h/fh1 (wh?7 E)
<P (g 5) ® (25 (@ugr E(@), wig, B) ) dSiy (y00)
1

wh(l)// S&Xh

where Mgh(-, -) in line 1' is as defined by , and Fxh(whfl), E) in line (26d) denotes that probability
that a received offer is less preferred than (whcl),E) for a type-y worker with health status h, and it is
defined as:

FXh(wh‘l’v E) = Fhy (wh(l’vE) + Fn, (Q;EE(wh‘faE)v 1- E) (27)

+
To understand expression [éxh(wh?, E)} , note that line (26a|) presents the inflows from unemployed type-x

workers with health status h to the job (whg, E); line @P represents the inflow from those whose current
matches were destroyed but transition to the job (wh?aE) without experiencing an unemployment spell
(recall our timing assumption 2(d) and 2(g) in Section [3.2)); line represents the inflows from type-x
workers who were employed on jobs whg,,, E(z") ) where h(l)” was the observable health at the time of entry

into that job, but switched to the job (’U}htl), E) as the health transitioned from h’ to h; and finally line (26d
is the inflow from workers who were employed on the same job but experienced a health transition from h’ to
h and yet did not transition to other better jobs, which occurs with probability 1 — )\é‘h [1 — Fxh(wh?, E)} ,

and did not quit into unemployment which occurs with probability ® (2;‘2}1 (wh?, E)) .

Now denote the outflow of type-xy workers with health status h from jobs <wh(1), E) by [éxh(wh?, E)} ,
and it is given by:

[éxh (whg,E)] -
€xh (whtl), E) Z Pr [f;h(wh?, E)= x}
ce{#:B(z)=E}
[PX +(1— PX)Wihh(sXh] +(1- PX);h/¢h Tyh'h
(1= py) T A (1= 60) [1 = Fun(wyg, B ()| . (28)

+(1=p) Tl — 6P [)\é‘hﬁxh(wh?, E(z)+ (1 - Agh)] [1 ~ 3 (z:fh (wh?, E(:c)))}

X

The outflow consists of (1) job losses due to death and exogenous job termination, as represented by
the term p, + (1 — px)ﬂihhéxh; (2) changes in current workers’ health status as represented by the term
(1-p,) Zh,;éh T h/h (3) transitions to other jobs, as represented by the term (1 - pX) ﬁihh)\é‘h(l -
Sy 11— Fyn(wypo, E(:z:))} ; and (4) quitting into unemployment (the last term in the curly bracket).
Next we provide the steady state equations for employed workers whose current observable health status
hy is not the same as that at the time of job entry, namely, h1 # h{. In this case, the inflow can only come

from the workers who is previously employed at a job with compensation package (wh?, E) whose health

status transitioned from h'(# h) to h and is at the same time not lured away to another job or quit into
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Jr
unemployment; thus the inflow of [éxh (wh?, E)} is given by:

~ 1€ (Whos E)Pr{ H(wpo, E)—x]
[exh(whg, E)} (1= py h%;h IG{MZ(Z o | [1 (4 XEh _X;Xh(fuh?,E))] (1h_ 5:11 ) (geg‘(wh?,E))
29a)

where Fxh(wh?, E) is defined as in . The outflow equation, {éxh (wh(l), E)] , however, is identical when
hy # hY as when h; = hY, thus is still represented by .
The steady state condition requires that, for all <wh?, E) in the support of Fy, (-,-), and for all x and

h €, we have:
[éxh (wh?, E)} . [éxh (wh?7 E)} - (30)

From the steady state values of é,1 (’U}htl), E) , we can recover the steady state values of e,n (whg, x) using the
following relationship:

exn (wng, @) = Pr |5 (whg, B) = 2] &xn(wng, B), (31)
where Pr {i;h(wh?,E) = x} is defined in and the text surrounding it.
From the employment densities, <ef<hs§h(whclj)> , we can define a few important terms related to firm size. First,
given <ef<hsf<h(whg)> , the number of type-x employees with health status h who joined the firm with a compensation
package (wh(l), E) is simply given by

Zze{:i:E(:i:):E} eihsih(wh?)
fhl (wh?a E) '

Nyh (wh(l),E> = (32)
where the numerator is the total density of workers with health status h on the job (wh?, E) and the denominator

is the total density of firms offering compensation package (wh?, E).
Thus, if a firm offers a compensation package (Wh?, E) = (wy,,wy,, E), its total size in the steady state will be

rex T XSX (’wo)
ot B) =3 3 S (g B) =30 30 5 TSI @

X hfeH, heH X hfeH,heH

given by:

Expressions and allow us to connect the firm sizes in steady state as a function of the entire distribution of
employed workers <exh (wh?,x> cxe{1,2,...,N},hY € Hi,he H,z € {0,1,... ,4}> . Notice that the preference
shocks €., in workers’ labor supply decisions we introduced in our model smooth the labor supply functions n(-, E)
as a function of wages wyo.

3.3.4 Firm’s Optimization Problem

A firm with a given productivity p decides what compensation package (W{fl ,E) = (wIEI1 , w[E]1 , E) to offer, taken
as given the aggregate distribution of compensation packages Fp, (wp,, E) = (Fu, (wm,, E), Fu, (wy,, E)). As we
discussed in Section [3] we assume that, before the firms make this decision, they each receive an i.i.d draw of a fized
administrative cost C = C+ o r€er where C' > 0 and ¢; has a Type-I Extreme Value distribution with zero mean and
oy is a scale parameter@ We assume that the o ye shock a firm receives is permanent and it is separable from firm
proﬁtsm

Given the realization of C, each firm chooses (W;L?,E) to maximize the steady-state flow profit inclusive of the
administrative costs. It is useful to think of the firm’s problem as a two-stage problem. First, it decides on the wage

39 Alternatively, we can interpret C as a fixed administrative cost and ose; as an employer’s idiosyncratic preference for
offering health insurance.
49These shocks allow us to smooth the insurance provision decision of the firms.
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that maximizes the deterministic part of the profits for a given insurance choice; and second, it maximizes over the
insurance choices by comparing the shock-inclusive profits with or without offering health insurance. Specifically,
the firm’s problem is as follows:

max{Ily(p), 111 (p) — o rer}, (34)

where Iy (p) and Iy (p) are the firm’s expected steady state profit flow with F = 0 and E = 1 respectively, and they
are given by:

o(p) = {wgr{njaj)(% }H (wl,,wi,, E =0) = ;h(;{ };{ [pdxh - (1+47p) wg?} Nxh (w?L?,O) ; (35)
1 1 7 1
I (p) = { max }H (wy, ,wi, , E=1) = Z Z Z [pdxh —(1+47p) w}l? - mih} Nyh (w,ll?, 1) —C,(36)
Wi Wiy X h?e?—[l heH

where 7, is the payroll tax rate imposed on firms. To understand the expressions , note that

Nyh (wgo,O) is the measure of type-x employees with health status h who joined the firm with initial
1
compensation package (wgo,E = 0) that the firm will have in the steady state, as described by .
1
Thus, [pdxh — (14 7p) wgg} Nyh (wg(l), 0) is the firm’s steady-state after-tax flow profit from type-y em-

ployees with health status h who joined the firm with initial compensation package (wgg, b= O). The
expressions can be similarly understood after recalling that mih is the expected medical expenditure
of type-x worker with health status h and health insurance as defined by and . Note that in ,
the payroll tax is only assessed on wages, but not on the ESHI premium mih, reflecting the tax exemption
status of ESHI premium in the benchmark economy@ E For future reference, we will denote the solutions
to problems and respectively as w;;g (p) and w;:é (p) ﬂ Note that in problems 1’ and , the
firms are restricted to offer compensation packages that do not depend on workers’ family characteristics
or the unobservable component of their health status, a restriction that we discussed and motivated in
Section [3l

Due to the assumption that ey is drawn from i.i.d. Type-I Extreme Value distribution with zero mean,
firms’ optimization problem thus implies that the probability that a firm with productivity p offers
health insurance to its workers is

A ) e (31)
p)= )
exp(HH2) 4 exp(Te2))

where Il (p) and II; (p) are respectively defined in and (36).

Equations , and clarifies the determinants of ESHI provisions in our model. Importantly,
the cost of ESHI provision is endogenous, depending on the type of workers firms will be able to attract
and retain. Moreover, the ESHI provision affects workers’ composition by influencing their health status,
which in turn affects the productivity of workers. We will further clarify these interactions in Section [4]

“1Tn reality, there is a cap on the social security portion of the payroll tax. The linear specification ignores this, but we
believe this simplification will have little impact to our results because our focus on relatively les-skilled workers in this paper.

42n Section we will study the impact of removing the tax exemption status of ESHI premiums from the U.S. tax
code.

43Note that [Bontemps, Robin, and Van den Berg (1999, 2000) prove theoretically that firms use pure strategy wage offers
in Burdett and Mortensen| (1998 model with continuous firm heterogeneiy, in stead of the mixed strategy in their model with
homogenous or discrete productivity type.
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3.4 Steady State Equilibrium

A steady state equilibrium is a list of objects, for all ¥ and h € H,

< (23 (@0, B). wh, (@, B(2)) 2 (@ny, By g, B(@)), 25" (wpg, B (@), 5", 02" () ) >
(wxn (@) € S2(wn) ) s (Wi (0), Wik () A (8))  Fo, (w0, ) |

such that the following conditions hold:

e (Worker Optimization) Given Fj,, (wp,, E), for each y and h € H,

— an unemployed type-x worker with health status h will
* accept a job offer (wp,, F) if and only if €y, < Effh(wh(l), E), as described by ;

* purchase individual health insurance if and only if €,;; < f){fh, as described by , if
he/she does not receive spousal health insurance and Medicaid.

— if a type-x worker with health status h who is currently employed at a job (wh(l),E> receives
an on-the-job offer (u?hl,E) , he/she will:

* switch to job (u?hl,E'> if and only if wp, > MXEh (wh?,E(x)> and ey < Z h(whl,E Wpo, E(x)),
as described by and ;
* quit into unemployment if €,,, > 2;‘1]“ (ﬂ)hl,E s Who, E(x)), as described by ;

x stay at the current job (whg), E) , otherwise.

— if a type-x worker with health status h who is currently employed at a job (’U}htl),E) does
not receive an on-the-job offer, he/she will stay at the current job instead of quitting into
unemployment if and only if €, < 2;‘211 (wpo, E (2)), as described by .

— A type-x worker with health status h employed on a job (wp,, E = 0) will purchase private
individual health insurance if and only if €, ;7 < 17§<h(wh1), as described by , if he/she does
not receive spousal health insurance and Medicaid.

e (Steady State Worker Distribution) Given Fj,, (wp,, E) and workers’ optimizing behavior de-
scribed by (Zgh(whnE)?ffh (whpE(x)) ) éclh(whlaE who E( ))7 226211(wh(1)a E ($)), 171>fh> ﬁgh(whl) )
(uxh (z)  Exh> S;gh(whl)) satisfy the steady state conditions described by , , and ;

e (Firm Optimization) Given Fj,, (wp,, F) and the steady state employee sizes implied by
(Uxh (z) ,ef{h,Sih(whl)» a firm with productivity p chooses to offer health insurance with prob-
ability A (p) where A (p) is given by (37). Moreover, conditional on insurance choice E, the firm

offers a wage W*E (p) that solves and respectively for £ € {0,1}.

e (Equilibrium Consistency) The postulated distributions of offered compensation packages are
consistent with the firms’ optimizing behavior (WZE (p),A (p)) . Specifically, Fy, (wp,, F) must sat-
isfy, for each hy € {H1,U1},

Fun (1) = /Ooouw;;} (b) < w)A(p)dT(p), (38)

Fun (w,,0) = /0 T 1w () < w)[1 - A)] dT(p). (39)
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To discuss the existence and the uniqueness of equilibrium, first we refer to [Bontemps, Robin, and
Van den Berg (1999| 2000), which is an extension of |Burdett and Mortensen| (1998]) with continuous firm
productivity and continuous worker heterogeneity. They show equilibrium existence under some paramet-
ric assumptions; they moreover show that, as long as worker’s reservation wage is uniquely determined,
equilibrium wage offer distribution is uniquely determined. Our model has two additional complexities
relative to theirs. First, because of the introduction of multi-dimensional compensation package and the
heterogenous worker preference on the contract, we cannot analytically characterize the steady state worker
distribution. Second, allowing health insurance effect on health can be thought as a form of general human
capital training, and provisions of ESHI by one firm may lower the cost of providing ESHI by other firms.
This externality effect can be a potential source of equilibrium multiplicity. However, as we show below,
most of the workers in our sample are healthy; as a result, the impact of this externality will be limited.
Because of these complexities, we need to rely on numerical approaches to discuss the existence and the
uniqueness. Throughout extensive numerical simulations, we always find a unique equilibrium for our

baseline empirical model using our solution algorithm.

3.5 Empirical Specifications

So far, we described our model in as much generality as possible. The empirical model we implement
requires some additional parametric assumptions.

First, in the empirical model, the demographic vector x we consider is based on gender (Male vs. Fe-
male), marital status (Married vs. Single), and children status (Has Children vs. No Children); specifically,
the demographic vector x belongs to one of the following seven types: (i) single men; (ii) married men
without children; (iii) married men with children; (iv) single women without children; (v) single women
with children; (vi) married women without children; (vii) married women with children@

Second, we will proxy the observable component of the health status by the individual’s self-reported
health status. We interpret the unobserved health component as a persistent characteristic that affects
medical expenditures. We provide the details of how we estimate the unobserved health component hs in
Section[6 Moreover, in the empirical model, we restrict the health insurance to affect only the transition of
the observed health component h{, with the transition described by , and that the unobserved component
of health is time invariant.

Remark 2. To estimate the health transition, we assume that the observed health component follows the
equation while the unobserved health component is the time invariant. As we will discuss in Section
the health economics literature tends to find that the health insurance status affects the dynamics of
self-reported health status, which is the measure underlying our observed health component. They also report
that the impact of health insurance on certain health measures (e.g., blood pressure and cholesterol) are not
statistically significant. Based on these findings in the literature, we take a conservative approach that only
observed health component is affected by the health insurance status. In addition, it is important to note
that one can relax the assumption that the unobserved health component is time invariant as long as we
have a long panel data. We believe that this assumption is less crucial given that the literature estimating

the unobserved medical expenditure shocks tends to find that it is very persistentﬁ

4We do not condition on the presence of children for single men mainly because the sample size of single men with children
is very small.
45Gee [French and Jones| (2011); [French, Jones, and von Gaudecker| (2017) and references there in.
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Third, in our general model (see ), the insurance status x can take values from {0,1,2,3,4} where
0 indicates no insurance, and the other values indicate different sources of insurance. We will define the

pay)=4 0 =0 (40)
1 if ze{1,2,3,4)

insurance indicator & as:

where £ = 0 indicates “uninsured” and Z = 1 indicates “insured.” In the empirical specification, we assume
that medical expenditure distributions and the health improvement effect depend on z only through z.
Moreover, we parametrize the medical expenditure process specified by and as:

D (Shye ) seon @ L {h =k, & =3} + Gy 1 {h = Ua})
h,% =L
1+ exp (Zﬁle{Hl,Ul},fce{O,l} amyl {hl =hi, = x} + Cimy L {ha = Ug})

Pr[m > 0| (x,h,2)] = ;o (41)

And conditional on a positive medical shock, we assume that the realization of his/her medical expenditure
is drawn from a log-normal distribution specified as follows:

m’(Xahri.) ~ €xXp Z /Bﬁnl)g%l {hl :ﬁlvi:i’}—i_ngxl{hQ :U2}+6§h1 (42)
hi€{H1,U1 },&€{0,1}

where eihl ~ N(0, O’i%l). We report our estimates of the medical expenditure process for adults in Table
[6]l We also treat the medical expenditure process for the adult and the child separately. We assume that

the medical expenditure process of the child just depends on insurance status@

x
xhh’?

any insured status (i.e., z = 1,2, 3,4), i.e., it only depends on & (z) ; moreover, it depends on demographic

Due to data limitations, we also assume that the health insurance effect on health, w is identical for

type x only via gender. We henceforth denote it by Wihh/ for z € {0,1}.

Remark 3. Note that these specifications assume that the source of insurance coverage does not affect
medical expenditure distribution or the health insurance transition. These assumptions are necessitated by
the sample size limitations. Some sources of coverage, particularly, individual private insurance, have a
very small sample size. In principle with larger samples one can relax this assumption and estimate the

processes separately by insurance status.

Fourth, in the general model we describe above, we allowed several structural parameters, such as the
offer arrival rates )\zh, )\é(h and job destruction rates 6X®, to be (x, h) specific; in the empirical model we
impose the following parsimonious specifications on these parameters:

b exp [Auo + Au1l(h1 = Uy) + Ay21(FEMALE) + A\,31(HASCHILDREN) + Ay 4 1(MARRIED)] (43)
“ 1+ exp [Awo + M11(h1 = Up) + A2 1(FEMALE) + Ay31(HASCHILDREN) + Ayq1(MARRIED)]’
b exp [Aeo + Ae1l(h1 = Ur) + Ae21(FEMALE) + Ac31(HASCHILDREN) + Aeq1(MARRIED)] (44)
€ 14 exp [Aeo + Ae1l(h1 = Uy) + Ae21(FEMALE) + Ae31(HASCHILDREN) + Aeq 1(MARRIED)]’
exp [dg + 011(hy = Uy) 4+ 021(FEMALE) 4 631(HASCHILDREN) + 041(MARRIED)]
1+ exp[dp + 011(hy = Uy) + §21(FEMALE) + §31(HASCHILDREN) + 0,1(MARRIED)|

s

(45)

The above specifications allow the possibility that the observed health component impacts the labor market
frictions, possibly capturing the idea that the unhealthy individuals can spend less time looking for jobs
or exert less efforts to retain the current jobs.

46We assume that the total medical expenditure of individual with child is the sum of the adult’s own medical expenditure
and the children’s medical expenditure. If individuals are married, we assume that they need to pay just a half of medical
expenditure (and the health insurance premium) of their children.
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Fifth, we similarly assume that the productivity effect of health is channeled through observed health
component and constant for all demographic types x; that is, we specify that

I = { dn B = (16)
1if hy = H;.

