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Abstract

This paper analyzes the income manipulation to thresholds in eligibility for
a subsidized program in the Massachusetts health insurance reform, the state-
level precursor to federal health care reform. Using data from the American
Community Survey, I test for the existence of income manipulation and find clear
evidence around the thresholds of 150 percent and 300 percent of Federal Poverty
Level. The lower threshold falls between plans with zero and positive out-of-
pocket premiums, and the effect is concentrated among the self-employed. The
higher threshold is the upper limit of income for the eligibility of subsidy, and is
concentrated among wage workers. I also estimate the elasticity of labor supply
with respect to wage rate using the manipulation evidence, and calculate the

welfare loss due to the subsidized program.
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1 Introduction

The U.S. health care reform created by the Affordable Care Act (ACA) relies heavily on
subsidies to low- and middle-income households to ensure that health insurance purchased
through health insurance marketplaces, the Exchanges, is affordable. While these subsidies
expand insurance coverage, the income thresholds used for determining eligibility for subsi-
dies may have the unintended effect of reducing incentives to work. This labor supply effect
has been a major concern of the reform for both researchers and policymakers. The Congres-
sional Budget Office (CBO) predicts that the ACA will decrease employment by 2 million in
2017 (CBO (2014)). While the employment reduction is affected by multiple polices such as
Medicaid expansion and insurance mandate, the greatest impact is from the decrease of labor
supply due to insurance subsidy in the Exchanges. Whether and how the population partic-
ipate in the Exchanges is essential to detect the impact of subsidies to the work incentives in
the labor markets.

Previous studies have shown that discrete income thresholds generated by the U.S. income
tax schedule and social welfare programs have had a significant impact on labor supply,
but current knowledge of the behavioral response to the subsidies in the health insurance
Exchanges is very limited (Medicaid: Moffit & Wolf (1992), Yelowitz (1995); Income Tax:
Saez (2010), LaLumia (2009); Social Security: Friedberg (2000)). The ACA regulates that
individuals are eligible to purchase plans in the Exchanges, only if they have no access to
other insurance such as employer-sponsored health insurance or Medicaid. The Exchange
population have different social economic characteristics than the population eligible for
other programs, suggesting that the estimates from other programs may not appropriate to
apply to the Exchanges. Understanding the behavioral response to the Exchange subsidies is
crucial for designing the subsidy schedule, projecting the federal budget, as well as estimating
the social welfare impacts.

In this paper, I explore the potential for incentive effects of health insurance subsidies, and

examine the magnitude quantitatively in the context of Massachusetts health reform, which



is implemented in 2006. Since the Massachusetts health reform was a model for national
health reform, the subsidy structure is similar to that in the ACA. Both subsidy schedules
include multiple income eligibility thresholds with the value of the subsidy falling discretely
when income exceeds one of these thresholds. Specifically, I examine the incentives of income
manipulation for the population with income around those thresholds, and quantitatively
estimate the impact of change of work incentive to the labor supply based on the evidence
of income manipulation.

I begin by testing for behavioral response to the subsidy schedule. The subsidized program
has a piecewise structure with multiple thresholds. Households with income slightly above the
thresholds have incentives to lower their income in order to be eligible for greater subsidies. I
use a Regression Discontinuity (RD) approach to explore changes in the income distribution
around these thresholds, based on the assumption that the density of income would be
continuous around thresholds in the absence of the discontinuous subsidy schedule, but may
become discontinuous as enrollees move their income below a threshold (McCrary (2008)). I
extend the McCrary approach by comparing the impacts between pre-reform and post-reform
periods. This difference-in-difference RD approach takes into account other social programs,
such as Medicaid, that may generate time-invariant discontinuities in the income distribution.

I explore the impacts empirically using data from the American Community Survey
(ACS), a dataset providing a large enough sample to detect changes in the income distribu-
tion. The key variable is household income in relation to the Federal Poverty Level (FPL),
which is the measure used to determine subsidies by the Exchanges. Income manipulation in
this analysis refers to individuals’ control of income that is used to determine the amount of
subsidies. The manipulation could be achieved through underreporting of income, or change
of labor supply. The income variable in the ACS comes from self-reported surveys, and may
include measurement errors. However, since ACS is not used by the Exchanges to deter-
mine the subsidies, I assume that individuals have no incentive to misstate their income, or

equivalently that the measurement error is not correlated with the subsidy schedule.



I find clear evidence of income manipulation in response to the subsidy schedule, by
comparing the income density below and above the thresholds, and between pre-reform and
post-reform periods. Among the four thresholds created by the subsidy schedule, income
discontinuities emerge at 150 percent of FPL and 300 percent of the FPL.! The former is
the threshold between plans with zero and positive out-of-pocket premiums, and therefore
may be particularly relevant to low-income consumers. The latter is the upper limit of the
income range for the eligibility of any subsidies, and is also the threshold with the largest
benefit difference for consumers in the schedule. The manipulation around the threshold
of 150 percent of FPL is concentrated among the self-employed, the group may be able
to manipulate their income more easily. The manipulation around the 300 percent FPL
is concentrated among wage-workers, who may only manipulate their income when they
notice the existence of the subsidies, or the gains are large enough. These results are similar
to findings in previous studies. Dague (2014) shows that consumers’ reaction to premium
changes in Medicaid is much larger in the zero to positive threshold than other thresholds.
Saez (2010) reports that the bunching of earnings a kink in the Earned Income Tax Credit
is concentrated among the self-employed.

In order to help interpret the magnitude of the observed changes, I apply a structural
model of labor supply to estimate the supply elasticity with respect to the effective wage
rate. Consumers face a tradeoff between income and leisure, and choose their level of effort,
i.e., hours worked, to maximize utility. In the absence of insurance subsidies, wage income is
the only source of income, and the optimal effort is identified from the income distribution in
the pre-reform periods. After the implementation of health insurance subsidies, consumers
adjust their effort, and the income distribution altered. The labor supply elasticity affects the
magnitude of effort adjustment, and is identified from the changes of the income distribution
between the pre- and post-reform periods.

Quantitatively, I find the labor supply elasticity to be small, around 0.01, implying that

!The four income thresholds are 150, 200, 250 and 300 percent of the FPL.



only the population in a limited income range around the thresholds respond to these in-
centives. Individuals who adjust their income from just above the threshold to just below
benefit from less effort and greater total income (wage income plus the subsidy). Only in-
dividuals with higher income face a tradeoff between leisure and income, since, in order to
reach the threshold, they must experience large income reductions that are not fully offset
by the subsidies. The small labor supply elasticity suggests that individuals with incomes far
above the threshold do not have strong incentives to change their effort to reduce income.

I also use the model to examine the implications of the supply response to the subsidies.
The behavioral response generates inefficiency by deviating effort from the optimal level, so
the decrease of wage income due to the subsidized program is a sufficient statistic of the
welfare loss of consumers. The income reduction is estimated to be $2.8 million in 2008,
which is only 0.4 percent of the total spending on subsidies of $628 million in that year. In
the future, this model can also be used to predict the response of the Exchange population
in the ACA where similar subsidy schedules are implemented, either at the state level or
nationwide, and to estimate the labor supply elasticity for the ACA Exchange population
when data is available.

My work is related to several distinct literatures. Recent studies have focused on the
impacts of Massachusetts health care reform on insurance coverage for young adults (Long
et al. (2010)) and children (Miller (2012)), insurance premiums (Graves & Gruber (2012)),
low income families (Chan & Gruber (2010)), and other aspects (Ericson and Starc (2012),
Chandra et al. (2010), Hackmann et al. (2012), Kolstad and Kowalski (2012b)). Two studies
have concentrated on the labor markets. Kolstad and Kowalski (2012a) analyze Employer-
Sponsored Health Insurance (ESHI), and find evidence of a substantial wage reduction asso-
ciated with ESHI. Heim and Lurie (2014) show that the Massachusetts reform has decreased
job separation. Instead of treating the multiple policy changes as a single reform, my paper
focuses on the subsidized program. This approach is similar to Antwi et al. (2013) who fo-
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the ACA contain numerous provisions, with differential impacts by subpopulation. Because
my model is calibrated on low- and middle-income individuals in Massachusetts, its results
are well suited for predicting the impact of subsidized programs, i.e., the ACA, on low- and
middle-income population.

Researchers have studied the labor market effects of insurance market reforms in several
states besides Massachusetts, including Oregon (Baiker et al. (2013), Tennessee (Garthwaite
et al. (2013)), and Wisconsin (Dague et al. (2013)). In each case, the evidence suggests
a negative impact of public insurance provision on employment. While my findings are
consistent with these papers, one advantage of my approach is its ability to predict behavioral
response for the population targeted by the insurance subsidies in the ACA Exchanges.

My paper is also related to a literature on the incentive effects of the U.S. welfare system
(see Moffit (1992) for a review). Previous studies have reported negative effects of welfare
programs on labor supply. In Medicaid, for example, Winkler (1991) finds disincentive on
female head labor supply. Moffitt & Wolfe (1992) find negative employment rate in Medicaid
benefit. Pei (2012) examines labor supply response of parents whose children are eligible for
CHIP, and finds no evidence of behavioral response. My work provides evidence of behavior
change in the Massachusetts welfare program, and is helpful to examine the population
response to the expansion of Medicaid in the ACA as well.

The methodology I use to model consumer tradeoffs between leisure and labor contributes
to a growing literature that uses nonlinear budget constraints to estimate labor supply elas-
ticity. For example, Brown (2013) estimates lifetime labor supply elasticity using a reform
of the California teachers’ pension system. Friedberg (2000) estimates the labor supply elas-
ticity using the social security earnings test. my analytical framework is based on the model
developed by Saez (2010), which I extend by embedding income uncertainty in the model to
allow for the possibility that people cannot perfectly control their income.

The paper is organized as follows. Section 2 describes the subsidies in the Massachusetts

reform and the national reform. Section 3 presents graphical evidence of income manipula-



tion. Section 4 contains the structural model and estimation results. Section 5 assesses the

welfare impact, and section 6 concludes.