Specifications , , and assume that the unobserved health component does not directly
affect the worker’s labor market parameters, even though it affects their medical expenditures. One reason
for these restrictions is the difficulty of identifying these parameters if they are unrestricted. In addition,
we also believe that these restrictions are plausible, at least in our context, given the recent finding by
Blundell, Britton, Dias, and Frenchl (2017) that self-reported health status is the single most important
indicator of individual health status to predict his/her labor market outcomes (e.g., employment).

Sixth, in our empirical model we allow that the “unemployment benefits” b, to freely vary by de-
mographic type x. However, we assume that risk aversion v, vary only by gender. Also, for simplicity
we assume that (oyw, oyrr, QX) do not vary by demographic type x. We also model, if a worker does not
have access to his/her own or spousal ESHI, the probabilities of Medicaid eligibility f§;(x,y) for employed
workers and f},(x) for unemployed workers, take the following forms respectively:

exp [a%,o1(HASCHILDREN) + af,; 1(NOCHILDREN) + o,y + o 512
1 + exp [a8,,1(HASCHILDREN) + af ; 1(NOCHILDREN) + o oy + o 4y?]’
exp [, 1(HASCHILDREN) + o ; 1(NOCHILDREN)]

" _ , 4
Ji1(0) 1+ exp [a%,1(HASCHILDREN) + a ; 1(NOCHILDREN)] (48)

I (xy) (47)

Finally, we specify that in the pre-ACA benchmark the individual private insurance premium is perfectly
risk-rated by individuals demographic x and health type h, and it is determined by

RII(h7X) = (1 + fII)miha (49)

where £;; > 0 is the loading factor in the pre-ACA individual private insurance market.

4 Qualitative Assessment of the Model

We present numerical simulation results using parameter estimates that we will report in Section [7]| to
illustrate how our model can generate the positive correlations among wage, health insurance and firm size

we discussed in the introduction.

4.1 Numerical Simulations

In Column (1) of Table |1} labeled “Benchmark”, we report the main implications obtained from our
benchmark model using parameter estimates that we report in Section It shows that our baseline
model is able to replicate the positive correlations among health insurance coverage rate, average wage,
and employer size. It shows that 48.0% of the firms with fewer than 50 workers will offer ESHI, which is
lower than the 93.5% ESHI offering rate for firms with 50 or more workers; and the average four-month
wages for workers with own ESHI is $10,700 in contrast to $7,980 for workers without their own ESHI.
Moreover, it also generates the empirically consistent prediction that the average observed health status of
the employees with ESHI is relatively better than that of the uninsured: the fraction that are observably
unhealthy is 5.5% and 5.8%, respectively, for those with ESHI and those who are uninsuredE]

4TNote that individuals with unhealthy observed health component among the employed without ESHI tend to obtain other
insurances. This selection improves the observed health composition of the uninsured.
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[Insert Table [If About Here]

In Table 2] we use the estimates from Section [7] to shed light on the detailed mechanisms for why in
our model more productive firms have stronger incentives to offer health insurance than less productive
firms. For this purpose, we simulate the health composition of the workforce for the firms with the bottom
20% and the top 20% of productivity in our discretized (with 150 grid points) productivity distribution.
Panel A (i.e., Row 1) of Table [2| shows that, in the steady state, the fraction of unhealthy workers based
on the observed health in low and high productivity firms that offer ESHI are respectively 5.58% and
5.11%; in contrast, the fraction of unhealthy workers in low and high productivity firms that do not offer
ESHI are respectively 7.03% and 5.70%@ Thus, high productivity firms tend to have more observably
healthy workers, regardless of whether or not they provide health insurance. This arises in our model partly
because observably healthy workers, both employed and unemployed, receive offers at a higher probability
than unhealthy workers, thus they are more likely to climb up to the job ladder toward high productivity
firms. In contrast, we observe a substantial degree of adverse selection on the unobserved component of the
health: for any level of firm productivity, the fraction of workers who are unhealthy in unobservable health
component is higher if a firm offers ESHI than if it does not, though the difference is much more modest
for high productivity firms. This result occurs because in our model we do not allow firms to post wage
offers conditional on their unobservable health component and that the unobservable health component is
a permanent health type. In Panels B-D, we disentangle the advantage of high-productivity firms relative
to low-productivity firms in offering health insurance into three components: (1). the adverse selection
effect among new hires; (2). the health improvement effect of health insurance; (3). the retention effect.

In Panel B (i.e., Row 2), we illustrate that the adverse selection from offering health insurance in
terms of the fraction of unhealthy on unobserved health component among the new hires is less severe for
high-productivity firms than for low-productivity firms. Specifically, we show that, in the low-productivity
firms, the fraction of unobservably unhealthy among the new hires — including those hired directly from
the unemployment pool and those poached from other firms (i.e., job-to-job switchers) — is 45.30% if they
offer health insurance and 42.40% if they do not; in contrast, in the high-productivity firms the fraction
of unhealthy is 39.53% if they offer health insurance, which is virtually identical to the case if they do not
offer health insurance (40.32%)@ Thus, the new hires attracted to low-productivity firms that offer health
insurance are indeed somewhat unhealthier, which is manifestation of adverse selection; but importantly,
the new hires to high-productivity firms are significantly healthier than those to the low-productivity firms.
This reflects the following facts: high-productivity firms offering health insurance can at the same time
offer higher wages; in contrast, low-productivity firms can only offer low wages if they were to offer health
insurance. As a result, high productivity firms can poach a larger fraction of healthy workers from a much
wider range of firms. Note that in this model the initial selection based on observed health component is
not a crucial source of adverse selection because firms are allowed to condition their wage offers on workers’
observed health component.

[Insert Table [2| About Here]

In Panel C, we show that the adverse selection effect that a firm offering health insurance suffers in
terms of the unobserved health component of their new hires can be mitigated by the positive effect of

48The same patterns hold conditional on the demographic type x. They are available upon request from the authors.

49Using estimates in Panel C of Table EI, we can calculate the fraction with unhealthy unobserved component in the
population to be about 48.46%, which is much higher than the fraction with unhealthy observed component in the population,
which is 7.7% (see Panel B of Table .
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health insurance on the improvement of observed health component. In Row 3, we show that, if those
new hires stay at the same firms for nine-periods (3 years), those hired at firms offering ESHI would be
significantly healthier than those in firms not offering ESHI. Then, in Panel D we show that the positive
effect of health insurance on health, which leads to increased productivity of the workers, is better captured
by high productivity ﬁrmsF_G] It shows that the job-to-job transition rate for workers in high-productivity
firms, regardless of their health status, is significantly lower than that in low-productivity firms. Thus in
our model, high-productivity firms enjoy several advantages in offering health insurance to their workers
relative to low-productivity firms: first, they face less severe adverse selection problem among the new hires;
second, they are more likely to retain their workers as their observable health component is improved by
insurance, which allows them to capture the increased productivity from the health improvement effect of
health insurance as well as the reduction in the expected health care cost.

4.2 Comparative Statics

In Columns (2)-(5) of Table |I| we also present some comparative statics result to shed light on the
effects of different parameters on the equilibrium features of our model. These also provide some insights
on how different parameters may be identified in our empirical estimation.

Fixed Administrative Cost of Offering Health Insurance. In Column (2) of Table[l] we investigate
the effect of the fixed administrative cost C' on health insurance offering rate, by setting it to 0 as supposed
to the estimated value of C' = 0.275 (i.e., $2,750 per 4 months) as reported in Table Comparing
the results in Column (2) with the benchmark results in Column (1), we find that lowering the fixed
administrative cost of offering health insurance affects mainly the coverage rate for small firms; and its
effect on the insurance offering rate of large firms is much smaller. Moreover, it does not affect much of
the other outcomes. Although we still have a positive correlation between firm size and health insurance
offering rate (due to other effects we illustrated in Table [2)) when C' = 0 instead of the estimated value,
the ESHI offering rate for firms with fewer than 50 workers will increase from 48.0% to 51.6%.

Health Insurance Effect on Health. In Column (3), we shut down the effect of health insurance on the
dynamics of the observed health status by assuming that health transition process for the insured, i.e. when
x €{1,2,3,4}, is the same as that of the uninsured, ﬂ'iﬁv/)h = Wg)(h/h for all (h, h’) and for all demographic
type X@ Column (3) of Table [1{ shows that the fraction of large firms offering health insurance decrease
significantly when ﬂig)h is set to be equal to th/hi the fraction of firms with 50 or more workers that
offer health insurance decreases from 93.5% in the benchmark to 61.9% when ﬂif,)h = ﬂgh,h. Moreover,

this change significantly reduces the positive correlation between wage and health insurance. Therefore,
the health insurance effect on health substantially affects the relationship among insurance offering rates,
wages, and employer size in our model. Absent the health improvement effect of health insurance, the
overall uninsured rate in the economy also significantly increases to 31.5%, from 21.3% in the benchmark.

5ONote that if the arrival rate of job offer for the employed for the healthy individuals are significantly higher than healthy
individuals, then having more healthy individuals may lead to the higher turnover. However, this effect will work mainly for
the low productivity firms, as workers in high productivity firms are less likley to find a better job.

51We also obtain similar qualitative result in the opposite scenario, where health transition of the uninsured is set to be
()

equal to that estimated for the insured, i.e., ﬂ‘?(h,h =T hh-
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The reason why large firms are more likely not to offer health insurance when Tyh'h = 7T(>)<h,h can be

understood as follows. When wf((hl;)h = W?(h/h, i.e., when health insurance provision does not influence the
dynamics of worker’s observable health status (which affects worker productivity), the health composition
of a firm’s workforce is fully determined by health composition of the workers at the time they accept
the offer. The high productivity firms no longer enjoys the extra benefit from the increase in worker

productivity resulting from their advantage in retaining their workers (see Panel D of Table .

Risk Aversion. In Column (4) of Table [1| we simulate the effect on the equilibrium when we reduce
the CARA coefficient from the estimated values of 3.71E-4 for male and 4.88E-4 for females in Table [§] to
half of their respective estimated values. A 50 percent reduction in CARA coefficients lead to a significant
reduction in the health insurance offering rate for both small and large firms, but particularly so for firms
with more than 50 workers. The health insurance offering rate on average decreases from 52.5% in the
benchmark to 40.9%; it decreases from 48.0% to 37.9% for firms with less than 50 workers, and it decreases
from 93.5% to 62.6% for firms with 50 or more workers. Not surprisingly, the overall uninsured rate goes
up substantially to 34.9%, in contrast to 21.3% in the benchmark. Interestingly, when workers have lower
risk aversion, the average wages firms will pay in equilibrium increase substantially, and particularly so
for firms that do not offer health insurance. The average four-month wage for workers with own ESHI
increases by 2.5 percent from $10,700 to $10,970, while it increases by 20 percent from $7,980 to $9,580
for employed workers without own ESHI. The reason is that, when workers are less risk averse, it is less
effective for firms to compete for workers by offering health insurance (which allows the firms to capture the

risk premium), and as a result wages become the more important instrument for firms to attract workers.

Effects of Health on Productivity and Labor Market Frictions. In Column (5) of Table [1| we
investigate the productivity effect of health by changing di;, from their estimated values reported in Table
to 1.00; This eliminates the negative productivity effect of bad health. In Column (6) we additionally set
the labor market friction parameters (Aﬁh/, /\gh’, 5Xh/) for the workers with unhealthy observable component
to be the same as those with healthy observable component. Columns (5) and (6) show that the absence of
the negative productivity effect of bad health leads to a substantial reduction in the ESHI offering rates of
large firms relative to that in the benchmark. The fraction of firms with 50 or more workers offering ESHI
decreases from 93.5% in the benchmark to 63.6% when the effects of health on productivity and labor
market frictions are removed. The reason is that, in the benchmark when bad health reduces productivity,
the large firms, which tend to retain workers longer as shown in Panel D of Table[2] have stronger incentive
than smaller firms to improve the health of their workforce in order to raise the expected flow proﬁt@ We
also find that an increase in dy, to 1 increases firms’ wage offers in general due to the overall productivity
improvement.

Eliminating Adverse Selection In Column (7) of Table 1} we investigate the impact of shutting down
the adverse selection effect. In this column we report simulation results for an environment in which the

unobservable health component of all workers is set to be healthy; i.e., there is no heterogeneity in the

52In addition, note that firms’ productivity and the productivity effect of health are complementary in the production
function. This gives high productivity firms additional incentives to offer ESHI to maintain their workers’ health. This
supermodularity feature of the production function amplifies the retention effect and health insurance effect of health discussed
in the text.
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unobserved health component. This essentially eliminates the adverse selection effect. We find that the
eliminating adverse selection substantially increases the firm’s provision of health insurance offering rate,
particularly among small firms, from 48.0% in the benchmark to 54.3%. Thus, the adverse selection channel
can be important to understand why small firms do not offer health insurance.

5 Data Sets

In this section, we describe our data sets and sample selection. In order to estimate the model, it is
ideal to use employee-employer matched dataset which contains information about worker’s labor market
outcome and its dynamics, health, medical expenditure, and health insurance, and firm’s insurance coverage
rate and size. Unfortunately, such a data set does not exist in the U.S. Instead, we combine three separate
data sets for our estimation: (1) Survey of Income and Program participation (2004 Panel); (2) Medical
Expenditure Panel Survey (2001-2007); and (3) Kaiser Family Employer Health Insurance Benefit Survey
(2004-2007).

5.1 Survey of Income and Program Participation

Our main dataset for individual labor market outcome, health, and health insurance is 2004 Panel of
Survey of Income Program Participation (hereafter, SIPP 2004)@ SIPP 2004 interviews individuals every
four months up to twelve times, so that an individual may be interviewed over a four-year period. It consists
of two parts: (1) core module, and (2) topical module. The core module, which is based on interviews
in each wave, contains detailed monthly information regarding individuals’ demographic characteristics
and labor force activity, including earnings, number of weeks worked, average hours worked, employment
status, as well as whether the individual changed jobs during each month of the survey period. In addition,
information for health insurance status is recorded in each wave; it also specifies the source of insurance so
we know whether it is an employment-based insurance, a private individual insurance, or Medicaid, and
we also know whether it is obtained through the individual’s own or the spouse’s employer. The topical
module contains yearly information about the worker and his/her family member’s self reported health
status and out-of-pocket medical expenditure at interview waves 3 and GFEI

Sample Selection Criterion. In order to have an estimation sample that is somewhat homogeneous
in skills as we assume in our model, we restrict our sample to individuals whose ages are between 26-46.
In addition, we only keep individuals who are not in school, not self-employed, do not work in the public
sector, do not currently receive Social Security income, do not engage in the military, and have health
insurance status that belongs to one of those categories defined in our model. We restrict our samples
to individuals who are at most high school graduates. Finally we drop top and bottom 3% of salaried
workers. Our final estimation sample that meets all of the above selection criterion consists of a total of
11,271 individuals.

53SIPP 2004 Panel is available at: https://www.census.gov/programs-surveys/sipp/data/2004-panel.html

54In both SIPP and MEPS, we use the self-reported health status to construct whether the individual is Healthy or Unhealthy
based on the observed health. The self-reported health status has five categories. We categorize “Excellent”, “Very Good”,
and “Good” as Healthy, and “Fair” and “Poor” as Unhealthy.
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5.2 Medical Expenditure Panel Survey (MEPS)

The weakness of using SIPP data for our research is the lack of information for total medical expen-
diture. To obtain the information, we use Medical Expenditure Panel Survey (hereafter, MEPS). We use
its Household Component (HC), which interviews individuals every half year up to five times, so that
an individual may be interviewed over a two-and-a-half-year period{f] Medical expenditure is recorded
at annual frequency. Several health status related variables are recorded in each wave. Moreover, health
insurance status is recorded at monthly level. We use the same sample selection criteria as SIPP 2004.
As discussed later, we need to exploit the panel structure of the data to estimate the medical expenditure
process. For this purpose, we use years of MEPS data between 2001 and 2007 to maintain enough samples.
The sample size is 23,840.

5.3 Kaiser Family Employer Health Insurance Benefit Survey

In addition, we also need information for employer size and associated health insurance offering rate,
which is not available from the worker-side data. The data source we use is 2004-2007 Kaiser Family
Employer Health Insurance Benefit Survey (hereafter, Kaiser). It is a national survey of public and
private firms, containing information about firm’s characteristics such as industry, firm size, and employees’
demographics, as well as information about health insurance offering, health insurance plans, employees’
eligibility and enrollment in health plans, and the plan type. We restrict the sample to firms which belong
to the private sector and have at least three employees. The final sample size is 18,782.

5.4 Summary Statistics

Table [3] reports the summary statistics of the key variables in the 2004 SIPP data. In Panel A, we
report the distribution of health insurance status for the overall sample, and for subsamples defined by
gender, marital status and whether the individual has children. In the overall sample, 24.7% of individuals
are uninsured; roughly 65% have ESHI, either through own (51%) or through their spouses’ (13.7%). The
fraction of individuals with individual insurance is remarkably small: only 2% of individuals own individual
coverage. This fact reflects that most individuals owning individual health insurance coverage under the
pre-ACA economy are self-employed, who are excluded from our analysis. This pattern of insurance status
distribution holds in the subsamples; the only exception is the singles subsample where the fraction of
uninsured is much higher at 32.5%, mostly because they do not have the option of obtaining spousal
ESHI. In Panel B, we report the fraction of individuals with healthy observed health component in each
insurance status. It shows that the fraction of individuals with healthy observed health component among
those with either own or spousal ESHI is higher than that among the uninsured or among those with
Medicaid. In Panel C, we report the average four-month wage (in $10,000) of individuals in each health
insurance status@ It shows, as we described in the introduction, that individuals who have ESHI tend to
receive higher wages than those who are uninsured or are insured by Medicaid. The last row of Table
reports the employment rates. The employment rates are quite high: 94% for the overall sample, but there
are small variations across the subsamples. These descriptive statistics suggest that there is a systematic
pattern regarding health, health insurance status, and labor market status.