2 Subsidized Insurance Program in the Massachusetts Reform and

the National Reform

2.1 The Massachusetts Reform

In the Massachusetts reform, people are required to purchase insurance plans, or they have to
pay penalties. In 2007, the penalty was $219, and in later years the penalty was up to 50 per-
cent of the premium for the lowest cost plan available through the Health Connector, which is
the marketplace for insurance plans in Massachusetts.? Three programs are provided to the
non-elderly population who are not covered by the Employer Sponsored Health Insurance:
MassHealth, Commwealth Care (CommCare), and Commonwealth Choice (CommChoice).
MassHealth is the Medicaid program that provides free health insurance to low-income in-
dividuals. CommCare is a government-subsidized program targeted to the population with
low and middle income. Only individuals with household income below 300 percent FPL
are eligible for the program. CommChoice is an unsubsidized program. People who are not
eligible for either MassHealth or CommCare can purchase plans in CommChoice by paying
the full premiums. This paper focuses on the CommCare program, which involves 165,000
enrollees and $805 million government spending in 2009.

The CommCare program has a piecewise subsidy schedule, where four income thresholds
(150 percent of the FPL, 200 percent FPL, 250 percent FPL, and 300 percent FPL) sort

participants into four income tiers: 0-150 percent FPL, 150-200 percent FPL, 200-250 percent

2The information on the regulation in the health reform comes from reports published by the Division of
Health Care Finance and Policy (2008-2010), and the Massachusetts Health Connector and the Department
of Revenue (2007-2009).



FPL, and 250-300 percent FPL.?> Health plans are provided by competing insurance firms.
Within each tier one firm only provides one plan, and the same firm can provide different
plans across tiers. Plans vary at several dimensions, such as benefit design, provider network,
and premiums.

The out-of-pocket premium and cost-sharing are the two characteristics that differ for
enrollees in different income tiers. I take the plans with the lowest premiums in each tier for
example, and show details in Figure 1. In October 2008, the total premium is $396 per month
for plan in all tiers, and the out-of-pocket premiums are $0, $39, $77, and $116 per month if
their household income are within 0-150 percent FPL, 150-200 percent FPL, 200-250 percent
FPL, and 250-300 percent FPL, respectively.? The information on out-of-pocket premiums
is shown in the first row of Figure 1.

If household income are greater than 300 percent of FPL, people are only eligible for plans
in the unsubsidized market, CommChoice, or pay penalties. In CommChoice three types of
plans are provided with different generosities: Bronze, Silver, and Gold plans. The generosity
of the plan for the 250-300 percent FPL in CommCare is between the level of generosity of
Bronze and Silver plans in CommChoice, so individuals need to pay about $238 per month in
the non-subsidized program, which is the mean of premiums for the lowest cost Bronze plan
and lowest cost Silver plan, in order to obtain a comparable plan in the subsidized program.

For cost-sharing, plans vary at several dimensions, such as copayment, coinsurance rate,
and out-of-pocket maximum. In general, the plans in lower income tiers are more generous
than those in higher income tiers. For example, in 2011, the plan for 100-150 percent FPL
has no copayment, no coinsurance, and a $200 maximum out-of-pocket payment for drugs,
while the plan for 200-250 percent FPL has a copayment range from $15 to $250, according
to different services, 10 percent coinsurance for medical equipment, and an $800 maximum

out-of-pocket payment for drugs. For a typical enrollee, the cost-sharing is estimated as

3In 2008, the FPL for a family with a single person was $10,400, and the amount increases by $3,600 with
an additional person included in the family.

4Premiums are the lowest priced plans available for a 35-year-old individual living in Boston. Data are
rounded to the nearest whole dollar.



$0, $78, $265, and $265 per year if their household income are within 0-150 percent FPL,
150-200 percent FPL, 200-250 percent FPL, and 250 percent-300 percent FPL, respectively.
The amounts of cost-sharing in different income tiers are shown in the second row in Figure
1. More details on the estimation of cost-sharing are shown in Appendix Al.

Therefore, the total expected out-of-pocket costs (premium plus cost-sharing) for enrollees
are $0, $546, $1,189, and $1,657 among the four tiers, and the cost for unsubsidized plans
are $3,121, which are displayed in the third row of Figure 1. The difference is $546, $643,
$468, and $1,464 at the threshold of 150 percent FPL, 200 percent FPL, 250 percent FPL,
and 300 percent FPL, respectively, which is shown in the fourth row in Figure 1. The cost
differences provide large incentives for people with household income around those thresholds
to lower their income. For example, the 150 percent FPL was $21,000 for a family of two
in 2008. If both family members need to purchase plans from the CommCare program, the

cost difference can be as high as $1,092 per year.

2.2 The National Reform

The schedule of the insurance subsidy in the national reform is different from the schedule in
the Massachusetts reform. Instead of providing different plans for the population who falls in
different income ranges, the same set of plans is available to all the population in the national
reform. The low- and mid-income households bear lower costs than high-income households
through receiving premium subsidy and cost-sharing subsidy, both of which vary by income
levels.

The government provides tax credits to households with income up to 400 percent FPL,
in order to reduce their premium costs. After receiving the subsidy, households pay the
premium with no more than a specific percentage of their income. The details are shown
in table 1. The low-income households receive higher subsidies, and pay less out-of-pocket

premiums. The schedule is smooth at most income levels except two, 133 percent FPL and



400 percent FPL. The subsidy difference at the lower threshold is 1 percent of income, which
is about $115 for a one-person household in 2014. At the greater threshold, individuals pay
no more than 9.5 percent of income as out-of-pocket premium if the household income is
below the threshold, or bear the full premium cost if the income is above the threshold.
According to the Kaiser Health News (2014a, 2014b), the plan premiums vary from less than
two thousand dollars to more than five thousand dollars per year, so the subsidy difference
can be as high as a few thousand dollars®.

The government also provides additional protection to households with income up to 250
percent FPL, in order to reduce cost-sharing. The low-income households receive higher
subsidies and bear less cost-sharing. Table 2 shows the percentage of the costs the plans
would cover, after the enrollees receive the cost-sharing subsidy. According to the schedule, a
person with income around 150 percent FPL would have 7 percent of cost-sharing difference.
The dollar amount of subsidy varies by individual, since it is based on the ex post health
care costs of enrollees.

The largest subsidy difference for health insurance in the national reform is around 400
percent FPL. People with income around this threshold would have similar magnitude of
incentives to manipulate income as for people with income around 300 percent FPL in the
Massachusetts reform. People with income at other levels would have less incentive to control
income, since the premium subsidy is smooth at other income levels, and the amount of the
cost-sharing subsidy is uncertain ex ante.

Beside premium subsidy, a feature of “coverage gap” could also create incentives of the
population to control income in the national reform. In the states without Medicaid expan-
sion, a group of adults would fall in the gap that their incomes are neither low enough for
Medicaid nor high enough for the insurance subsidy.® Those people have incentives to either

decrease income to satisfy the Medicaid requirement, or increase income to receive subsidies

5These numbers are for the lowest-cost silver plan for a 40-year-old person
6 More details of the coverage gap are discussed by Kaiser Family Foundation (2013).
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to purchase insurance.

3 Regression Discontinuity on Income Distribution

3.1 Methodology

I use Regression Discontinuity (RD) methodology to test the existence of income manipula-
tion. This approach was developed by McCrary (2008) and is based on the assumption that
the density of the income would be continuous at the thresholds without program interven-
tion, and the density is likely to be discontinuous when people are able to manipulate their
income.

As McCrary (2008) states, the estimation proceeds in two steps. In the first step, a
finely gridded histogram is obtained. In the second step, the histogram is smoothed by using
local linear regression separately on either side of the threshold. McCrary (2008) proposes a
formal test on the hypothesis that the discontinuity of the “running variable” at the threshold
is zero. The test is based on an estimator for the discontinuity, #, which is defined as the
log difference between the left limit and the right limit of the density at the threshold of the

running variable. Specifically, the form is
0 = lnllifnf(l) - lnlli%nf(f) =Inf"—Inf,

where [ is the running variable (in my case, income), f(-) is the density function, and ¢
is the threshold.

The benefit of the RD approach is that it allows for point esitmation and inference. The
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parameter 6 is estimated as
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McCrary (2008) proves that the 6 has the following normal distribution if certain condi-
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3.2 Data

This paper uses data from the American Community Survey (ACS), which is part of the
Decennial Census Program by the U.S. Census Bureau.” The survey includes monthly rolling
samples of households, and the nationally-representative data have been available each year
since 2000. T use the samples from 2005 and 2008 that include observations in both pre-
reform and post-reform periods. The survey selected 1-in-100 sample households from the

population; the sample size is around 27,000 households (65,000 individuals) each year. I

"To my knowledge, ACS is the only available data that is large enough to support this analysis, since it
focuses on income distribution. The ideal data is the income tax data from the IRS, which has both a large
enough sample size and less measurement error than the ACS data. However, the full sample income tax
data was not available during the time I was finishing the project. The analysis can be replicated using the
tax data when it is available in the future.
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exclude individuals under the age of 19, who would be eligible for Medicaid if their household
income is below 300 percent FPL, and individuals older than 64, who would be eligible for
Medicare. T also exclude individuals with very high income (above 1,500 percent FPL) who
would not be affected by the subsidized program. Samples from Connecticut and other years
are also included for the robustness check.

Table 3 shows the descriptive statistics for the population in Massachusetts in 2005 and
2008 separately. The number of observations is 36,358 in 2005 and 36,231 in 2008. Mean age
is about 42 in both years. The mean of household income is $78,134 in 2005, and $86,387
in 2008. There are about 27% of the population with household income below 300 percent
FPL. the percentage of the population that falls in the income ranges of the subsidized
program. The table also shows the statistics on sub-group populations by working status
(wage worker, self-employed, and unemployed) and age (young being 19-35 and old being
36-64). The majority of the population are wage workers, and about one third of the samples
are young adults.

Figure 2 shows the histograms of income distribution for households within income range
0-500 percent FPL in 2005, the pre-reform period, and in 2008, the post-reform period. The
blue columns show the frequency of people with income just below each threshold. The

graphs show weak evidence on income shift from the right to the left of the thresholds.

3.3 Graphical Evidence

This section shows the estimation results based on the RD methodology. Figure 3A reports
the RD estimation at the first income threshold of 150 percent FPL in Massachusetts in 2008.
The x-axis is the level of income as percent of FPL, and the y-axis is the income density. Dots
represent the density at each income level from 0 percent to 1,500 percent of FPL. The curves
are the local linear regression estimates using a triangle kernel based on the income density.