[Insert Table |3| About Here]

S*MEPS HC is publicly available at http://www.meps.ahrq.gov.
56We normalize the wages and medical expenditures to 2007 dollars.
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In Table {4}, we report the comparison of summary statistics for the individuals in MEPS 2001-2007 and
those in SIPP 2004. The fractions of workers with healthy observables are somewhat lower in MEPS than
in SIPP. The fractions of uninsured are higher in MEPS than in SIPP. We also report the average medical
expenditure by insurance status and observed health component in the MEPS data. It shows that the
average medical expenditure is about $2,180 for the overall sample; but the average medical expenditure
is much higher among those with insurance and with unhealthy observed health component at $7,080, and
much lower among those without insurance and with healthy observed health component at $680. Our
estimates of the medical expenditure process in Section will confirm these differences |

[Insert Table 4] About Here]

In Table [5| we provide the summary statistics for our firm-side data set, Kaiser 2004-2007. It shows
that large firms are much more likely to offer ESHI than smaller firms. 56% of the firms with less than 50
workers offer health insurance, in contrast to 93% of the firms with 50 or more workers. Firms that offer
ESHI average about 30 workers, while those that do not offer ESHI average about 8 workers. Although
Kaiser does not provide the detailed wage information, they report the quantile of wages among employed
workers. It is shown that firms offering health insurance consist of a larger portion of higher wage workers@
Therefore, although we restrict samples to relatively unskilled workers in SIPP, the compensation patterns
seem to be quite consistent between the worker-side and firm-side data sets.

[Insert Table |5 About Here]

6 Estimation Strategy

In this section we present our strategy to structurally estimate our baseline model using the datasets
we described above. We estimate parameters regarding health transitions and medical expenditure dis-
tribution without using the model. The remaining parameters are estimated via a generalized method of
moments where moments come from different data sources. We construct worker-side moments such as the
cross-sectional distribution of health insurance coverages and wages, as well as individuals’ labor market
transitions from the SIPP data; and we construct firm-side moments such as the firm size distribution and
firms’ ESHI offering rates conditional on their size from the Kaiser data. Loosely speaking, the parameters
are chosen to best fit the data from both sides of labor markets. This is the main difference from the
existing estimation procedure for related models used in |[Bontemps, Robin, and Van den Berg| (1999, 2000)
and Shephard| (2017)), where model parameters are chosen to fit worker-side data aloneﬂ As a result, we

5"We do not observe total medical expenditures in the SIPP data, thus preventing us from comparing the MEPS and SIPP

sample on the statistics related to the medical expenditures.

58This pattern is also confirmed in other data sets, such as 1996 Robert Wood Johnson Employer Based Health Insurance
Survey. See our previous working papers (Aizawa and Fang (2013} 2015))) which used this dataset.

59Consequently they can estimate productivity distribution nonparametrically so that the model’s prediction of workers’
wage distribution perfectly fits with the data. Specifically, in Bontemps, Robin, and Van den Bergj (1999, 2000) and [Shephard
(2017)), worker-side parameters are estimated from the likelihood function of individual labor market transitions. Then, firm
productivity distribution is estimated to perfectly fit wage distribution observed from the worker side by utilizing the theoretical
relationship between wage offer and firm productivity implied from the model. Note that one can still apply semiparametric
multi-step estimation to fit both worker and employer side moments if one has access to employee-employer matched panel
data. For example, [Postel-Vinay and Robin| (2002) and |Cahuc, Postel-Vinay, and Robin| (2006 nonparametrically estimate
worker’s sampling distribution of job offer from each firm to match observed wage distribution. Given the estimated sampling
distribution, they then estimate productivity distribution of firms to perfectly fit the employer-size distribution.
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assume a parametric specification of the productivity distribution and it is estimated, jointly with other
parameters, to fit both the wage and firm size distributions. Specifically, as we mentioned in Section
we specify that the productivity distribution is given by a lognormal distribution with location and scale
parameters /i, and o, respectively.

In our empirical application, the model period is set to be four months, driven by the fact that we can
only observe the transition of health insurance status at four-month intervals in the SIPP data. In this
paper, we do not try to estimate 8 but set 8 = 0.99 so that annual interest rate is about 3%@ Moreover,
we set the exogenous death rate p, to be 0.001 for any demographic typeﬁ We also set the distribution
of demographic type M, /M directly from the SIPP dataﬁ

We assume that all new-born workers have the healthy observed health component@ However, we set
the distribution of the new-born workers’ unobserved health component to be equal to the steady state
distribution of the unobserved health types, which we calculate based on the estimates of our first-step
(see below for details) based on medical expenditure distributions. In the estimation, we also set the
spousal insurance premium R to be equal to the average medical expenditure of individuals who have
spousal insurance in the data, and set the probability of being offered spousal insurance, fsp(x), to be
the proportion of the married opposite gender who have ESHI in the data@ Finally, the after-tax income
schedule @ is estimated by using the same approach as Kaplan| (2012), i.e., 79 = 565.584, 71 = 2.863 and
To = —0.153ﬁ We also set that firm’s payroll tax rate as 7, = 0.0765.

6.1 First Step

In Step 1 we estimate parameters determining individuals’ medical expenditure distributions and
health transitions. The parameters related to the health expenditure distributions include, for each
hi € {H1,U1},2 € {0,1},x (only by gender), of the parameters (a,’%;f,{lmx) which characterize the

my
distribution of medical expenditures as specified in . They are estimated by GMM using the MEPS
data. We also estimate the health transitions Wihh, as in without explicitly using the model.

probability of receiving a medical shock in , and the parameters (Bhl’f Comys aii) for the log-normal

Specifically, for each hy € {Hy,U1},4& € {0,1} and y, we construct five moments, namely, the mean
and variance of the medical expenditures, the fraction of individuals with zero medical expenditure, the
fraction of individuals with zero medical expenditures in both years, and the covariance of the medical
expenditures over the two years. We include the latter two dynamic moments to identify the effect of the
time invariant unobserved health status he € {Hs,Us} on medical expenditures@ We classify individuals
into four categories based on observed health component, h; € {H;,U;}, and observed insurance coverage

60 It is known from [Flinn and Heckman| (1982) that it is difficult to separately identify the discount factor 8 from the flow
unemployed income b in standard search models.

51This roughly matches the average 4-month death rate in the age range of 26-46, which is the sample of individuals we
include in our estimation.

52The magnitude of M, the measure of workers relative to firms, will be estimated and it is reported in Table @

53In the previous versions of this paper, we estimated the model allowing that the proportion of new born healthy individuals
may be less than 1. We always find that it is very close to 1, which leads us to choose this normalization.

64 Although these number are fixed in the estimation, we allow them to be endogenously adjusted when we solve the new

equilibrium in our counterfactrual analyses in Section 8]

55We estimate the after-tax income schedule parameters based on annual income, and then adjust the schedule appropriately
to apply to four-month incomes in our model environemnt (see Online Appendix [E| for details).

56Note that we cannot directly implement the standard linear fixed effect panel regression because the unobserved type
affects the overall medical expenditure nonlinearly: it affects the probability of positive expenditure and the realization of
positive medical expenditure.
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status & € {0,1} m @ Then, we fit the theoretical moments, which are derived from our model with
periods consisting of four-months, with empirical moments at the annual levelﬂ Importantly, equation
includes the unobserved health component hy € {Hs,Us} that econometrician does not observe from
the data. In estimating the medical expenditure process , we deal with the selection of the unobserved
health component as follows. We let Pr(hy = Us| (h1t, #t),1 5, x) depend on the individual’s observed

characteristics {(hlt, £t>t:1,2 ,x} such that it varies by both first- and second-year insurance and health
status in the panel as well as the observed demographic types. In particular, we specify that the the
probability of ho = Us takes the following Logit form, by demographic type x (which we only include
gender due to data limitations):

Pr(h2 = U2|{h1ta-%t}§:1’X)
= exXp (Oésox + as1y Et 1 (hlt = Hl) + sy Zt 1 (it - 1) + Qisax Zt L (‘%t AL e Hl)) (50)
1+ exp (ovsox + a1y 2oy 1(hae = Hi) + o2y 30, 1 (@ = 1) + sy 30, 1(&8 = 1 A hyy = Hy))

where {hlt,:f;t}le are respectively the individual’s first- and second-year annual-level observed health
component and the health insurance status. We estimate the parameters in jointly with all the other
medical expenditure parameters[’]

Note that, we do not directly use the estimate of Pr(he = Us| (h1t, ¥t),—1 5, x) in the later estimation.
Instead, from this estimate, we calculate the unconditional proportion of the population with unhealthy
unobserved component, Pr(hy = Us), by integrating over the joint distribution of <<h1t,$t>t:172a X) ob-
served in the data. The unconditional distribution is used as an input to calculate the steady-state worker
distribution in our equilibrium modelﬂ We then verify how well our model is able to account for the
selection based on the unobserved health componentm

We estimate the parameters in health transition matrix Tri WAL described in 1} and further parametrized
in Section [3.5] using the 2004 SIPP data based on maximum likelihood. The key issue we need to deal
with is that our model period is four-months; and while we can observe health insurance status each period
(every four months), we observe health status only every three periods (a year). We deal with this issues as
follows, separately by demographic type x. Let Z; € {0,1} be a type-x worker’s insurance status at period
t, and let hy; € H1 and hi¢43 € Hi denote respectively the worker’s observed health component in period
t and t + 3 (when it is next measured), the likelihood of observing hi413 € H; conditional on Zy, T4y1, 42

5"The details of the classification are provided in Appendix

58We assume that the observed health component and health insurance status stay fixed in the year, which is necessitated
by the difficulty in measuring the exact timing of the health care spending as related to the health and health insurance status.
An alternative strategy is to use the subsample of individuals whose health and insurance status are unchanged within each
year. One drawback of this alternative approach is that it will result in an extremely small estimation sample; in particular,
this approach significantly reduces the samples whose health and insurance status change across years, which is the key source
of variation to construct the covariance moments.

59The weighting matrix we use is the diagonal elements of inverse of variance-covariance matrix of sample moments.

"Instead of relying on exclusion restrictions to address the selection on unobserved health component, our identification
of the distribution of the unobserved health component relies on the panel structure of the data, akin to the fixed effect

regression.

"I The medical expenditure process of the children is estimated with three conditional moments, the mean and variance
of the medical expenditures conditional on the expenditures being positive, and the fraction of children with zero medical
expenditure for each Z € {0,1}.

As we will discuss in Section an important reason that we do not directly use the estimates of Pr(he =
Us|{h1t, &+ }7—1, x) in the second-step estimation is is that they are not directly comparable to the steady-state distribution in

our equilibrium.
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and hy; € H1 can be written out explicitly using the Law of Total Probability:

N ~ ~ Zt+1 $t+2
Pr(h1t+3|l‘t’ Lt+1; Tt+2, hlt’ Z Z Xh11+1h11 Xh1t+2hlt+17TXhlt+5hlt+2 (51)
hit+2€H hitp1€H

We use them to formulate the log-likelihood of observed data, which records the health transition every

three perlods as a function of one-period health transition parameters as captured by 7% Yhih! for z € {0,1},

as in in our modelm

6.2 Second Step

In the second step, we estimate the remaining parameters 0 = (61,02) where 67 =
<7X, bX,)\ﬁh,)\é‘h,(sxh,ffh(x,y),f}&(x),axn,gn,axw,gQ are parameters that affect worker-side dynam-
ics, and 6y = <C, du,, M, py,, 0, 0 f> are the additional parameters that are mostly relevant to the firm-side
moments. First, we discuss the identification of these parameters. Then, we explain how to use the actual

data variation to estimate these parameters.

6.2.1 Identification

Our model is an extension of the standard Burdett and Mortensen| (1998) model whose identification
is extensively discussed in the literature (e.g., Bontemps, Robin, and Van den Berg| (1999, 2000)). In this
section, we heuristically discuss the identification of the additional parameters related to health and health
insurance, both on the worker and firm sides, that are not present in Burdett and Mortensen! (1998]).

We first discuss the sources of variations in the data that can identify the worker-side parameters re-
lated to the health insurance choices of workers, which include the CARA risk aversion parameters 7,,
the consumption floor ¢, , the loading factor for individual insurance §;; [as in ], the standard devia-
tion of preference shock to obtaining individual insurance o, and the Medicaid eligibility probabilities
(f3r0G ), fir(x)) - First, the CARA risk aversion parameter v, determines the value of health insurance,
which will determine the overall uninsured rate. The consumption floor ¢, will also affect the demand
for insurance, but mainly for low income individuals. Thus, the insurance coverage rates by income (e.g.,
wage variations between insured and insured) and employment provide the source of variation to separately
identify v, and ¢, . The loading factor parameter {;; mainly affects the demand of the pre-ACA individual
private insurance relative to other insurance options, for a given level of risk aversion. Thus, the fraction of
individuals holding individual private insurance among the overall insured population is informative about
&77- For the standard deviation of the preference shock on having individual insurance o,r7, note that
it regulates the smoothness of the relationship between income and individual insurance coverage, which
provides the source of variation to identify oys;. Finally, the function of Medicaid offer rates f5,(x,v)
and f};(x) are identified off the proportions of Medicaid enrollees across demographic types, income, and
employment status.

The firm-side parameters related to the health and health insurance provisions include the parameter
that measure productivity effect of health d,, , firms’ mean administrative cost of offering health insurance
C together with the scale parameter of the administrative cost shock o [as in (34))]. The identification of
the productivity effect of health d,, is mainly due to the fact that it is directly related to firms’ wage offer:

3 Although our estimation procedure for the health impact of health insurance is more restrictive than randomized or quasi-
randomized experiments used in some of the recent health literature, our estimates turn out to be largely consistent with those
in the literature, as we will review in Section @
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as can be seen from firm’s profit function in and , wage offers depend on the workers’ observed
health component at the initial entry. Thus, if workers’ observed health component were persistent and
unhealthy individuals are less productive, they would receive lower wages. The variation of wages across
observed health status is therefore informative about the productivity effect of health. The parameters
C and oy are mainly identified off the relationship between the firm size and health insurance offering
probability from the firm-side data. Specifically, the mean of the administrative cost C is identified from
the the probability (in level) of small firms offering health insurance; the scale parameter o is identified
off the relationship between the probability of offering health insurance and firm productivity (and thus
firm size).

Finally, we discuss the identification of remaining parameters, which include the parameters measuring
the labor market friction (AX®, A\X §X1) "the variance of the preference shock to work (oy.,), flow “income”
when in unemployment (b, ), and firm productivity distribution parameters (,up,ap). First, the labor
market friction parameters, /\gh,/\é‘h and & are identified off the the labor market transitions from
the worker-side data. Note that, compared with the standard labor search model, we additionally have
preference shock to work, which also affect the worker transition. The exclusion restriction to separately
identify oy, from ()\ﬁh, )\é‘h, 5Xh) is the assumption that the preference shock to work is independent of
firms’ characteristics. To see this, note from Egs. —, endogenous quits induced by the preference
shock depend on employee’s current wage and ESHI status. Thus, by using the variation of labor market
transition by previous employers’ contract, one can separately identify these parameters. Finally, similar to
other labor search models, the flow “income” in unemployment (b,) and the firm productivity distribution
parameters (up, ap) are identified off the observed wage and firm size distributions.

6.2.2 Estimation

Our objective function is based on the GMM which consists of the worker-side data from the SIPP and
the firm-side data from Kaiser. Specifically, let the targeted moments be

(52)

m; — E[my; 0]

M(6) = [mw—E[mw;B] ]

where m,, is a vector of worker-side moments and my is a vector of firm-side moments, details of which
are described below.

Then, we construct an objective function as

min M(6) WM(). (53)

where the weighting matrix W is a diagonal matrix of inverse of variance of corresponding moment@ Let

M(0) = E[a/gg,e)}, the gradient matrix of the moment conditions with respect to the parameters evaluated
at the true parameter values and Q = E[M(0)M(0)'], the variance-covariance matrix of the moment
condition. As in Petrin (2002), we first assume that €2 takes block diagonal matrix because different
moments come from different sampling processes. The asymptotic variance of \/n (é — 0) is then given
by

[M(6) WM(6)] " M(6) WQWM() [M(6) WM(6)] ",

which we use to calculate the standard errors of the parameter estimates.

"We do not use the optimal weight matrix because of its potentially poor small-sample properties, as suggested by [Altonji
and Segall (1996)).
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Worker-Side Moments. Motivated by our discussion about identification in the beginning of this sub-

section, we incorporate the following worker-side moments m,, constructed from SIPP:

Mean wages among the employed jointly by health insurance status, observed health status, and

demographic types;

Variances of wages among the employed by health insurance status, observed health status and
demographic types;

Distribution of health insurance status among the employed by observed health status and demo-
graphic types;

Distribution of health insurance status among the unemployed by observed health status and demo-
graphic types;

Unemployment-employment transition rates by observed health statusﬂ
Unemployment-employment transition rates by ESHI/No-ESHI status of new jobs;
Unemployment-employment transition rates by demographic types;
Employment-unemployment transition rates by observed health status and ESHI/No-ESHI jobs
Employment-unemployment transition rates by demographic types;

Job—to-job transition rates by observed health status and the ESHI/No-ESHI status of previous and

new jobs;

Job—to-job transition rates by demographic types and the ESHI/No-ESHI of the previous jobs.

Employer-Side Moments. In our estimation, we also require that our model’s predictions match the

following employer-side moments my constructed from the Kaiser data:

Mean firm size;

Fraction of firms with less than 50 workers;

Health insurance coverage rate among firms with less than 10 workers;
Health insurance coverage rate among firms with 10-30 workers;
Health insurance coverage rate among firms with 30-50 workers;

Health insurance coverage rate among firms with more than 50 workers.

"®Note that we do not condition on the finer cells of ESHI offering status-health-demographic types. The reason is that the

number of observably unheathy individuals can be too small if we also condition on other individual characteristics.
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7 Estimation Results

7.1 Parameter Estimates

Parameters Estimated in the First Step. Tables [6] and [7] respectively report the step 1 parameter
estimates for the medical expenditure processes as described by and , and the health transitions as
described by . The estimated coefficients imply that unhealthy individuals and individuals with health
insurance tend to be more likely to experience medical shocks. Moreover, conditional on experiencing
medical shocks, the medical expenditure realizations for the unhealthy individuals and individuals with
health insurance tend to have higher means and higher variances. Quantitatively, both the observed and

unobserved health components significantly impact the means and variances of medical expenditures.
[Insert Table 6| About Here]

In Table [7] we report the parameter estimate for the transition matrix for the observed health compo-
nent, by gender and health insurance status. For the most part, the parameter estimates for the health
transitions are consistent with the notion that there is a significant health insurance effect on the dynamics
of observable health component. Specifically, our estimates indicate that W; HiH > 77?< 1, H,» Which implies
that workers with health insurance is more likely to stay in the observable healthy component than those
without health insurance. Similarly, we find that W;Ul U, < 7T())(U1 v,» which implies that workers with health
insurance are more likely to transition out of the observed unhealthy status to healthy.