The optimal binsize and bandwidth are selected automatically by the program provided by
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MecCrary (2008). The 95 percent of confidence interval is also shown in each graph.

Figure 3A illustrates the estimation in 2008 when the program was implemented, and
the results show significant discontinuity at the threshold. The left limit of the density is
higher than the right limit at the threshold. However, it is possible that the discontinuity at
the threshold had existed before the reform, therefore I test the hypothesis in 2005 when the
program was not implemented. The curve in Figure 3B is smooth and shows no discontinuity
at the threshold. Combining results in both years, the graphical evidence suggests that the
existence of income manipulation for people with income around the threshold of 150 percent
of FPL in the post-reform period.

A statistic is constructed to quantitatively test the discontinuity, which is defined as
Odiff = Opost — Opre- Opost 1s the log difference of the income density between the right and left
limit of the threshold in the post-reform period, and 6,,. is the log difference in pre-reform
period. The estimation and reference of 6,,s and 6,,.. are developed by McCrary (2008).
Oa4ir s is the difference between 0, and 0,,., representing the change of income discontinuity
between the pre-reform and post-reform periods. A negative value of 845¢ represents a shift
of income distribution from the right to the left of the tested income level. The standard
deviation ogsy is defined as o3;,; = 02, — 05,., where 0,4 and oy, are the standard
deviation for Ops and O,

Table 4 shows the estimation results. For the whole sample at 150 percent of FPL, 6y
is estimated as 0.047 with a standard deviation of 0.048, and s is estimated as -0.186 with
a standard deviation of 0.048. Therefore édi 7f 18 -0.233 with standard deviation 0.096. The
change of income discontinuity is significantly different from zero at 150 percent of FPL, and
the income density shift from the right to the left of the threshold after the implementation
of the program. As is stated before, 150 percent of FPL is the first income threshold in the
subsidy schedule. This discontinuity is a similar finding as Saez (2010) who provides bunching

evidence at the first kink point of the Earned Income Tax Credit. The 150 threshold also falls

8The definition is based on the assumption that samples in two periods are not correlated, since they are
selected independently in different periods.
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between plans with zero and non-zero out-of-pocket premiums. The evidence of discontinuity
suggests that the population are sensitive to the choices between free and non-free insurance
plans.

Table 4 also displays the estimations at other three income thresholds. The parameters
édiff are significantly different from zero at 300 percent of FPL, which is the threshold
falling between plans with the largest subsidy difference. The population located around this
threshold have the largest incentive to manipulate their income. The results do not suggest
income manipulation at the other two thresholds, the 200 and 250 percent of FPL.

I also test income manipulation at other income levels. If the income manipulation is
indeed caused by the specific program, the discontinuity should be observed at and only at
the thresholds regulated by the subsidy schedule. Income discontinuity should not be found
at other income levels. The estimation results are shown in Figure 4 and Figure 5. Figure
4 displays the results for épre and épost in year 2005 and 2008, respectively, and Figure 5
displays the results for O #¢ based on the estimations in pre- and post-reform periods. The
x-axis indicates the income level as percent of FPL, from 50 to 500 percent of FPL, and the
y-axis indicates the estimation of 6. The solid line reports the estimation results at every
integer level of income, and the dashed lines show the 95 percent confidence interval.

Figure 5 support the conclusion that the subsidized program causes income manipulation
of the population. Significant income discontinuity is shown at the income levels of 150 and
300 percent of FPL, which are the income thresholds according to the subsidy schedule. The
negative values of O #¢ indicate the shift of income density from the right to the left of the
tested income levels. There is no significant negative discontinuity at other income levels. °

I also analyze the income manipulation for samples by working status and age. Figure
6 illustrates the estimation results on 6y ¢f for wage workers and self-employed. The figures

show that the income manipulation at the 300 percent of FPL is concentrated by wage

9Significant positive discontinuities are found at several other income levels. The positive value means
a shift of income from the left to the right of the tested level. Unfortunately, I do not have a plausible
explanation on this trend of income change.
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workers, and the manipulation at the 150 percent of FPL is concentrated by self-employed.
It is harder for wage workers to control their income, so the manipulation only happens at the
threshold with the greatest incentives. The manipulation only happens at the first threshold
for self-employed, which is a similar finding as Saez (2010) that the income distribution of
self-employed bunches at the first kink point of the Earned Income Tax Credit.

For people with different ages, I expect to see a larger response for the old, who will
have larger incentives to manipulate the income than the young. The old tend to be sicker
than the young, so they will have higher values for insurance plans than the young. Figure
7 displays the estimation results. There are discontinuities at the thresholds of 150 percent
FPL and 300 percent FPL for both samples, and I find that the two groups behave similarly
to each other.

Three types of robustness check are conducted to support the conclusion that the subsi-
dized program causes income manipulation. First, the bandwidth of the kernel RD estimation
is varied to check the sensitivity of the results. The bandwidth for the main analysis is the
optimal bandwidth defined by McCrary (2008), and is around 150 percent FPL. Another two
levels of bandwidth, 100 percent FPL and 50 percent FPL, are selected to estimate édiff,
and the results are shown in Figure 8. I find that the discontinuities at 150 percent FPL and
300 percent FPL are still significant in both cases.