[Insert Table [7] About Here]

It is useful to note that our estimates of the effect of health insurance on observed (self-reported) health
are consistent with the experimental evidence found in |[Finkelstein, Taubman, Wright, Bernstein, Gruber,
Newhouse, Allen, Baicker, and the Oregon Health Study Group| (2012), where they use the randomized
control design as a result of the allocation of Medicaid insurance by lottery to over-subscribers in Oregon
in 2008. They found that one year after being randomly allocated Medicaid insurance increases the proba-
bility that people self report “Good” or “Excellent” health (compared with “Fair” or “Poor” health) by 25
percent, and increases the probability of not screening positive for depression by 10 percent. The findings
about the positive effect of insurance on self-reported physical and mental health persist after two years de-
spite the finding in [Baicker, Taubman, Allen, Bernstein, Gruber, Newhouse, Schneider, Wright, Zaslavsky,
Finkelstein, and the Oregon Health Study Group (2013) that Medicaid has no statistically significant effect

on measured blood pressure and cholesterol approximately two years after the experimentm

Parameters Estimated in the Second Step. Table [§ reports the parameter estimates from step 2,
which consist of 6 = <'yX, by, )\ﬁh, /\§h, oxh IarOo6y), (00, oxrrs &1 wa72x> and 0y
= <dxh, C, M, p,,0p,0 f>. Panel A reports the parameters that are related to the labor market frictions.
We find that the offer arrival rate for an unemployed worker \X® is 0.504 (= exp (0.016) /[1 + exp(0.016)])
for single men without children who is observably healthy. This estimate implies that on average it takes
about 7.9 months for such an unemployed individual to receive an offer. However, we also find that there
is a large heterogeneity of arrival rates. Specifically, we find that individuals whose observed health com-
ponent is unhealthy or who is female tend to have much lower arrival rate of job offers; on the other hand,

"0 Also see [Courtemanche and Zapata| (2014) for similar evidence from Massachusetts health reform. |Levy and Meltzer
(2008)) provides a comprehensive survey on the previous literature that examined the health effect of health insurance.
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married individuals, and individuals with children tend to have somewhat higher offer arrival rate while
unemployed. We also find that the offer arrival rates for employed workers, /\é‘h, are about 0.20 for single
men without children who is observably healthy. This implies that on average it takes about 19 months for
such a currently employed worker to receive an outside offerm We also find that the on-the-job offer arrival
rate tends to be lower for workers whose observable health component is unhealthy or who is female, and
somewhat higher for married individuals and individuals with children. Also in Panel A, our estimates for
the probability of exogenous job destruction, X! imply that there is a 5.4% probability in a four-month
period for a job to be exogenously terminated for single men without children who is observably healthy.
But we also find that unhealthy individuals have a higher job destruction rate, indicating that bad health
significantly lowers the worker’s ability to continue working the job. The exogenous job destruction rates
are lower for females, the married and those with children.

[Insert Table |§] About Here]

In Panel B, we report our estimate of CARA coefficients v, .. Note that we only allow the risk aversion
to vary by gender. We estimate that the CARA coefficient is about 3.71E-4 (recalling that our unit is
in $10,000) for males and 4.88E-4 for females. Using the four-month average wages for employed workers
reported in Table |3] which is about $10,610 for males and $8,050 for females, our estimated CARA coeffi-
cients imply relative risk aversions of about 3.50 for males and 6.06 for females. These are squarely in the
range of estimates of CARA and Relative Risk Aversion coefficients in the literature (see Cohen and Einav
(2007) for a summary of such estimates), and they are also consistent with the findings by others that
women tend to be more risk averse than men in the western economies (see, e.g., Barsky, Juster, Kimball,
and Shapiro| (1997) for survey evidence, and Levin, Snyder, and Chapman| (1988) and Borghans, Golsteyn,
Heckman, and Meijers| (2009)) for experimental evidence that women are more risk averse than men).

In Panel C, we report our estimated values for the “monetary income” received while in unemployment
b, for demographic group x. We find that the magnitude of b, is small overall for all groups, and it ranges
from $170 to $220 for four months. The relatively small estimates of b, suggests that a large fraction
of the UI benefits is probably expensed for job search or other psychological costs associated with being
unemployed.

In Panel D, we report our estimates of the standard deviations of the preference shocks to work, oy,
and the preference shocks to private insurance, o,7;. Our estimates indicate that there is a substantial
variation in the preference shock to work, and that the standard deviation of the preference shock to
purchase private insurance is much smaller.

In Panel E, we report our estimates of what we will refer to as the firm-side parameters. We find that
there is substantial productivity loss for workers with unhealthy observable component: the productivity of
an unhealthy worker (those who self-reported health is “Poor” or “Fair”), dyy,, is about 0.40, which implies

"Dey and Flinn| (2005) estimated that the mean wait between contacts for the unemployed is about 3.25 months, while
the a contact between a new potential employer and a currently employed individual occurs about every 19 months. The
differences for the contact rate for the unemployed between our paper and Dey and Flinn| (2005) could be due to the fact
that a period is four months in our paper while it is a week in |Dey and Flinn| (2005). An unemployed individual in both the
first month and the fifth month will be considered as being in a continuous unemployment spell, though at weekly frequency
he could have been matched with some firms inbetween. This may lead us to a lower estimate for the contact rate for the
unemployed. Another possibility is the differences in the sample selection: our sample includes only individuals with no more
than high school degree, while |Dey and Flinn| (2005)’s sample has at least a high school degree.
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that there is a 60 percent productivity loss for unhealthy workers relative to healthy Workersm Moreover,
we find that the mean of the administration cost for firms to offer ESHI, C, is about $2,750 per four
month, i.e., about $13,200 per year. We estimate that the smoothing parameter of the fixed cost of offering
ESHI, o, as specified in , is estimated to be about $1,500, which is of a similar magnitude as the
estimate of C. We estimate that the scale and shape parameters of the lognormal productivity distribution
are respectively —0.288 and 0.579, which implies that the mean (4-month) productivity of firms is about
$8,864. The fact that the mean accepted four-month wages in our sample are on average $9,530 (see
Table [3)) is largely due to the fact that more productive firms attract more workers in the steady state as
our model implies. Our estimate of the loading factor in individual insurance market is £;; = 0.69, which
implies that the predicted medical loss ratio, the ratio of the claim cost over the premium, is about to
0.60[™

Finally in Panel F, we report the estimates of remaining parameters. In order to fit the average firm
size, our estimate of M, the ratio between workers and firms, is about 21.44. This estimate is about the
same as the average establishment size of 21.02 reported in Table Because of the preference shock to
work we introduced in our model, all firms in our model regardless of their productivity will attract some

workers in equilibrium. Our estimate of the consumption floor ¢, is very modest at about $50 for four-

X
monthsﬂ We also estimate that, for both the employed and the unemployed, individuals with children are
more likely to be eligible for Medicaid; and in addition, for the employed, individuals with lower income

are more likely to be eligible for Medicaid.

7.2 Within-Sample Goodness of Fit

In this section, we examine the within-sample goodness of fit of our estimates by comparing the model
predictions with their data counterparts. Tables report the model fits for medical expenditure in the
first step. Table [J] focuses on the cross-sectional fit for medical expenditures, for adults by gender, and
by observable health status and health insurance status, and for children by health insurance status. The
table shows that our parameter estimates fit the data on the conditional means and variances very well; we
also accurately replicate the fraction of individuals with zero medical expenditures conditional, both for
adults and for children. Table [L0] focuses on the within-individual dynamics of medical expenditures. For
this exercise, we exploit the panel feature of MEPS data. For different combinations of observable health
component and health insurance status in the two year panel, we present the model fit for the covariance

of positive medical expenditure across the two years and the fraction of individuals with zero expenditure

"8 There is a vast literature examining whether healthy workers have higher productivity using different methods and different
data. Most papers share the findings that healthier individuals are more productive. For a thorough survey on the relationships
between health and productivity, see Tompa) (2002).

™ Quantitatively, this prediction is consistent with the finding in|Cicala, Lieber, and Marone| (2017) that the median medical
loss ratio in the individual health insurance markets between 2005-2009 was close to 0.70. They also find that the median
medical loss ratio threshold among states with some regulation was only 0.65.

89The estimates of consumption floor is clearly model specific, and depend on what goverment programs are already included
in the analysis. For example, |De Nardi, French, and Jones| (2010) estimate a consumption floor of $2,663 (in 1998 dollars) per
year in their life-cycle model of elderly savings, but they argue that this includes the value of the Medicaid coverage for the
elderly. We explicitly include Medicaid in our analysis so our estimate of the “consumption floor” for the uninsured is more
narrowly focused on emergency care, for example, and thus lower. Similarly, French, Jones, and von Gaudecker| (2017)) argued
that their estimate of the consumption floor likely captures “the medically needy pathway for Medicaid, debt removal through
bankruptcy, or debt forgiveness by hospitals.”
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in both years. It is shown that we fit all the conditional moments well 1]

Table [L1] reports the fit for the annual transitions of the observable health component, by gender and
health insurance status. Recall that, in the SIPP data the self-reported health is surveyed annually and
the insurance status is surveyed every four months. For simplicity, in Table [L1] we show the model fit for
individuals who were either continuously insured or continuously uninsured throughout the year. It shows
that our model fits the data very well. For both males and females, it captured the pattern that insured
workers are more likely to transition to be healthy (in observed health component); but the effect of health

insurance in improving health is much more pronounced for females than for males.
[Insert Table [11] About Here]

Tables [12] and [13] report the model fit for the worker-side moments. In Table we show that the
model fits reasonably well the cross-sectional distribution of the employed (Panel A) and the unemployed
(Panel B) by demographic types, observable health and health insurance status; in [13| we show that the
model fits well the mean wages conditional on demographic types, observable health and health insurance
status.

[Insert Table [12{ About Here]
[Insert Table [13]| About Here]

In Table [T4] we report the model fit for the one-period transition of workers’ labor market transitions,
by their observed health status. Although the fit is not perfect, in general the model is able to explain
the significant effect of health status on labor market transitions. Our model over-predicts the probability
that an employed workers with unhealthy observed health component transitions from a job with ESHI to
unemployment, and under-predicts the probability that unhealthy employed workers transition from a job
without ESHI to another job without ESHI.

[Insert Table [14| About Here]

In Table[15| we compare the model’s predictions of the targeted employer-side moments listed in Section
with those in the data. In general, our model fits reasonably well on average, including mean firm
size, fraction of firms with less than 50 workers, and health insurance coverage rate by firm size. Our
model captures the pattern that larger firms are more likely to offer ESHI, as consistent with the data:
our model predicts that the ESHI offering rate for firms with less than 10 workers is about 44.6%, but will
rise to 93.5% for firms with more than 50 workers. However, our model under-predicts the ESHI offering
rates for firms with 10-30 and 30-50 workers.

[Insert Table [15] About Here]

Finally, it is useful to point out that, in a sense to be described below, our model also predict well
the distribution of unobserved health components in the population. Note that in the MEPS data, the
unobserved health components are recovered as a function of the individuals combination of observed
health components and health insurance status over the two years at the annual frequency, but in our
model the steady state distribution of the unobserved health components are defined over the four-month

81From the twelve potential health and health insurance combinations in the two years, we choose 6 targeted moments with
sufficiently large sample size.
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model period. For this reason, we cannot directly compare the distribution of the unobserved health
component in the steady state of the model with the distribution of the unobserved health components
recovered from the MEPS. Instead, we examine the model’s implication on medical expenditure in the
steady state equilibrium, which is un-targeted in our second step estimationlg_?] Because the unobserved
health components affect the medical expenditure, the model should be able to predict well about the
average medical expenditure as long as it generates the selection patterns consistent with the data. Table
compares the mean medical expenditure in the model with the mean medical expenditure in the MEPS
data. It shows that the model prediction matches the data reasonably well.

[Insert Table |16{ About Here]

8 Counterfactual Experiments

In this section, we use our estimated model to examine the impact of the Affordable Care Act, its key
components, and various alternative policy designs. For the ACA, we consider a stylized version which
incorporates its main components as mentioned in the introduction: first, all individuals are required to
have health insurance or have to pay a penalty; second, all firms with more than 50 workers are required
to offer health insurance, or have to pay a penalty; third, we consider that the individual health insurance
market is replaced by a health insurance exchange where individuals can purchase health insurance at
community rated premium; fourth, the participants in the health insurance exchange can obtain income-
based subsidies; fifth, individuals whose income is below 138% of the Federal Poverty Level is eligible for
the Medicaid regardless of their demographic status. Note that the ACA’s Medicaid expansion is state-
specific and about 30 states expanded Medicaid in 2014, although in our analysis we consider it as the
national expansion. In Section we argue that the main qualitative findings will remain valid when
the Medicaid is only partially expanded.

The introduction of health insurance exchange represents a substantial departure from our benchmark
model because the premium in the health insurance exchange needs to be endogenously determined in
equilibrium. As a result, we will first describe how we extend and analyze our benchmark model to
incorporate the health insurance exchange.

8.1 Model for the Counterfactual Experiments

We provide a brief explanation of the main changes in the economic environment for the model used
in our counterfactual experiments. First, an introduction of individual mandate and premium subsidies
changes the budget constraint of individuals, as a result, the expected flow utility v, (y, «) in the counter-
factual differs from in the benchmark and is now defined as:

B, tx (T ) = 7% — Pur(y))  ifz=0

v 2= ux (T(y,x) if z € {1,3}
() uy (T (y,x) + SUB (y, REX) — REX) if x =2 (54)
uX(T(y—RSP,X)) if x =4,

where © = 2 now indicates health insurance obtained from the health insurance exchange in place of
the private individual insurance market in the benchmark; Py (y) denotes the penalty to individuals who

82This validation approach is very similar to |Low and Pistaferri| (2015) who also estimate their model in two steps.
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remain uninsured under the ACA, which depends on income level and will be parameterized below in
for the ACA; and SUB (y, REX ) denotes income based subsidies to an individual with income y who
purchase health insurance from the exchange, where RFX is the premium in exchange determined in
below which due to community-rating regulations does not depend on health status h or gender; and R5"
is the spousal insurance premium (to be determined in equilibrium, as described in below). With this
modification, individual optimization problem can be characterized and solved as in the benchmark model.

The introduction of employer mandate penalty, however, makes firm’s problem much more complicated.
Firms with more than 50 workers now face a penalty if they do not offer health insurance. Let Pg(n)
denote the the amount of the penalty, which depends on the firm size n. We parameterize Pg (n) in
for the employer mandate penalty under the ACA. Firm’s profit maximization problem will now change

to:
max{Ily(p), I11(p) — ose},
where
IMy(p) = max II (wH, w, E Z Z Z (pdxh who) Tyh (w20,0> — Pg (n (Wg(l),O)) , (55)
{“’vaoU X h9eH, heH
IM(p) = max I (wi, wi, E =1) Z Z Z [(pdxh who - m;h) Nyh (W}llgv 1)} -C. (56)
{“’H’“’U X hYeH,heH

where n (wg(l),()) = Zx Zh?eHl > hen Nxh (wgo,()) is the total number of workers in the steady state

for a firm that offers contract Who, 0) and the term Pg ( ( 2(1), 0)) in the expression for Ily(p) is the
penalty to employers for not offerlng ESHI to their workers.

The premium in the insurance exchange, RF¥ | is determined based on the average medical expenditures
of all participants in the health insurance exchange, multiplied by 1+¢ 5y, where gy > 0 is loading factor

for health insurance exchange; specifically,
>y 2heH mih [“xh(2) +/ eihsih(w)dw}
2oy 2hen [uxh@) +J eihsih(w)dw}

h is expected medical expenditure of type-x individual with health status h for individuals with

RPY = (1+¢&px) (57)

where mi
insurances purchased from the exchange.

In our counterfactual experiments, we recognize that the changes in the firms’ ESHI offering decisions
will affect the availability and the premium of spousal health insurance option. Specifically, as in the
benchmark economy, we let the probability of being offered spousal health insurance for married male
(female, respectively) be equal to the proportion of the married female (male, respectively) being offered
ESHI, i.e., for each x,, which is either married male or married female,

ZX X, Zhe’;‘-{fexhsxh w)dw
S nery Shen [tan(@) + [ ey sty (w)dw

where x, denotes married individuals of opposite gender. In , the numerator is the measure of workers

fsp(xy) = (58)

of type x, who have own ESHI (z = 1), and the denominator is the total measure of type-x, workers in
the economy. In addition, the spousal insurance premium is equated to the average medical expenditure
of the individuals with spousal health insurance, given by:

2 2her Myh [uxh(4) + / e;‘(hsih(w)dw}

RSP _
2 2hew {“xh(‘l) + feihsih(w)dw}

(59)
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The steady state equilibrium for the post-reform economy can be defined analogous to that for our
benchmark model in Section and is provided in Online Appendix [C|

Numerical Algorithm to Solve the Equilibrium. We use numerical methods to solve the equilibrium.
The basic iteration procedure to solve the equilibrium for the counterfactual environment remains the same
as the one used to solve the benchmark model, but an important change is that now we need to find the fixed
point of not only (WZ(?) (p) ,W:é (p),A (p)) but also RFX, RSP and fsp(Xx,), respectively the premiums in
insurance exchange, the premium for spousal insurance, and the offer probability of spousal insurance. A
technical complication is that, the size dependent employer mandate may lead to the presence of a mass
point in the wage offer distribution: firms not offering ESHI may not want to hire slightly more than 50
workers in order to avoid paying the employer-mandate penalty Pg (n). In the Online Appendix [C], we

discuss how we can address this issue numerically to solve for the equilibrium in this environment.