Second, T change the sample year for the post-reform periods. The program is imple-
mented in 2006, and the main results are based on the samples from year 2005 and 2008.
Instead, T choose 2007 and 2009 as post-reform periods to estimate the discontinuity pa-
rameter Og;r¢. The results are illustrated in Figure 9. The discontinuity at the 150 percent
threshold still exists but not significant. The discontinuity at the 300 percent FPL is signifi-
cant in both tests.

Third, I estimate the same parameter using samples from Connecticut, a control state
where the population has a similar demographic distribution as in Massachusetts. Figure

10 shows the results. There are several discontinuities around the income levels 100 percent
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FPL, 125 percent FPL, 150 percent FPL, and 300 percent FPL, which may be due to other
policy changes between the two periods, and the magnitude of these discontinuities is smaller

than that in Massachusetts.

4 Elasticity Estimation

In this section, I assume that the change of income all comes from the change of labor supply,
and construct a structural model to estimate the labor supply elasticity with respect to wage
rate. The methodology is largely based on the model developed by Saez (2010), and with two
extensions. First, Saez (2010) observes a bunching pattern in the distribution of income and
establishes a correspondence between the pattern and the elasticity. This approach requires
a subjective setting on the bandwidth at which the bunching occurs. In my approach, I
directly establish an MLE model, which eliminates subjective factors involved.

Second, Saez (2010) assumes that when agents choose their labor supply level, they are
unaware of the income uncertainty they face, and hence choose the target income level exactly
at the threshold. At the same time, he argues that in reality there is an uncertainty that
affects the actual income the agents receive. In my model, I assume that people are aware of
the income uncertainty and hence will manage the risk of not receiving the subsidy by further
lowering their labor supplies. From the perspective of a researcher, I am able to detect the
degree of income uncertainty in my model.

In the following part, Section 4.1 shows the model, Section 4.2 illustrates the estimation

strategy, and Section 4.3 provides the estimation results.
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4.1 Structural Model

There is a population of heterogeneous agents. Each agent ¢ has an ability b;. An agent has
a utility function of two components, income [;, and labor z;. Her utility can be represented
by a quasi-linear and iso-elastic function that has the same form as the utility function used

by Saez (2010),

bi
vi(liyzi) =i — —

where ¢ is the labor supply elasticity.

Income comes from two potential sources: the wage income W;, and the subsidy 5;:

The expected wage income is proportional to labor, with wage rate w. A disturbance of

e; also contributes to the wage income. The total wage income is

Wi = wz; + e,

where the error term e; has normal distribution, e; ~ N(0,0?), and is i.i.d.

A subsidy a;, depending on family characteristics, is granted when the wage income is

below an income threshold I*:

Si:

Therefore the expected utility can be deduced as
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bi
1+1

Ziy14d

Eui(z) = Evi(1i(2), z;) = wz; + Ple; < I" — wz;) - a

When there is no subsidy, i.e., a; = 0, the first-order condition (F.O.C.) of the expected

utility is
_ 1 1 b zi\
w o= (1+37) 5 i (5) )
zi\+
= (50
Re-arranging equation (1) yields ¢ = %, which shows that ¢ is the elasticity of labor

supply with respect to the wage rate.

I focus on the impact of subsidy to labor supply, so it is convenient to set w = 1. In this
case, the labor supply is z; = b;, which means that people will make their effort levels equal
to their abilities when there is no subsidy.

Where there is a subsidy, the utility function is deduced as

I*—z b; N1l
EUZ(ZZ) = EUz([z(ZZ), Zi) =2z + (I)( o : ) Ay — 1 i %(;—1)1+
Maximize utility function using F.O.C., and it becomes
1 —1)) -a; — 1+-)(—):— =0
O ) @ 0
I — Zi Ziy1
= 1— ¢ Ja; — (2= = 0. (2)
g bl

The equation (2) illustrates that the optimal effort level z is determined jointly by
(e,0,b,a,1"). (g,0) are the parameters to be estimated, and [* is the income threshold
of the subsidized program that is exogenous in the model. T assume that ¢, o and I* are the
same for all the population. The ability b and the subsidy a are family-specific characteris-
tics. There is no explicit expression z(b, ale, o, I*) that maximizes this utility function, but

it can be numerically solved. T denote the optimal effort level as z(b, a) for the convenience
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of displaying MLE estimation strategy in the next subsection.

4.2 Estimation Strategy

For an individual ¢ with ability level b;, she chooses the effort level z(b;, a), and the density
at income level I; is gb(IZTb“)) [ assume the ability has a distribution ¢(b), so the overall

density across all ability levels is

fillig(),0,e) = / T o) o209y,

The log likelihood function for the whole population is

l(o,e,9(: NZIH/ g(b ([%(ba))db.

In practice, it is hard to identify the continuous distribution of g(+). Instead, I assume that
the ability is distributed over a set of discrete points {by,bs, -+ ,b;,- - ,bs}. The probability
of being b; is g;, and I denote z;(a) = z(b;,a) and g = {¢1,92,---¢9j,--- ,9s}. Hence the

likelihood function is

l(o,e,g|I) = Zang] (a)).

Among the people with eligible income, only a fraction, p, of the them are affected by the
program. Those who are not affected will choose the effort levels that equal to their abilities.

The density of income for those people is ¢(%) Therefore the likelihood function becomes

o o

N J
(ool = 3 D1 Zgj-{p¢<[i‘—zﬂ“”>+<1—p>¢<fi‘b"> . )
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with constraints o > 0 and € > 0.

The distribution of ability g(b) is estimated using the income distribution in the pre-reform
periods when there is no subsidy. I assume that the distribution is stable over time. The
labor supply elasticity ¢ and the standard deviation of income ¢ are then estimated based on
estimated distribution of ability and the infomation in the post-reform period, including the
distribution of income I, the subsidy a, and the fraction, p, of people who are affected by the
program. Income distribution is directly observed from the data, the subsidies at different
income thresholds are the amounts discussed in section 2, and the fraction p is inferred as
27.8% using statistics from public reports. Details of the calculation on p is provided in

Appendix A2.

4.3 Estimation Results

Table 5 displays the estimation results at each income threshold for various samples: the
whole population, wage workers, and self-employed. I include observations within 30 percent
of FPL around the threshold in each estimation. For example, samples with income between
120 and 180 percent of FPL are included when estimating parameters at the threshold 150
percent of FPL. Column (1) shows the number of observation in each estimation. Column
(2) provides the estimation results of the labor supply elasticity. I find that the elasticity is
almost zero in all the scenarios, which means that the population is inelastic with respect to
the change in wage rate.

Although the estimation of the elasticity is zero, it does not mean that people do not
have incentive to manipulate their income. Figure 11 illustrates the income ranges affected
by the program under different values of labor supply elasticity. People with income between
the income threshold I* and the threshold plus the subsidy I* + a will lower their income,

even when the labor supply is inelastic. The elasticity affects people with income above
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I* + a. The greater the elasticity is, the more people with income above I* + a will lower
their income. The elasticity also affects the selection of the targeted effort level. The higher
the elasticity, the lower the optimal effort will be chosen.

One explanation for the small elasticity is that the income manipulation largely comes
from the population with income slightly above the thresholds. While the benefits of con-
trolling income are the same, people with greater income need to decrease their income more
in order to be eligible for greater subsidy, hence they have fewer incentives to lower their
income. In practice, individuals face other difficulties in controlling income, so it is possible
that only those with large incentives have changed their income. This explains why I have
observed clear evidence of income discontinuity and estimated small elasticity of labor supply.

Column (3) in Table 5 shows the estimation of the standard deviation of income. The
results are around 0.1 for all the scenarios, which are interpreted as the standard deviation
of income is about 0.1 percent of FPL. For a single person, the FPL is about $10,000, so the
standard deviation is $10. The results suggest that the income levels are stable for low- and
middle-income individuals, and the small variation would have little impacts on the income

manipulation of the subsidized program.

9  Welfare Impact

The welfare loss of the subsidized program is measured as the income decrease after the
implementation of the program. The dollar value of the reduced income, AI, is defined as
AI = P f-§, where P is the number of population falling in the affected income range who
have incentive to lower their income, f is the fraction who indeed changed their income, and
§ is the average amount of reduced income. Table 6 displays the calculation process and the
results. The total welfare loss due to the subsidized program is estimated as $2.8 million in

2008. The details of the estimation are provided as follows.
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Welfare loss happens only around the thresholds of 150 and 300 percent of FPL, since
there is no evidence of income manipulation at the other two thresholds. Based on the
affected income ranges, which are predicted by the parameters estimated from the structural
model, the potential affected population, P, is estimated as 34,656 at the 150 threshold and
118,047 at the 300 threshold.

As is mentioned above, in practice people face difficulties in varying their income, such
as they cannot change the working contract in short term. The information in Connecticut,
a control state, and Massachusetts, the experimental state, is used to estimate the number
of population who indeed changed their income after the implementation of the program.
I calculate the percentage of population falling in the affected income range for the two
states in both pre- and post-reform periods. The difference-in-difference percentage shows
the fraction of the population who changed their income after the reform in Massachusetts.
The results are 2.76 percent at the threshold of 150 percent of FPL, and 2.83 percent at the
300 threshold.

The average reduced income is determined by the affected income ranges. [ assume
that people uniformly distributed within the ranges, so the amount of the reduced income
equals half of the length of the income range. For example, the affected range is 149.7 to
159.7 percent of FPL at the 150 threshold, and the income change is 5 percent of FPL. The
reduced income is then converted to dollar value. The conversion is affected by family size,
since FPL is defined according to family structure. Without loss of generosity, I assume that
half of the population come from single-person families, and half of them come from two-
person families. Under the assumption and the level of FPL, I calculate the average income

decrease is $349.5 at the 150 threshold and $751.3 at the 300 threshold.
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6 Conclusion and Discussion

limitation: intensive effects, not extensive

not estimate other welfare loss, such as tax transfer

this is short term impact, may have larger impact in the long run

My analysis has found substantial evidence of income discontinuity at the thresholds
of 150 percent FPL and 300 percent FPL of the subsidized program in the Massachusetts
reform. The 150 percent FPL is the first threshold and falls between plans charging enrollees
zero and non-zero out-of-pocket premiums; this discontinuity is concentrated among the self-
employed. The 300 percent FPL is the threshold with the largest subsidy difference, and
the effect is concentrated among the wage workers. By examining income discontinuity at
other income levels as well as a control state, I conclude that the subsidized program causes
income manipulation of the potential eligible population.