8.2 Parameterization of the Counterfactual Policies

Before we conduct counterfactual experiments to evaluate the effect of ACA and its components, we
need to address several issues regarding how to introduce the specifics of the ACA provisions, such as the
penalties associated with the individual and the employer mandates and the premium subsidies, into our
model. First, we estimated our model using data sets in 2004-2007, while the ACA policy parameters
are chosen to suit the economy in 2011. However, the U.S. health care sector has very different growth
rate than that of the overall GDP; in particular, there have been substantial increases in medical care
costs relative to GDP. Thus we need to appropriately adjust the policy parameters in the ACA to make
them more in line with the U.S. economy around 2007. Second, the amount of penalties and subsidies are
defined as annual level, while our model period is four months. We simply divide all monetary units in the
ACA by three to obtain the applicable number for a four-month period. Third, we need to decide on the
magnitude of the loading factor £y that appeared in that is applicable in the insurance exchange.
We calibrate £y based on the ACA requirement that all insurance sold in the exchange must satisfy the
ACA regulation that the medical loss ratio must be at least 80%. This implies that {5y = 0.25, which is
lower than our estimate about pre-ACA individual insurance loading factor £;; = 0.69{57_5]

Below we present the ACA provisions for penalties associated with the individual and the employer
mandates, and the income-based premium subsidies. In Online Appendix [D] we describe how we translate
the ACA provisions for 2011 into applicable formulas for our 2007 economy.

Penalties Associated with Individual Mandate. The exact stipulation of the penalty in ACA if an
individual does not show proof of insurance (from 2016 onward when the law is fully implemented) is that
individuals without health insurance coverage pay a tax penalty of the greater of $695 per year or 2.5% of
the taxable income above the Tax Filing Threshold (TFT), which can be written as:

P4 (y) = max {0.025 x (y — TET_2011) , $695} (60)

where y is annual income.

83The medical loss ratio is the ratio of the total claim costs the insurance company incurs to total insurance premium
collected from participants. The medical loss ratio implied by is simply 1/(1+ &gy ), thus an 80% medical loss ratio
corresponds to £y = 0.25. ACA requires that {5 < 0.25.
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Penalties Associated with Employer Mandate. ACA stipulates that employers with 50 or more
full-time employees that do not offer health insurance coverage will be assessed each year a penalty of
$2,000 per full-time employee, excluding the first 30 employees from the assessment. That is,

n—30) x $2,000, if n > 50
PACA (n) = { =0 (61)

B 0, otherwise.

Income-Based Premium Subsidies. ACA stipulates that premium subsidies for purchasing health
insurance from the exchange are available if an individual’s income is less than 400% of Federal Poverty
Level (FPL), denoted by FPL400@ The premium subsidies are set on a sliding scale such that the
premium contributions are limited to a certain percentage of income for specified income levels. If an
individual’s income is at 138% of the FPL, denoted by FPL138, premium subsidies will be provided so
that the individual’s contribution to the premium is equal to 3.5% of his income; when an individual’s
income is at FPL400, his premium contribution is set to be 9.5% of the income. When his/her income is
below FPL138, he/she will receive insurance with zero premium contribution through Medicaid. If his/her
income is above FPL400, he/she is no longer eligible for premium subsidies. Note that the premium
subsidy rule as described in the ACA creates a discontinuity at FPL138: individuals with income below
FPL138 receives free Medicaid, but those at or slightly above FPL138 have to contribute at least 3.5% of
their income to health insurance purchase from the exchange. To avoid this discontinuity issue, we instead
adopt a slightly modified premium support formula as follows:

max { REX — [0.0850 (VEPLIO ) 40,06 L i P90 [y, 0}, if y € (FPLI3S, FPLA00)

0, otherwise,

SUBACA (y,REX) — {

(62)
when y is the annual income and RFPX is the annual premium for health insurance in the exchange.
According to , the individual contribution to insurance premium will be close to 0 when his/her income
is close to 138 % of the FPL, similar to those who receive free Medicaid, as long as the smoothing parameter
osuB is smallﬁ Then, as income rises, the individual’s maximum premium contribution increases toward
3.5% quickly and then the individual contribution to insurance premium increases up to 9.5% when his
income is at 400% of the FPL.

Finally, we capture the Medicaid expansion under the ACA to modify the Medicaid eligibility proba-
bilities for the employed and the unemployed to be as follows:

A4 (v y) = 1ify < FPL138

LACA
W) = L

That is, the employed will be eligible for Medicaid if their income is below FPL138, and all the unemployed
is eligible for Medicaid with probability 1@

84We assume that FPL is defined as single person. In 2007, it is $10,210 annually.
85Note that in ,0.035 is multiplied by ® (M) which will be close to zero when y is close to FPL138 and osup is

OSUB
sufficiently small. We need to set osup to ensure that it will not create convexity to the firm’s problem. Eventually, we chose
osup = 0.01 but we find that our main results are robust for a range of reasonable choices of osyp. One can also specify the
subsidies as the polynomial function of premium and income (e.g., |Aizawa| (2017))).

86We will also analyze the partial Medicaid expansion in Section
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8.3 Results from Counterfactual Experiments®|

In this section, we reports results from several counterfactual experiments. First, we report results from
the steady state equilibrium when the ACA is fully implemented. We note that, even though components
of the ACA was implemented from 2013, the full version of the ACA was never fully implemented, and it is
unlikely that the early impact of the ACA would completely resemble the steady state results of the ACA.
We also compare our model’s steady state prediction with the ACA’s early impact. Second, we evaluate
several reform proposals to the ACA. In particular, we evaluate the “ACA without individual mandate”,
and the “ACA without the employer mandate”. The “ACA without individual mandate” is an important
variation of the ACA because the individual mandate of the Affordable Care Act was repealed by the Tax
Cuts and Jobs Act of 2017, even though the full ACA was not. The “ACA without the employer mandate”
is important because the employer mandate was actually never fully implemented. Third, we conduct a
series of additional counterfactual experiments to understand the effects of the various components of the
ACA. In the last two counterfactual experiments, we consider the role of the ESHI itself and the role of
the tax exemption of ESHI premiums in the US health insurance system.

8.3.1 Evaluating the Full Implementation of the ACA

One of the main goals for the ACA is to reduce the fraction of the U.S. population that do not have
insurance, i.e., the uninsured rate. In Columns 1 and 2 in Table we respectively report results from the
pre-ACA economy, which we refer to as the benchmark economy, and the ACA. For the ease of reading
Table we divide the statistics into two subgroups. The first subgroup is referred to as the “key labor
market statistics”, including as ESHI offering rates, unemployment rate, and average wages; and the second
subgroup is the distribution of the population in different health insurance categories; and the third group

reports the equilibrium premium in the health insurance exchange.

[Insert Table [17| About Here]

Benchmark. In Column (1), we show that the steady state of our estimated benchmark economy, i.e.,
the pre-ACA environment, exhibits the patterns we discuss in the introduction. It shows that 93.5% of the
firms with more than 50 workers offer ESHI to their workers, in contrast to 48.0% of the firms with fewer
than 50 workers. Overall, 52.5% of the firms will offer ESHI to their workers. The average four-month wage
of the employed workers working in firms offering ESHI is about $10,700, while that for workers in firms
not offering ESHI is 7,980. The steady state unemployment rate is 7.9%. It also shows that, the uninsured
rate among the population we study is about 21.3% overall; the fractions of individuals who have own
ESHI, private individual insurance, Medicaid, and spousal coverage are respectively, 59.5%, 3.4%, 5.0%,
and 10.8%. These patterns match those in the data.

The Full Implementation of the ACA. Column (2) reports the counterfactual results from the ACA.
We find that the overall fraction of firms offering ESHI declines from 52.5% under the benchmark to about
45.9% under the ACA. Of course, due to the employer mandate for firms with 50 or more workers, the
ESHI offering rates for these large firms increase from 93.5% in the benchmark to over 98.9% under the

8"We focus on reporting the results related to the uninsured rate. Additional results on the effect of the ACA and its
variations on other interesting statistics such as overall productivity, average health, profits, health expenditures, etc. are
available upon request.
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ACA; however, the ESHI offering rate for firms with less than 50 workers decreases significantly from
48.0% under the benchmark to 40.0% under the ACA. The steady state unemployment rate stays about
the same under the ACA as that under the benchmark. The average four-month wage of the workers
in firms offering ESHI has a slight increase from $1,0700 to $11,100, while that for workers in firms not
offering ESHI experiences slight decrease from $7,980 to $7,660; overall, the average wage of the employed
worker has a slight increase from $9,890 to $9,920.

Importantly, we find that the uninsured rate under the ACA will be significantly reduced when all
features of the ACA are fully phased in. The uninsured rate is predicted to be 6.6%. Notably the fraction
of the population with individual insurance increased from 3.4% in the pre-ACA benchmark to 11.2%
under the ACA@ This represents the biggest source of the drop in the uninsured rate under the ACA.
The second important source for the reduction in the uninsured rate is Medicaid, as the fraction of the
population covered by Medicaid increase from 5.0% in the benchmark to 9.90% under the ACA. Notably,
the fraction of individuals covered by their own ESHI slightly dropped from 59.5% in the benchmark to
58.5% under the ACA. The sizable drop of ESHI offer rate among small firms shifts insurance status of
their married employees from their own ESHI coverage toward the spousal coverage, contributing to an
increase in the overall spousal coverage from 10.8% in the benchmark to 14.3% under the ACA. Thus, the
overall impact on the ESHI coverage is very small: it is 72.4% under the ACA while it is 70.3% in the
benchmark.

To understand the reasons for the decline of ESHI offering rate of the small firms, it is useful to study
how the ACA affects the adverse selection differentially for firms of different productivities when they decide
whether to offer ESHI. Table [I§ reports the simulation results similar to those in Table 2] In Table 2] we
showed that, in the pre-ACA environment, low-productivity firms would experience an adverse selection
effect if they offer health insurance in the sense that they will attract a higher fraction of unhealthy (on
unobservable component) workers among their new hires than if they do not offer health insurance; in
contrast, high-productivity firms do not experience adverse selection among their new hires. In Table
we conduct the same type of numerical exercise under the ACA, and it shows that low-productivity
firms no longer suffer from adverse selection in the health of their new hires if they were to offer health
insurance. The reason is very simple: because of the expansion of Medicaid and the generous premium
subsidies to low-income individuals for purchasing insurance from the exchange, low productivity firms are
no longer attracting new hires from a pool with worse unobservable health under the ACA, which is in stark
contrast to the pre-ACA case. Thus, the ACA levels the playing field for low- and high-productivity firms
to offer health insurance in terms of the adverse selection problem. However, this effect is dwarfed by a
countervailing effect: because of the availability of subsidized health insurance from the exchange, workers’
willingness to pay for ESHI and the firms’ benefit in terms of increased productivity from offering ESHI are
significantly reduced under the ACA, and the reduction is much more pronounced for the low-productivity
firms.

[Insert Table [18] About Here]

The Early Impact of the ACA: Model vs. Data. Column (2) in Tablepresents the steady state
results when the ACA is fully implemented, including the full expansion of Medicaid at the national level.

88 Note that, even though both are called “Individual Insurance”, the individual insurance in the pre-ACA world differs from
that under the ACA in how they are priced: pre-ACA individual insurance is individually priced according to health, while
under the ACA, it is community-rated.
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Due to the Supreme Court ruling described in Footnote [7} the actual implementation of the Medicaid
expansion of the ACA is only partial. In order to examine how well the model is able to account for the
early impact of the ACA, we report results from a counterfactual experiment with only partial Medicaid
expansion.

Specifically, we evaluate the ACA as implemented in 2015 (which we refer to as “ACA 2015”) and
compare the model’s counterfactual predictions with the data. The main differences between “ACA 2015”
and the full implementation of the ACA are as follows: (a) only 30 states expanded Medicaid in “ACA
2015”; (b) the magnitude of the individual mandate tax penalties is lower than when it is fully phased in
under “ACA 2015”; specifically, instead of PV?/CA (y) specified in , the individual mandate penalty in
2015 is given by:

PEEA15 (1) = max {0.02 x (y — TFT_2011),$325} ; (63)

(c) only firms with more than 100 workers are subject to employer mandate requirements under “ACA
2015”; specifically, instead of PSCA (n) specified in , the employer mandate penalty in 2015 is given
by:
—30) x $2,000, if n > 100
PACA01 (1) :{ én ) x 82, if 21 (64)
, otherwise.

It is straightforward to incorporate (b) and (c¢). To incorporate (a) without significantly complicating our
framework, we modify the Medicaid eligibility probability under “ACA 2015” as follows. Let f3? be the
proportion of the U.S. population in the thirty states who expanded Medicaid in 2015, and the Medicaid
offer probability in “ACA 2015” is specified as:

P 0Gy) = max {f;(xy). S37} ity < FPLISS; (652)
;\},ACAQOlB(X) = max {f&(x), f9}, (65b)

where f§,;(x,y) and f};(x) are the probabilities of Medicaid eligibility in the pre-ACA benchmark environ-
ment as specified in (47)) and . We simulate the steady state of our estimated model of the 2004-2007
economy under “ACA 2015” using the policies of , and @ To compare our counterfactual
prediction of the impact of “ACA 2015” with the early impact of the ACA in the data, we focus on the
predicted changes from the baseline. Focusing on the changes instead of the levels is important because,
around the implementation of the ACA, the US economy was just recovering from the Great Recession.
For the early impact of the ACA in the data, we obtain the statistics of the distribution of the insurance
status in the population in 2012 and 2015 from the American Community Survey (ACS) through IPUMS.
Note that ACS does not distinguish individuals’ own ESHI from spousal ESHI, thus we aggregate both
the own and spousal ESHI into “ESHI” category.

The result is reported in Table We find that our model predicts that the uninsured rate under
“ACA 2015” decreases by 9.4 percentage points, from 21.3% to 11.9%; this magnitude of change is largely
consistent with that in the data, where the uninsured rate decreases by 10.6 percentage points, from 38.6%
to 28.0%. Note that the reduction of uninsured rate in the data is attributed to an increase in all other

89Note that under the “ACA 20157, the individuals whose income is below 138% of FPL cannot obtain subsidies if they
buy insurance from the exchange, a situation that is referred to as the “coverage gap.” This coverage gap creates the possible
discontinuties of the worker’s value function in the sense that there may be the possible jump of the value of employed workers
without ESHI around 138% of FPL. Again, one can deal with this discontinuty by adjusting the smoothing paramter osup
and check the robustness of the results. Based on our extensive investigation, we do not find that this will create a significant
numerical error.
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insurance options. Consistent with the data, our model also finds the substantial increase in both individual
and Medicaid coverages. The only difference is that in the data, ESHI rate increased, while our model
predicts a slight decrease of ESHI from 70.3% to 68.5%. This discrepancy, however, likely reflects the
impact of the fact that the unemployment rate (shown in the last row of Table decreased in the data
from 11.6% in 2012 to 8.0% in 2015. Overall, we think our model captures the major changes resulting
from the early impact of the ACA as it is implemented in 2015.

[Insert Table [19] About Here]

8.3.2 Evaluating Health Care Reform Proposals

In this section, we present counterfactual simulation results from several proposals to reform the ACA.

ACA without the Individual Mandate. The first reform proposal, which we refer to as “ACA without
the Individual Mandate” (or, “ACA w/o IM”), corresponds to the actual case after the Tax Cut and Jobs
Act of 2017, which repeals the individual mandate penalty but keeps the other components of the ACA
intact, is implemented.

In Column (3) of Table we report simulation results from this reform proposal, in a hypothetical
environment of ACA without the individual mandate (IM), i.e. only health insurance exchange (EX),
premium subsidy (Sub) and employer mandate (EM) components of ACA are implemented.

We find that, surprisingly, we find that ACA without the individual mandate would also have still
significantly reduced the uninsured rate to be about 11.4%, which is about 4.8 percentage points higher
than under the ACA, but still represent close to 9.9 percentage points reduction from the 21.3% uninsured
rate predicted in the benchmark.

The reason for the sizeable reduction in the uninsured rate despite the absence of individual mandate
is the generous premium subsides stipulated under the ACA. Individuals are risk averse so they would like
to purchase insurance if the amount of premium they need to pay out of pocket is sufficiently small, which
is true for workers in low-wage firms that do not offer health insurance. Thus, even in the absence of the
individual mandate penalty, low-wage workers in firms not offering ESHI will continue to buy insurance
from the exchange with premium subsidy. In unreported results, we know that the workers who decide
to forego health insurance when the individual mandate is repealed, tend to be those who work in firms
with medium-wages and who are healthy. These account for the 1.4 percentage points decline in the
individual insurance coverage under “ACA w/o IM” relative to the full ACA. Because those who decided
to go uninsured when there is no individual mandate are precisely those who are healthy, their absence in
the exchange exacerbates the adverse selection problem, leading to a substantial increases in the premium
in the exchange (from $1,500 under the ACA to $1,750 in “ACA w/o IM").

Column (3) also shows that repealing the individual mandate of the ACA will result in a substantial
reduction of the fraction of firms who offer ESHI, especially for firms with fewer than 50 workers. The
reason is very simple: in our model firms are trying to attract workers by offering compensation packages
that are valuable to the workers; in the absence of individual mandate, offering ESHI becomes less valuable
to the workers than under the full ACA. Note, however, the average wages of workers increase when there
is no individual mandate penalty, particularly in firms not offering ESHI.

ACA without Employer Mandate. The second reform proposal is ACA without the employer man-
date (“ACA w/o EM”). The employer mandate in the ACA has been very contentious. The Obama
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Administration has twice delayed its implementation. The first delays exempted all firms from the em-
ployer mandate penalty in 2014; the second delay exempts all employers with 50 to 99 workers from the
employer mandate penalty in 2015@ What would happen if the employer mandate component is elim-
inated from the ACA? This would roughly correspond to a health care system in the spirit of what is
implemented in Netherlands and Switzerland where individuals are mandated to purchase insurance from
the private insurance market, employers are not required to offer health insurance to their workers, and
government subsides health care for the poor on a graduated basis@

In Column (4) of Table |17] we report the results from the counterfactual experiment “ACA w/o EM”.
We find that, surprisingly, such a system without employer mandate only slightly increases the uninsured
rate relative to the full version of ACA. We find that the uninsured rate under this “ACA w/o EM” system
would be about 7.5%, just 0.9 percentage point higher than the 6.6% uninsured rate predicted under the
full ACA. The reasons for the somewhat surprising finding are as follows. First, eliminating the employer
mandate decreases the ESHI offer rate of large firms and the large firms tend to be the firms paying higher
wages. Since the willingness to pay for health insurance is higher for high income individuals, partly
because of the individual mandate penalty, the employees in large firms that do not offer ESHI are likely to
purchase health insurance from the exchange, thus offsetting the effect from the reduction of ESHI offering
rate on the uninsured rate. Note that, when the large firms reduce their ESHI offering rate in the absence
of employer mandate penalty, it has a ripple effect on the small firms’ incentives to offer ESHI as well.
There are two reasons for this. First, the adverse selection problem faced by the smaller firms offering
ESHI is somewhat exacerbated when the larger firms offer ESHI at a lower rate. Second, the workers in
the larger firms tend to be healthier, so their purchase of insurance from the exchange tends to lower the
premium in the exchange, everything else equal. Because of these forces, the smaller firms’ ESHI offering
rate is also slightly reduced under “ACA w/o EM.” However, the reduction in the ESHI offering rate is
nearly compensated by the increase in the insurance purchase from the exchange — which likely will result
in more premium subsidy by the government — and increase in the utilization of spousal insurance. In

equilibrium, the premium in the exchange stays almost identical to that under the full ACA.

ACA without Premium Subsidy. The issue of whether the U.S. Internal Revenue Service may per-
missibly promulgate regulations to extend tax-credit subsidies to insurance coverage purchased through
exchanges established by the federal government under Section 1321 of the Patient Protection and Afford-
able Care Act is the focus of the U.S. Supreme Court case, King v. Burwell. More recently, there has
been many political activities, which in principle lower the subsidies through the exchange and Medicaid.
Whether subsidies matter also depend on how employers may respond: whether they increase the coverage,
which may depend on the choice of individual or employer mandate.

In Column (5) of Table (17, we report the results when we evaluate the ACA sans the income-based pre-
mium subsidies, dropping both subsidies in EX and Medicaid expansion. Relative to the full ACA results
reported in Columns (2), the uninsured rate is much larger, at 15.7%. Essentially no one participates in
the health insurance exchange without premium subsidy due to adverse selection@ These results demon-
strate that the proposed premium subsidies are crucial to solve adverse selection problem in the insurance

90See http://obamacarefacts.com/obamacare-employer-mandate,/

91Gtrictly speaking, the Swiss health care system expressly forbids employers from providing basic social health insurance
as a benefit of employment, though employers can provide supplemental health insurance to their workers. See |[Fijolek| (2012,
p.8) for a descriptioin.

92Note that the fraction of the population in individual insurance market is tiny, thought it is not literally zero, due to the
preference shock for insurance purchase (see Section .
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exchange and contribute importantly to the substantial reduction of uninsured rate achieved under the full
ACA. Moreover, we find that employers respond to the non-functioning of the health insurance exchange
by offering ESHI at a much higher rate, both for large and small firms.

8.3.3 Assessing the Effects of the Components of the ACA and the ESHI

In Table 20| we report several counterfactual experiments that would allow us to understand the effects
of the various components of the ACA. We also investigate the role of the ESHI under the ACA by
completely shutting down the ESHI.

[Insert Table [20] About Here]

Health Insurance Exchange Only. In Columns (1) of Table we report the equilibrium of the
economy which differs from the benchmark economy only in that we replace the individual health insurance
market in the benchmark with the ACA-style health insurance exchange (EX). The ACA-style health
insurance exchange differs from the individual insurance market in the benchmark in terms of pricing
regulation, so that it is community rating under EX, and the loading factor is now 0.25 instead of 0.69
as estimated in the benchmark economy. It turns out, having an ACA-style exchange alone does little to
the uninsured rate in equilibrium: the equilibrium uninsured rate under this counterfactual is only slightly
lower relative to the benchmark economy (19.1% vs. 21.3% in the benchmark as in Column 1 of Table [17)).
Interestingly, EX will have almost no participants at all due to the adverse selection problem; the four-
month premium in the exchange is $4,250, more than 2.8 times the premium level under the full ACA. In
other words, only replacing the risk-rated individual health insurance market in the pre-ACA benchmark
by a community rated health insurance exchange (albeit one with a much lower loading cost) essentially
eliminates the private individual insurance option for those who do not receive ESHI. This effect, somewhat
perversely, incentivizes larger firms to offer ESHI at a much higher rate: the ESHI offering rate for firms
with more than 50 workers increase from 93.5% in the benchmark to 98.0% in the “EX” counterfactual.
As a result, more workers obtain ESHI either from their own or their spouses’ employers, resulting in a
slight reduction in the overall uninsured rate.

Health Insurance Exchange with Premium Subsidy. In Column (2) of Table we report the
results when we introduce health insurance exchange (EX) and health insurance premium subsidies (Sub).
It shows that the introduction of premium subsidies and exchange leads to a sizable reduction in the
uninsured rate to about 12.9%. The exchange is quite active that 10.7% of individuals now obtain health
insurance from there. However, without employer mandate, the introduction of exchange and premium
subsides also lead to a reduction in the probabilities of firms, particularly the large firms, offering ESHI
to their workers: the fraction of firms with 50 or more workers offering ESHI is now 82.8% in contrast
to 98.9% under the full ACA as reported in Column (2) of Table Without the individual mandate,
the health insurance exchange is also subject to more severe adverse selection with healthy individuals
who are not eligible for much of premium subsidy opting to be uninsured. This drives up the equilibrium
four-month premium in the exchange to $1,747, which represents a 16 percent increase from the $1,502
premium predicted under the full ACA (again, reported in Column (2) of Table [17)).

Health Insurance Exchange with Individual Mandate. In Column (3) of Table we report

the equilibrium results when we introduce health insurance exchange and individual mandate. As in the
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“EX only” case in Column (1), adding individual mandate but no premium subsidy, the health insurance
exchange will almost have no participants: the equilibrium premium in the EX is even higher than the
willingness to pay for insurance for the unhealthy individuals. This indicates that the proposed individual
mandate alone, at least at the current levels of penalty, is not large enough to solve the adverse selection
problem in the insurance exchange. Instead, the individual mandate leads more employers to offer health
insurance: the ESHI offering rate for firms with less than 50 workers increases from 46.9% under “EX”
to 51.3% under “EX+IM”, and that for firms with 50 or more workers rises from 98.0% to 99.0%. As
a result, uninsured rate is 15.8% in Column (3), which represents a 3.3 percentage point decrease from
Column (1). The fact that the ESHI offering rates increase in this experiment, which imposes individual
mandate but not employer mandate, is interesting in itself; and it is a result of the fact that competition
among firms for workers will result in an internalization of workers’ higher demand for insurance due to
individual mandate in firms’ behavior in equilibrium models. Here individual mandate increases the value
of ESHI to workers, which makes ESHI offering a more effective instrument to compete for workers, and
in turns leading more firms to offer ESHI in equilibrium.

Health Insurance Exchange with Employer Mandate. In Column (4) of Table we report
the results when we introduce the health insurance exchange and employer mandate into the benchmark
economy. We again find that the exchange is essentially not active. There is a reduction of the uninsured
rate, from 21.3% in the benchmark to 18.6% in Column (4), but the declines of the uninsured rate are
mostly due to the increased probability of offering ESHI by firms with 50 or more workers.

No Employer Sponsored Health Insurance Market. Finally, in Column (6) of Table we investi-
gate the effects of eliminating employer sponsored health insurance market. This is an interesting exercise
as U.S. is the only industrialized nation in which employers are the main source of health insurance for
the working age population. In Column (6), we report the results from an experiment where we prohibit
firms from offering ESHI, but instead we introduce the health insurance exchange, individual mandate
and premium subsidies as stipulated in the ACAPE] We find that disallowing ESHI would lead to drastic
increases of uninsured rate; in fact, our model predicts that the uninsured rate would reach 38.7%, which is
roughly more than 50% as large as the one in the benchmark economy. Insurance premium in exchange is
$1,596 per four months, about 6 percent higher than the $1,502 level under the full ACA. Tt thus indicates
that if there is no employer sponsored health insurance market, the proposed subsidies and individual
mandate penalty under the ACA are not large enough to induce individuals to participate in insurance
exchange. Our result also suggests that, interestingly, ESHI in fact complements, instead of hinders, the

smooth operations of the health insurance exchange.

8.3.4 Role of Tax Exemption of ESHI Premium

Given the growing federal deficits in the United States, reducing tax expenditures - tax exemption for
ESHI premium being one of the major tax expenditure categories — has been mentioned in several prominent
reports@ In this section, we describe the results from counterfactual experiments where the tax exemption
status of employer-sponsored health insurance premium is eliminated, both under the benchmark model
and under the ACA. We implement this counterfactual as follows. Suppose that a worker works for a firm

930f course, as a result of disallowing employer sponsored health insurance, we have to drop the employer mandate of the
ACA.

94Gee, for example, [National Commission on Fiscal Responsibility and Reform| (2010).
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that pays wage w and incurs an actuarially fair health insurance premium R, we let the after-tax income
of the worker to be T'(w + R) — R when R is not exempted from personal income tax. In contrast, with
tax exemption of ESHI premium, the worker’s after tax income would have been T (w), where T (-) is
as specified in @ In addition, firms’ payroll tax 7, in will also be applied to the health insurance

: 1
premium mxhﬁ
[Insert Table 21| About Here]

Columns (1) and (3) of Table [21| report the same simulation results for the benchmark and the ACA
as reported in Columns (1) and (2), respectively, of Table [L7| under the current tax exemption status for
ESHI premium. In Column (2), we remove the tax exemption for ESHI under the benchmark economy.
We find that removing the tax exemption increase the uninsured rate from 21.3% to 31.8%. The removal
of ESHI premium exemption does significantly reduce the fraction of firms that offer ESHI; this effect is
particularly strong for firms with 50 or more workers, whose ESHI offering rate decreases from 93.5% under
the benchmark with tax exemption to 61.7% under no exemption. This, of course, is a result of the fact
that workers in large firms are in higher income tax brackets@

In Column (4), we remove the tax exemption for ESHI under the ACA. We find that removing the tax
exemption increase the uninsured rate from 6.6% to 12.4%. Eliminating tax exemption for ESHI again
has strong negative effect on the ESHI offering rates, both for small and large firms. Notice that as firms
decrease ESHI offering, more workers purchase insurance from the exchangeﬂ

Overall, our findings show that eliminating the tax exemption status for ESHI premium will increase the
uninsured rate, both under the benchmark and under the ACA, but the elimination of the tax exemption of
ESHI premium does not lead to the collapse of the ESHI. In fact, in Table we report that even without
the tax exemption for ESHI premium, a substantial fraction of the firms will choose to offer health insurance
to their workers, both in the benchmark economy and under the ACA. In the benchmark economy, we find
that 32.6% of the firms will still offer health insurance to their workers when ESHI premium is no longer
exempt from income taxation. Similarly, 34.2% of the firms will offer health insurance to their workers
under the ACA when ESHI premium is not exempt from income taxation. There are several reasons that
firms have strong incentives to offer health insurance to their workers in our economy. First, workers are
risk averse and firms are risk neutral; thus firms can enjoy the risk premium by offering health insurance to
their workers. Second, health insurance improves health and healthy workers are more productive. Thus
firms, particularly those with higher productivity, will have incentives to offer health insurance to their
workers so that their workforce will be healthier and thus more productive. This mechanism is illustrated
in Table 21

In Panel C of Table we also report the implications of removing tax exemption on government
expenditures. Under the ACA with exemption, we find that the net per capita government expenditure,

9The analogous expression for (36]) in this counterfactual is now:

Mi(p) = max II(wy,wy,E=1)= Z Z Z [pdxh —(1+1tp) (w;lb(lu +m>1<h)} Tixh (Wi(l), 1) -C,

{w}{’wtlj} X h(ng'Hl heH

96Tt is important to note that this analysis is carried out by assuming that the spousal insurance premium and insurance
offer rate is fixed as in the benchmark economy. As in the post-ACA analysis, we can endogenize them. However, the result

is largely unchanged. These results are available from the authors upon request.
9"Note that the model predicts the fraction of individuals with their own ESHI decreases, while the fraction with spousal

ESHI coverage increases. As firms’ ESHI offering rate is reduced, the supply for spousal ESHI is lowered, but the take-up rate
of spousal ESHI increases. The latter effect dominates the former in the counterfactual experiment.
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which includes the tax expenditure due to the exemption, the premium subsidy and individual/employer
mandate penalties, is about $500 ($200 + $310 — $10 = $500); under the ACA without tax exemption, it
is reduced to about $450 ($470 — $20 = $450). This is a decline of $50 per capita per four months, which
translates to about $150 per capita per year. Also, note that average worker utility under the ACA without
tax exemption is actually higher that under the benchmark economy with tax exemption. Removing tax
exemption does have a negative effect of firms’ average profit, around 0.3% [(1.227 — 1.223)/1.223 ~ 0.3%]
in the benchmark; and around 0.89% [(1.241 — 1.230)/1.241 ~ 0.89%] under the ACA.

9 Conclusion

We present and empirically implement an equilibrium labor market search model where risk averse
workers facing medical expenditure shocks are matched with employers making health insurance coverage
decisions. The distributions of wages, health insurance provisions, employer size, employment and worker’s
health are all endogenously determined in equilibrium. We estimate our model using various micro data
sources including the panel of the Survey of Income and Program Participation, the Medical Expenditure
Panel Survey and the Kaiser Family Employer Health Insurance Benefit Survey. The equilibrium of our
estimated model is largely consistent with the dynamics of the workers’ labor market experience, health,
health insurance and medical expenditure, as well as the distributions of employer sizes in the data.

We use our estimated model to examine the impact of the key components of the 2010 Affordable Care
Act (ACA), including the individual mandate, the employer mandate, the insurance exchange and the
income-based insurance premium subsidy, as well as various alternative designs which are central to the
current policy debates. We also demonstrate that our model is able to quantitatively account for an early
impact of the ACA seen in the data.

We find that the implementation of the full version of the ACA would significantly reduced the unin-
sured rate from about 21.3% in the pre-ACA benchmark economy to 6.6% under the ACA. This large
reduction of the uninsured rate is mainly driven by low-wage workers participating in Medicaid or in the
insurance exchange with their premium supported by the income-based subsidies. We find that income-
based premium subsidies for health insurance purchases from the exchange and Medicaid expansion play
an important role for the sustainability of the ACA; if the subsidies were removed from the ACA, the
insurance exchange will suffer from severe adverse selection problem so it is not active at all, and the
uninsured rate would be around 15.8%.

We find that the ACA would also have achieved significant reduction in the uninsured rate if its indi-
vidual mandate component were removed. We find in our simulation that under “ACA without individual
mandate”, the uninsured rate would be 11.4%, significantly lower than the 21.3% under the benchmark.
The Medicaid expansion and the exchange premium subsidy component of the ACA would covered all
the unemployed (healthy or unhealthy) and the low-wage employed (again both healthy and unhealthy).
Interestingly, we find that employer mandate does not seem to be an essential feature of the ACA; under
ACA without employer mandate, the uninsured rate would be about 7.5%, just slightly higher than that
under the full ACA. If both individual and employer mandates were removed from the ACA, the uninsured
rate would be around 12.9% as long as the ACA components of Medicaid expansion, premium subsidies
and health insurance exchanges with community rating stayed intact.

We also simulate the effects of removing the tax exemption for employer-sponsored health insurance
(ESHI) premium both under the benchmark and under the ACA. We find that, while the removal of the
tax exemption for ESHI premium would reduce, but not eliminate the incentives of firms, especially the
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larger ones, offering health insurance to their workers; the overall effect on the uninsured rate is modest:
we find that the uninsured rate would increase from 21.3% to 31.8% when the ESHI tax exemption is
removed in the benchmark economy; and it will increase from 6.6% to 12.4% under the ACA. Finally, we
find that prohibiting firms from offering ESHI in the post-ACA environment would lead to a large increase
in the uninsured rate, which suggests that ESHI complements, instead of hinders, smooth operations of
the health insurance exchange.

We should emphasize that our paper is only a first step toward understanding the mechanism through
which the ACA, and more generally any health insurance reform, may influence labor market equilibrium.
We estimated our model using a selected sample of individuals with relatively homogeneous skills (with
no more than high school graduation between ages 26-46), and thus our quantitative findings may only be
valid for this population. Thus the quantitative results we present in this paper should be understood with
these qualifications in mind. However, we believe that the various channels we uncovered in this paper
through which components of ACA interact with the labor market and with each other are of importance
even in richer models.

There are many areas for future research. First, it will be important to introduce richer worker het-
erogeneity in the equilibrium labor market model; it is also important to endogenize health care decisions,
and incorporate workers’ life-cycle considerations (see |Aizawa| (2017)) for an attempt in these directions
where he studies the optimal design of health insurance system in the labor market sorting equilibrium).
Second, while our paper characterizes rich demographic heterogeneity, we do not fully characterize the
joint household labor supply decisions. [Fang and Shephard| (2018b) consider how the ACA may change
the behavior of both workers and firms, takings into account the joint labor supply. Third, there are
many additional channels through which firms and workers might have responded to individual mandates
and employer mandates that we abstracted in this paper; for example, firms may change their choices
of production technology in response to the ACA, which could be interpreted as a form of labor market
regulations (see Fang and Shephard (2018a)) for an attempt). Similarly, firms may change the composition
of part-time and full-time workers in response to the ACA. Finally, in this paper we partially incorporated
Medicaid by modeling its availability probabilistically, but did not model the endogenous asset accumula-
tion. Incorporating endogenous asset accumulation to model Medicaid eligibility more realistically will be
an important but challenging area of research.
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Low Productivity Firms High Productivity Firms

Statistics ESHI No ESHI ESHI No ESHI
A. Steady-State Distribution of Health Status
[1] Fraction Observed Unhealthy in Steady State 0.0558 0.0703 0.0511 0.0570
[2] Fraction Unobserved Unhealthy in Steady State 0.5061 0.4557 0.4074 0.3920
B. Adverse Selection Effect
[3] Fraction of Unobserved Unhealthy Among New Hires 0.4530 0.4240 0.3953 0.4032
C. Health Improvement of Health Insurance (Observed Health Status)
[4] One-Period Ahead Fraction of Unhealthy Among New Hires  0.0576 0.0629 0.0543 0.0570
[5] Nine-Period Ahead Fraction of Unhealthy Among New Hires  0.0536 0.0786 0.0518 0.0638
D. Retention Effect
[6] Job-to-Job Transition Rate for Observed Healthy Workers 0.01884 0.02038 0.00021 0.00039
[7] Job-to-Job Transition Rate for Observed Unhealthy Workers  0.00081 0.01512 0.00001 0.00057

Table 2: Understanding Why High-Productivity Firms Are More Likely to Offer Health Insurance than
Low Productivity Firms.

Notes: For the simulations reported in this table, the low-productivity and high productivity firms are the firms with the
bottom 20% and top 20% of productivity in our discretized productivity distribution support.
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Variable Names Mean  Std. Dev.
Average Firm Size 21.020 54.542
... for those that offer ESHI 29.961 68.577
... for those that do not offer ESHI 7.909 12.325
Fraction of Firms Offering ESHI 0.595 0.491
.. among firms with less than 50 workers 0.569 0.495
.. among firms with more than 50 workers 0.934 0.247
Fraction of employees with annual salaries $21,000 or less 0.21 0.31
... for those that offer ESHI 0.12 0.23
... for those that do not offer ESHI 0.32 0.36
Fraction of employees with annual salaries $50,000 or more  0.23 0.28
... for those that offer ESHI 0.27 0.29
... for those that do not offer ESHI 0.18 0.26
Table 5: Summary Statistics: Kaiser 2004-2007.
Male Female Children
Parameter Estimate Std. Err. Estimate Std Err. Parameter Estimate Std. Err.
Panel A: Parameters in Equation
afnl;f: hi=Hy, %=1 -1.3404 (0.0218) -0.9179  (0.0156) 1(z=1) -0.8280  (0.4762)
hi=Uy,z = -1.6405 (0.0751) -0.3487  (0.0336)
hi=H,z=0 -2.5369 (0.0375) -2.0467  (0.0288) 1(z=0) 0.0971 (1.5698)
hi=U1,2=0 -1.1457 (0.0261) -1.0000  (0.0346)
Clamy 1 (EQ: Ug) 1.9504  (0.0857) 1.5498  (0.0483)
Panel B: Parameters in Equation
ﬂf,j;f: hi=H,, % = -4.2380  (0.0197) -4.9455  (0.0103) 1(z=1) -4.4614  (0.909)
hi=Uy,z=1 -3.6970  (0.0356) -5.3239  (0.013)
hi=Hy,2=0 -5.4492  (0.0258) -6.2975  (0.0139) 1(z=0) -4.5638  (2.2295)
hi=U1,2=0 -4.1777  (0.0258) -5.6968  (0.0235)
aih hi=Hy, %=1 1.7462 (0.0028) 1.4918 (0.0033) 1(z=1) 1.8996 (0.3721)
hi=Up,2=1 1.9167 (0.0015) 1.9679 (0.0015)
hi=Hy,2=0 1.9511 (0.0055) 1.7363 (0.0047) 1(z=0) 2.0716 (1.1646)
hi=U1,%=0 1.5823 (0.0054) 1.7712 (0.0133)
Comy 1 (ﬁgz U2) 15423 (0.0398) 25641 (0.0143)
Panel C: Parameters in Equation @[)
Qs0x Constant -1.4243 (0.0073) -1.2362  (0.0102)
Qs1y 1(h1t= H1) 0.2416 (0.0152) 0.7439 (0.0188)
Qls2y 1(2=1) 2.5631 (0.0224) 1.5718 (0.0189)
s3y  1(8=1Ahy=Hy) -2.6907 (0.042) -1.1935  (0.0324)

Table 6: Step 1 Parameter Estimates for the Medical Expenditure Processes for Adults.
Note: See Eqgs. and for details of the medical expenditure processes. The unit of medical expenditure is $10,000.
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Male Female

Parameter Estimate Std. Err. Estimate Std. Err.
Panel A: Health Transition Parameters in 7T>1<h1h/1
7T)1<H1H1 0.9788 (0.0231) 0.9799 (0.0217)
ﬂ-;l(UlUl 0.5696 (0.1671) 0.7142 (0.1813)
Panel B: Health Transition Parameters in 7r?< Bk,
7T§H1 H, 0.9740 (0.0350) 0.9673 (0.0494)
W%Ulm 0.7018 (0.2040) 0.7983 (0.1999)

Table 7: First Step Parameter Estimate for the Health Transitions , by Gender and Health Insurance
Status.
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Parameter Descriptions Estimate Std. Err.

Panel A: Labor Market Frictions

Job Offer Arrival Rate for Unemployed N [Eq. :

Constant: Ay 0.016 (0.0041)
1= U1): Aut 0.200  (0.0097)
1(Female):Ay2 -0.646 (0.0024)
1(HasChildren): A3 0.018 (0.0021)
1(Married): Aus 0.033  (0.002)
Job Offer Arrival Rate for Employed \X® [Eq. :
Constant: A -1.370 (0.0098)
1= U1): et 0173 (0.0204)
1(Female): Ao -1.297 (0.0064)
1(HasChildren): Acs -0.348 (0.003)
1(Married): Aeq 0.102 (0.0041)
Job Destruction Rate 5™ [Eq. :

Constant: d -2.851 (0.0011)
(b= U,): & 0.806  (0.0054)
1(Female): 6 0.031  (0.0092)
1(HasCh11dren) 03 -0.101 (0.0032)
1(Married): 04 -0.698 (0.0052)
Panel B: Risk Aversion Parameters v, [E-4]

Male 3.708 (0.0292)
Female 4878 (0.0017)
Panel C: Flow Consumption of Unemployed b,,
Single Man 0.017 (0.0022)
Married Man without Children 0.018 (0.0053)
Married Man with Children 0.017 (0.0026)
Single Women without Children 0.019 (0.001)
Single Women with Children 0.018 (0.0012)
Married Women without Children 0.022 (0.0009)
Married Women with Children 0.018 (0.0005)

Table 8: Parameter Estimate from Step 2.
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Parameter Descriptions Estimate Std. Err.

Panel D: Preference Shocks

Standard Deviation of Preference Shock to Work: oy, 0.165 (0.0067)
Standard Deviation of Preference Shock to Private Insurance: o,y 0.002 (0.01)
Panel E: Firm-Side Parameters
Productivity Effect of Bad Health: dy, 0.401 (0.0117)
Location Parameter of Firm Productivity Distribution: s, -0.288 (0.0035)
Scale Parameter of Firm Productivity Distribution: o, 0.579 (0.0006)
Mean of Fixed Cost of Offering ESHIL: C' 0.275 (0.7469)
Smoothing Parameter of the Fixed Cost of Offering ESHI: o ¢ 0.150 (0.0192)
Panel F: Other Parameters

Worker Size: M 21436 (0.2267)
Loading Factor in Pre-ACA Individual Insurance Market: &;; 0.690 (0.0046)
Consumption Floor: ¢, 0.005 (0.0022)
Medicaid Eligibility Probability for the Employed f5,;(x,y) [Eq. :

1(HasChildren): of,, 1.010 (0.0174)
1(NoChildren): a¢,, 2947 (0.7771)
Income: af,, 2.528 (0.0142)
Income?: af 4 1.325 (0.0124)

Medicaid Eligibility Probability for the Unemployed f¥(x) [Eq. @/
1(HasChildren): a&, 1.391 (0.049)

1(NoChildren): o -3.466 (0.1699)

ml

Table 8: Parameter Estimate from Step 2, Continued.
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Fraction with

Mean of Expenditure Variance of Expenditure .
Zero Expenditure
Obs. Health/HI  Data Model Data Model Data Model
A. Male

(hy =U1,2=0) 0.174 0.171 0.352 0.352 0.337 0.333

(hi=U1,2=1) 1.093 1.117 11.707 11.707 0.109 0.108

(hy = H1,2=0) 0.048 0.044 0.091 0.091 0.608 0.612

(hy =Hy;,#=1) 0.153 0.155 0.149 0.149 0.273 0.276
B. Female

(hy =Uy,2=0) 0.196 0.198 0.179 0.179 0.211 0.209

(hy =Uy,2=1) 0.860 0.846 6.519 6.519 0.023 0.025

(hi = H1,#=10) 0.080 0.073 0.058 0.058 0.384 0.391

(hy =Hp,z=1) 0.286 0.294 0.515 0.515 0.107 0.101
C. Children

(z=0) 0.064 0.064 0.061 0.061 0.337 0.337

(z=1) 0.140 0.140 0.336 0.336 0.108 0.108

Table 9: Cross-Sectional Fit for Medical Expenditure: Model vs. Data.
Note: The unit of medical expenditure is $10,000 at the annual level.
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. . Fraction of Zero
Covariance of Medical . .
. Medical Expenditures
Expenditure Over Two Years
Over Two Years

Obs. Health/HI in Years t and ¢ Data Model Data Model
A. Male
fg = Ur, 1= 0 0.050 0.049 0.211 0.200
hiy = Uy, Zop=0
fny = U, 2= 0 0.012 0.014 0.284 0.306
hiy = Hi,Zop=0
= T = 1
fng = U, &g 0.161 0.098 0.057 0.059
hiy = Hy, Zop=1
e = i, =0 0.004 0.004 0.484 0.475
hiy = Hy,Zop=0
fag = Hy, 81=0 0.015 0.013 0.270 0.261
hiy = Hy,Z9p=1
fg = Hl"f”: 1 0.037 0.041 0.144 0.147
hip = Hy, Bop=1
B. Female
hie = Un, =0 0.055 0.049 0.099 0.104
hlt’ = Ul; Lot = 0
fae = U1, 81=0 0.014 0.015 0.167 0.161
hlt’ = Hl,l’gt/: O
= T = 1
hae = Un, &y 0.025 0.057 0.021 0.015
hipy = Hy,Zop=1
hiy = H1»9f1t: 0 0.003 0.004 0.248 0.244
hiy = Hy,Zop=0
= H 1=
e = Hy, @y =0 0.000 0.010 0.104 0.102
hiy = Hy,Zop=1
hiy = Hy, 2= 1 0.046 0.029 0.035 0.043

hiy = Hy,Z9p=1

Table 10: Time Series Fit for Medical Expenditure: Model vs. Data.
Note: The unit of medical expenditure is $10,000 at the annual level.
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Male Female
Data Model Data Model
Panel A: Insured Throughout the Year
Healthy to Healthy 0.963 0.938 0.956  0.941
Unhealthy to Unhealthy  0.172  0.185 0.386  0.364
Panel B: Uninsured Throughout the Year

Healthy to Healthy 0.949 0.924 0.943  0.905
Unhealthy to Unhealthy  0.222  0.346 0.556  0.509

Table 11: Fit for Annual Health Transitions of Observed Health Component by Gender and Insurance
Status: Model vs. Data.
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Obs. Health Data Model
Panel A: Unemployment to Employment Transition

Healthy 0.48 0.41

Unhealthy 0.38 0.34
Panel B: Employment to Unemployment Transition

From Jobs without ESHI to Unemp. Healthy 0.03 0.04
Unhealthy 0.10 0.08
From Jobs with ESHI to Unemp. Healthy 0.01 0.03

Unhealthy 0.01 0.07
Panel C: Job-to-Job Transition

From Jobs w/o ESHI to Jobs w/ ESHI ~ Healthy 0.07 0.02
Unhealthy 0.01 0.02
From Jobs w/o ESHI to Jobs w/o ESHI  Healthy 0.07 0.02
Unhealthy 0.09 0.01
From Jobs w/ ESHI to Jobs w/ ESHI Healthy 0.01 0.01
Unhealthy 0.00 0.01
From Jobs w/ ESHI to Jobs w/o ESHI  Healthy 0.05 0.01

Unhealthy 0.04 0.01

Table 14: Workers’ Labor Market Transitions by Observed Health Status: Model vs. Data.

Data Model
Average Firm Size 21.020 20.748
Fraction of Firms with Fewer than 50 Workers 0.929  0.903
ESHI Offering Rate for Firms with Fewer than 10 Workers  0.467  0.446
ESHI Offering Rate for Firms with 10-30 Workers 0.744  0.452
ESHI Offering Rate for Firms with 30-50 Workers 0.862  0.678

ESHI Offering Rate for Firms with More than 50 Workers 0.934  0.935

Table 15: Employer-Side Moments: Model vs. Data.

Data Model
All Population 0.074  0.072
Male Only 0.054  0.063

Female Only 0.092  0.096

Table 16: Mean Four-Month Medical Expenditure: Model (predicted in the steady-state equilibrium) vs.
Data (MEPS)

The unit of medical expenditure is $10,000 at the 4-month level.
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Labor Market Statistics:
Fraction of Firms Offering ESHI
.. if firm size is at least 50

...if firm size is less than 50
Unemployment Rate
Average Wages of the Employed
.. among firms offering ESHI
.. among firms not offering ESHI
Distribution of Health Insurance Status:

Uninsured

ESHI

Individual Insurance

Medicaid

Spousal Insurance
Premium in EX ($10,000)

Benchmark ACA

(1)

0.525
0.935
0.480
0.079
0.989
1.070
0.798

0.213
0.595
0.034
0.050
0.108
N/A

(2)

0.459
0.989
0.400
0.079
0.992
1.110
0.766

0.066
0.580
0.112
0.099
0.143
0.150

ACA w/o
IM

(3)

0.419
0.965
0.357
0.079
0.997
1.126
0.798

0.114
0.536
0.098
0.102
0.150
0.175

ACA w/o
EM

(4)

0.438
0.918
0.383
0.079
0.995
1.109
0.797

0.075
0.555
0.121
0.101
0.147
0.151

ACA w/o
Premium Subsidy

(5)

0.564
0.998
0.515
0.078
0.969
1.045
0.701

0.157
0.681
0.000
0.037
0.125
0.419

Table 17: Counterfactual Policy Experiments: Key Statistics under the Benchmark Model, the ACA and

Other Health Care Reform Proposals.
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Low-Productivity Firms High-Productivity Firms
ESHI No ESHI ESHI No ESHI

Fraction of Unhealthy (Unobserved)

among New Hires

0.443 0.434 0.400 0.402

Table 18: Adverse Selection Effect under the ACA: Low Productivity vs. High Productivity Firms.

Data Model
Pre-ACA (2012) ACA (2015) Pre-ACA (2004-2007) ACA (2015)
Uninsured 0.386 0.280 0.213 0.119
ESHI 0.480 0.521 0.703 0.685
Individual Insurance 0.037 0.071 0.034 0.118
Medicaid 0.097 0.127 0.050 0.078
Unemployment Rate 0.116 0.080 0.079 0.079

Table 19: The Early Impact of the ACA: Model vs Data.
Note: In this table, we define the ESHI as the fraction of individuals who have ESHI either through their own employers or
through their spouses. We make this choice because the ACS data does not distinguish whether the source of ESHI coverage
is one’s own or spousal ESHI.
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No ESHI
EX EX+Sub EX+IM EX+EM o ES

EX+Sub+IM
(1) (2) (3) (4) (5)
Labor Market Statistics:
Fraction of Firms Offering ESHI 0.521 0.410 0.562 0.523 0.000
.. if firm size is at least 50 0.980 0.828 0.990 0.996 0.000
...if firm size is less than 50 0.469 0.362 0.513 0.469 0.000
Unemployment Rate 0.080 0.079 0.078 0.080 0.080
Average Wages of the Employed 0.986 1.001 0.969 0.986 1.045
.. among firms offering ESHI 1.077 1.116 1.046 1.078 N/A
.. among firms not offering ESHI ~ 0.745 0.845 0.707 0.733 1.045
Distribution of Health Insurance Status:
Uninsured 0.191 0.129 0.158 0.186 0.387
ESHI 0.632 0.507 0.680 0.639 0.000
Individual Insurance 0.000 0.107 0.000 0.000 0.427
Medicaid 0.041 0.104 0.037 0.040 0.184
Spousal Insurance 0.136 0.153 0.126 0.135 0.002
Premium in EX ($10,000) 0.425 0.175 0.426 0.414 0.160

Table 20: Counterfactual Policy Experiments: Evaluation of Various Components of the ACA, and No
ESHI.
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Benchmark ACA
Exempt No exempt Exempt No exempt

(1) (2) (3) (4)
A. Labor Market Statistics
Fraction of Firms Offering ESHI 0.525 0.326 0.459 0.342
.. if firm size is at least 50 0.935 0.617 0.989 0.842
...if firm size is less than 50 0.480 0.290 0.400 0.278
Unemployment Rate 0.079 0.081 0.079 0.080
Average Wages of the Employed 0.989 1.013 0.992 1.014
.. among firms offering ESHI 1.070 1.130 1.110 1.186
.. among firms not offering ESHI 0.798 0.919 0.766 0.839
B. Distribution of Health Insurance Status
Uninsured 0.213 0.318 0.066 0.124
ESHI 0.595 0.383 0.580 0.429
Individual Insurance 0.034 0.072 0.112 0.182
Medicaid 0.050 0.057 0.099 0.115
Spousal insurance 0.108 0.169 0.143 0.150
C. Worker’s Utility, Government Expenditure and Revenues
Average Worker Utility (CEV, $10,000)  0.597 0.598 0.611 0.603
Average Firm Profit ($10,000) 1.227 1.223 1.241 1.230
Average Tax Subsidies to ESHI 0.021 0.000 0.020 0.000
Average Exchange/Medicaid subsidies 0.003 0.004 0.031 0.047
Revenue from Penalties 0.000 0.000 0.001 0.002

Table 21: Counterfactual Policy Experiments: Evaluating the Effects of Eliminating the Tax Exemption
for EHI Premium under the Benchmark and the ACA.
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Online Appendix
(Not Intended for Publication)

A Numerical Algorithm to Solve the Equilibrium of the Benchmark
Model

In this appendix, we describe the numerical algorithm used to solve the equilibrium of the benchmark

model in Section [l

1. (Discretization of Productivity). Discretize the support of productivity [p, p] into IV finite points
{p1,...,pN}, and calculate the probability weight of each p € {p1,...,pn} using T’ (p)E|

2. (Initialization). Provide an initial guess of the wage policy functions and the health insurance offer
s 0,0 1,0
probability (Wh? (p),wh(l) (p), Ao(p)> for all p € {p1,....,pn}.

3. (Iterations). At iteration ¢ = 0,1, ..., do the following sequentially, where we index the objects in

iteration ¢« by superscript ¢ :

(a) Given the current guess of the wage policy function and the health insurance offer probability
(ng(p)’wllzf(p)’ Ab(p)>7 use and |D to construct the offer distributions Fy, (wp,, E).

(b) Using F}, (wp,, F), numerically solve for the worker’s optimal strategy <2§fh(ﬁ)hl EB), QXEh (n,, E(z)),

X (on,y, B, wyg, B(x)), 25 (wyo, B () ,h),@zh,@gh(whl)> as described in Section [3.3.2} calcu-

late the value functions Uy, and Vyy, (wp, , E). Moreover, calculate Vi, (w, E) for w € W, where
W is the discrete set of potential wage choices.
(c) For different insurance source z € {0, 1, ...,4}, calculate the unemployment rate u,,(x) and the

employment distribution eiﬁsiﬁ(wi(m)’b(p)) for all p € {p1,...,pn} by solving functional fixed

point equations , and ﬂ

(d) Calculate N <wfo’b(p),E) and n* (wfd‘(p),E) for all p by respectively using 1) and 1)
1 1
Moreover, calculate nf, (w, E) and n* (w, E) for all w € W;

(e) Update the firm’s optimal policy (Wgzl)*b(p), W}L;f*b(p)) for all p using and

(f) Given (WZb”(p),W}@“(p)) , calculate II§*(p) and II7*(p) from 1) and || and obtain A*(p)
1
by using (37]).

4. (Convergence Criterion)

!See [Kennan| (2006) for a discussion about the discrete approximation of the continuous distributions. In our empirical
application, we set N = 150; and set p1 = 0.5 and py = 6. Although this choice should be arbtitrary, we choose it so that
the profit from hiring a worker who are initially unhealthy net of the health insurance cost for the lowest productivity firm
remains the positive. Otherwise, one must consider the threshold firm productivity where the firms with the productivity
belows the threshold may only hire initially healthy workers. This creates additional technical complications which may not
be central issues for our focus. We also experimented with N = 200, 250 and the results are similar.

2 Although we do not have a proof that the unique fixed point exists, we always find a unique solution regardless of the
initial guesses of uyn(x) and eihsih(wfl(x)(p)).

3For firms with the lowest productivity, we utilize the grid search to find the optimal wage policy. For other firms, we use

the numerical shortcut in the updating of <w2’0*" (p), W}IL’O*L (p)> using the equations derived in Proposition
1 1



(a) If (w0 (p), wy" (), A% (p)) satisfies d(w,i" (), Wi (9)) < etot, A(W,0" (9), W)is (p) < eror and
d(A*L( ), At(p )) < €401, Where €, is a pre-specified tolerance level of convergence and d (-, ) is

a distance metric, then firm’s optimal policy converges and we have an equilibrium.

(b) Otherwise, update (w OLH(p),Wl’LH(p),ALH(p)) as follows:

hy
W]Ol’(lJLH(P) = W (p)—i—(l )wg’(l)”(p),
Wfll’ng(P) = ww, o(p) + (1 - )W,llb*‘(p), (A1)

AT p) = wN( )+ (1= w)A™(p),
for w € (0,1) and continue Step 3 at iteration ' = ¢ + 1.

Given our convergence criterion, it is clear that the convergence point of our numerical algorithm will
correspond to a steady state equilibrium of our model.
The numerical shortcut we use for the updating in Step (3e) is the following:

Proposition 4. For each p, optimal wage policy must satisfy

> Lhen [(pdxh — M) Nxh (wh )] f DOND Y [ xh7xh (wh )} dp — 11, g (»)
(1+7p) Z Zhe’)—L Nxh ( (E) 1)

Z ZheH [pdxhnxh (wh )] pr Zhe’}-{ [ xhTlxh wfl) )] dp — 1_[o hO( )

wyo(p) = : (A3)
h9 (L+7p) 22, Dohen Mxh (“’211) (p), 0)

1x
WO (p) =

(A2)

where p is the lower bound of the productivity distribution support, and

Mag(p) = 305 [pdan — (L4 7wl () = mby] mn (wh(0),1). (A4)

X heH

Toag®) = D3 |pden — (L4 7)ui(0)] mn (s (0),0) (A5)

X heH

Proposition {4 is similar to that in Bontemps, Robin, and Van den Berg| (2000)). To prove (A2]), we use
the definition of IT; 4o (p) as defined by 1' and apply the Envelope Theorem to get:

g @) =303 [dwnan (i (0,1)]

X heH

for p > p. Taking integral over [p, p] and applying the boundary condition Hl’h? (]3) , we have the following
expression for IT; o (p) :

Iy 40 (0) / S5 [ (wg),1) ] d+ Ty (0) (A6)
P x heH
Now equating the right hand sides of (A4]) and (A6]), we obtain (A2). Analogously, (A3) is obtained by

applying the Envelope Theorem on Ho,h? (p)-

In Step (3e), we obtain the (wg’(l)*b(p),wi;f“( )))by plugging ( 0= l(p),w}ll’tlf_l(p)> on the left hand

sides of (A2)) and (A3)) respectively.



B Sample Classification in MEPS

To construct the data moments for medical expenditure, we need to classify each individual into different
health and health insurance categories. In the MEPS data, we observe individuals’ health insurance status
at the monthly frequency, and the observable component of the health status at the semi-annual frequency,
and the medical expenditure is observed at the annual frequency.

While there are several alternative approaches to classify the data in order to estimate the medical
expenditure processes described by and , we decide to conduct the analysis at the annual frequency
because of the fact that the medical expenditure is observed at the annual frequency in the data. We classify
the observed health status at the semi-annual frequency and health insurance at the monthly frequency at
the annual level. We adopt the following classification scheme.

For observed component of the health status, which is recorded semi-annually in the data, we let the
observed health component of period 1 of the year (the first four-months) corresponds to the observed health
status at the first month of the year; that of period 2 of the year (the second four-months) corresponds
to the observed health status at the seventh month of the year; and that of period 3 of the year (the
third four-months) corresponds to the observed health status at the first month of the next year. With is
classification at the period level, we then classify that an individual has healthy (or unhealthy) observed
health component in the year if he/she is healthy (or unhealthy, respectively) in at least two out of the
three periods of the year.

Similarly, for health insurance status, which is observed at the monthly frequency. we first construct the
insurance status at each four-month period. We assume that an individual’s health insurance status and
source in the first period of the year corresponds to that recorded for January; second period corresponds
to May; third period corresponds to September. With this classification at the period level, we then classify
that an individual is insured in this year if he/she has health insurance in least two out of three periods of
the year. Otherwise, he/she is considered uninsured in the year.

C Steady State Equilibrium of the Counterfactual Economy

The steady state equilibrium for the post-ACA economy is somewhat more involved in the sense that
we need to describe the equilibrium premium in health insurance exchange, as well as the equilibrium
spousal insurance offer rate and premium. Formally, a steady state equilibrium in the post-ACA economy
is a list of objects, for all ¥ and h € H,

< (21>fh(wh1a E)aﬂth (whu E(x)) ) gglh(ﬂ)hl ) E~7 wh(l)a E(x))7 5§2h(wh(1)’ E (.’E)), {}a{hv ﬁé(h(th) ) >
(tn (@) €200 ST (wn) ) » (Wi (0) Wi (), A (9) ), Py (i, B), REX, RSP, fsp(g) [

such that the following conditions hold:

e (Worker Optimization) Given Fy,, (wy,, F) and the flow utility function updated in (54), for each
x and h € H,

— an unemployed type-x worker with health status h will
% accept a job offer (wy,, F) if and only if €,,, < iffh(wh?, E), as described by ;

* purchase individual health insurance if and only if €, ;; < ﬁffh, as described by , if
he/she does not receive spousal health insurance and Medicaid.



— if a type-x worker with health status h who is currently employed at a job <wh(1),E) receives
an on-the-job offer (u?hl,E) , he/she will:

% switch to job (ﬂjhl,E> if and only if Wy, > th (whcl), E(a:)) and €y, < Eé‘fl(zbhl,E,wh?, E(x)),
as described by and ;
* quit into unemployment if €,,, > é"fflh (lbhl,E s Who, E(x)), as described by ;

* stay at the current job (wh?’ E) , otherwise.

— if a type-x worker with health status h who is currently employed at a job (wh(l),E> does
not receive an on-the-job offer, he/she will stay at the current job instead of quitting into
unemployment if and only if €, < 22‘211 (wpo, B (2)), as described by .

— A type-x worker with health status h employed on a job (wp,, F = 0) will purchase private
individual health insurance if and only if €, 77 < ﬁé‘h(whl), as described by , if he/she does
not receive spousal health insurance and Medicaid.

e (Steady State Worker Distribution) Given Fj,, (wy,, E) and workers’ optimizing behavior de-
scribed by <2§fh(ﬁjh1,E~),w§h (i, B(x)), 2P (@, , B, wpo, E(x))

Eé‘;(wh?, E (2)), 55", 6X (wy,), <uxh (), eSn S)”éh(whl)) > , satisfy the steady state conditions described

by 21), @3), and B1);

e (Firm Optimization) Given Fj, (wp,,E) and the steady state employee sizes implied by
uxh,eih,S;h(whl) , a firm with productivity p chooses to offer health insurance with probabil-
ity A (p) where A (p) is given by (7). Moreover, conditional on insurance choice E, the firm offers

a wage WZ?E (p) that solves and respectively for E € {0,1}.

e (Equilibrium Consistency) The postulated distributions of offered compensation packages are
consistent with the firms’ optimizing behavior (W;‘f (p),A (p)) . Specifically, Fy, (wp,, F) must sat-
isfy:

Fan (wps1) = /0°°1<w;;1 (p) < w)A(P)T(p), (1)

Fn, (wny,0) = /0 T 1wl (p) < w) [1 - A(p)] dL(p). (C8)

e (Equilibrium Condition in Insurance Exchange) The premium in exchange is determined so

as to satisfy .

e (Equilibrium Spousal Insurance) The premium and the offer rate of spousal health insurance
are given by in exchange is determined so as to satisfy and ().

C.1 Numerical Algorithm for Counterfactual Experiments

We now briefly explain how to numerically solve the steady state equilibrium of the post-ACA economy.
There are two necessary adjustments from the numerical algorithm described in Appendix [A] for the
benchmark economy. First, we need to solve the equilibrium insurance premiums: RFX for the insurance
exchange and R for the spousal insurance, as well as the equilibrium spousal insurance offer probabilities



of fsp(x,). In each iteration, we also update (RFX, RSP, fgp(xg)) based on the break-even conditions

and and the employment distribution .

The second necessary adjustment is to account for the size-dependent employer mandate. We need

to modify Step 3(e) of the numerical algorithm described in Appendix |A| for the benchmark economy,
0,%¢
hi
presence of size-dependent employer mandate penalties.

The modified Step 3(e) is as followsﬁ For iteration ¢ = 0,1,2,....

in particular, the iteration of the wage policies, w,y  (p), for firms not offering ESHI, to account for the

0,%¢
hy
mization based on the grid search as in the benchmark model.

(3e-i). For the wage policies w, ;" (p) of the firms with lowest productivity p, we solve the profit maxi-

(3e-ii). For firms whose size predicted in Step 3 (d) is below 50, we solve the wage policy utilizing (A3))
as in the benchmark model, because they are not subject to the employer mandate penalty.

(3e-iii). For firms whose size predicted in Step 3(d) is at least 50, we now need to deal with the employer
mandate penalty. Consider the firms with the lowest productivity among them. We solve this firm’s
problem as follow:

1. First, we consider the potential profit if this firm chooses \?V?Z’clf(p) = (”uﬁgfl (p), wgf(p)> to obtain
a firm size precisely below 50 (in practice, we set 49.9) so as to avoid paying the penalty. We
use the grid search algorithm to choose v‘vzg’b(p) that generates the highest profit.

1
2. Next, we consider the potential profit if this firm chooses v“vg’?b (p) = (Uf)% (p), ZDIOJIL (p)) that leads

to a firm size more than 50 and pay employer mandate tax penalty. We use the grid search
algorithm to solve the the profit maximization problem described by .

3. Compare the profits from (3e-iii-1) with (e-iii-2). If the former is higher, then we conclude
that this firm chooses to stay below size 50; we then solve the problem for the firm with the
next productivity level by repeating the step (3e-iii-1) and (3e-iii-2); if the latter is higher, we
conclude that this firm chooses to pay the tax penalty, and we then move to the step (3e-iv)
below, and record the productivity level as p**.

(3e-iv). For other firms, we solve the optimal wage using the modified wage policy function, which now
takes into account the employer mandate penalty:

_ ZX Zhe?—t {pdxhnxh (w2§ (p**),())] - pp** ZX Zhe?—t [dxhnxh <w2§ (p), 0)] dp — Ho,h? (™) — cem
(1+7p) 3, Cher ixh (w% ("), 0)

)

(C9)
where cgys is the marginal employer mandate tax penalty and p** is the maximum productivity level
obtained at the step (3e-iii). The derivation of this equation is similar to the one without employer
mandate penalty.

Remark 5. One issue of having an equilibrium model with a mass point is that the prediction of the model
may be affected by the number of grid points for firm productivity. We address this issue by having a fine
grid for productivity levels. As in the previous version of the paper (Aizawa and Fang (2015)), one can

also approximate the employer mandate as a smooth function of firm size. This could avoid removing the

4This algorithm is originally developed in [Aizawal (2017).



mass point around the threshold of 50. The cost of using this approximation is that, when firms choose a
menu of wages contingent on observed health component, one can no longer apply the wage policy iterations
- derived from the envelope conditions. The reason is that, because the employer mandate is not
linear in firm size, the choice of wage policy for each observed health type should be determined jointly, as
highlighted in Step (3e) above.

D Adjusting the ACA Provisions for 2011 into Applicable Formulas for
the 2007 Economy

Individual Mandate Penalties. We adjust formula in several dimensions. First, the $695 amount
is adjusted by the ratio of the 2007 Medical Care CPI (CPI_-Med_2007) relative to the 2011 Medical Care
CPI (CPI-Med-2011); this is appropriate if we believe that the amount $695 is chosen to be proportional
to the 2011 medical expenditures. We then multiply it by 1/3 to reflect the fact that the period length
of our model is fourth months instead of a year. Second, we need to adjust the TFT_2011 by the ratio
of 1996 CPI of all goods (CPI_All_2007) relative to the 2011 CPI of all goods (CPI_All.2011) and also
multiply it by 1/3 to reflect that our income is the four-month incomeE] Finally, we need to adjust the
percentage 2.5% by the differential growth rate of medical care and GDP, i.e., multiply it by the relative
ratio of SLLMed2007 ) 4 CPLMed 2011 it} these adjustments, we specify the adjusted penalty associated

CPI_AII_2007 CPI_AII 2011 °
with individual mandate appropriate for the 2007 economy as:

CPI_Med_2007 CPIMed_2011 1 CPLAIL2007
0.025 x (Gpiansoor) / ( CPI,All,zouc);I< l\gyd_ s TFT_2011 X &pramsort) -
1 Med_2007
3 % $695 X Epriteazort

Py (y) = max

Q

0.025
max {103 x (y — 2,919), $207} , (D10)

where y is four-month income in 2007 dollars.

Employer Mandate Penalties. We adjust formula by first scaling the $2,000 per-worker penalty
using the ratio of the 2007 Medical Care CPI relative to the 2011 Medical Care CPI, and then multiply it

by 1/3 to reflect our period-length of four months instead of a year, i.e.,

_1oaca CPI_Med_2007

o Ved 207 D11
578 () X ST Med 20117 (D11)

Pg(n)
where PZ¢4 (n) is given by .

Income-Based Premium Subsidies. We adjust the income-based premium subsidies (62)) to account
for the fact that in our analysis y is measured as four-month income at 2007 as follows:

0, otherwise.

(D12)

E Tax Function Estimation

In this section, we describe how we estimate the tax function using Kaplan| (2012))’s specification with

our estimation samples. We restrict our samples to be those who are employed. First, we multiply the

We obtain CPI data for medical care and all goods both from Bureau of Labor Statistics website:
http://www.bls.gov/cpi/data.htm.

EX y—FPL140 (3y—FPL138) CPI_Med_2007 : FPL138 FPL400
max {R - [0‘035®< ) + 0.06 7pra60—FPrass | ¥ X GPIMed 2011 0} ity e (5595, 55)



four-month wages y,which we directly observed in our data used in the estimation, by 3 to convert them to
annual income, i.e., Y = 3y. Using our after-tax income formula T (-) as specified in @, the tax payment

at annual income Y is simply:

y (1+72)

TAX(Y)=Y -T(Y)=Y — B ——
(Y) (Y) T T

In order to estimate 71 and 72, we note that
1-TAX'(Y) =71V
where TAX'(Y) is marginal income tax rate. Taking the logarithm, we have
In[1-TAX'(Y)] =ln7y +72InY.

To estimate 71 and 79, we regress logarithm of 1 minus the marginal tax rates for each individual in the
sample on annual labor earnings. Individuals’ marginal tax rates are calculated using the National Bureau
of Economic Research’s TAXSIM program, which includes federal income tax, state income tax, and the
employee-portion of the payroll income tax. Once we obtain 71 and 79 from the above regression, we set
7o to the value that equates the actual average tax rate in the sample (as computed by TAXSIM) to that
implied by the above equation.

After obtaining those parameter estimates (7(),77,75), we feed them in the model by adjusting the
magnitude to fit the four-month income level y; specifically, the adjustment yields the following after-tax

income scheduleff] X
L (3y)! T

1
—— *
T =3|m0+ 1+ 73

5Based on the same approach, we also adjust the scale of tax function so that the unit of income is $10,000.
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