I construct a model with income uncertainty to estimate labor supply elasticity as well
as income variation. The results suggest that the two factors have little impact on the
behavioral response to the subsidized program. I simulate the impacted income range based
on the estimation results, and assess the welfare loss due to the program. I find that the
reduced income, possibly due to reduced labor supply, is about $2.8 million in 2008.

This study is helpful to predict the behavioral response to the insurance subsidies as
well as the welfare impacts of the programs in the national reform. The subsidy schedule
regulated by the ACA creates similar benefit difference for individuals with income around
400 percent FPL. These people have incentives to manipulate income in order to be eligible
for the subsidy. In addition, in states without Medicaid expansion, individuals who fall in the
coverage gap have incentives to either decrease income for Medicaid enrollment, or increase
income in order to be eligible for insurance subsidy. These features could generate bunching
at the thresholds on the income distribution, and the behavioral change could also causes
social welfare loss.

The framework of the estimation on elasticity and income variation can be applied to any
programs that generate nonlinear budget constraints, such as Medicaid. Income thresholds
exist in almost all welfare programs. When people are aware of the threshold information,
they will have incentive to manipulate their income. One valuable study could be to explore

how much information the population are aware on the subsidized program, especially the
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regulation on thresholds.

A concern of using the ACS data is that the income is self-reported, and respondents may
underreport or overreport their income levels. The results are not affected, if the trend of
misreporting is time consistent. The difference-in-difference measure cancels out the time-
invariant change of income distribution between two periods. The results should be biased if
the population intentionally misreport their income after the implementation of the reform.
This is unlikely to happen because the ACS is not designed specifically for the reform, and
the level of reported income would not affect the actual eligibility of the subsidized program.

One limitation of this research is that I am not able to identify which individuals are
directly affected by the program. My work focuses on income distribution, and the ACS is
the only dataset that provides a large enough sample. However, the ACS does not have the
information on the type of insurance coverage in both pre- and post-reform periods, so I can
only include all the population with eligible income levels in my analysis.'® In the national
reform where the policy change is implemented in 2014, the impacts of those programs should
be estimated more accurately by differentiating directly and indirectly affected population.

Another limitation is that when estimating the labor supply elasticity, T assume the
change of income all comes from the change of labor supply. There are different ways to
change income, and the change of labor supply is among one of them. It is more interesting
to identify the source of income change. In addition, a future research could be to explore
the ways the population use to control labor supply, such as reduce working hours or change

to a job with lower wage rate.

10The ACS starts to provide the information on the type of insurance coverage in 2008.
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Figure 1. Cost Difference for Enrollees in the Plans with the Lowest Premiums in Different

Income Tiers
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Figure 2. Income Distribution by FPL in 2005 and 2008
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Figure 3. RD Estimation at the Threshold of 150 percent FPL in 2005 and 2008
Figure 3A. 2008, binsize: 3.3, bandwidth: 143.7, 8 : -0.186 (0.048)
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Figure 4. Estimation Results on 8, and 8, in 2005 and 2008
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Figure 5. Estimation Results on 8 4;¢ between 2005 and 2008
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Figure 6. Estimation Results on 8 4;¢r between 2005 and 2008: Wage Workers Versus Self-employed

Yalues of &

“alues of &

0.4
-0.6

-0.3

1r

0.8

0B

0.4

ol

02

0.2

Wage Workers

-1
a0

|
100

| | | | 1 | | |
150 200 250 300 350 400 450 a00
Income as pot of FPL

Self-Employed

0.8

1
50

|
100

TR D L L L 1 L I
150 200 250 300 350 400 450 A00
Income as pet of FPL

33



Figure 7. Estimation Results on 8 4;¢r between 2005 and 2008: Young (19-35) Versus Old (36-64)
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Figure 8. Estimation Results on 8 4; with Bandwith 100 and 50 Percent of FPL
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Figure 9. Estimation Results on 84 between 2005 and 2007, and between 2005 and 2009

Yalues of g

Yalues of g

0.4

0.6

08t

0.8

1rF

0.g

2005 and 2007

0.6

0.4

0

02k J. .

_1 | 1 | | | | 1 | |
a0 100 150 200 2450 300 350 400 450 500
lncome as pet of FPL

0.g

2005 and 2009

0.6

_1 | | | | | | | 1 |
a0 100 150 200 250 300 350 400 450 a00
lncome as pet of FPL

36



Figure 10. Estimation Results on 8 4;¢r between 2005 and 2008 in Connecticut
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Figure 11. Income Ranges Affected by The Program under Different Values of Labor Supply Elasticity
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Table 1. Out-of-pocket Premium as Percent of Income in the National Health Care Reform

Income Level Premium as a Percent of Income
Up to 133% FPL 2% of income

133-150% FPL 3-4% of income

150-200% FPL 4-6.3% of income

200-250% FPL 6.3-8.05% of income
250-300% FPL 8.05-9.5% of income
300-400% FPL 9.5% of income

Note: The out-of-pocket premium is the amount a person pays for the second lowerst cost silver
plan after receiving the subsidy.

Source: Summary of the Affordable Care Act, Kaiser Family Foundation, [Accessed on Feb 19,
2014] URL: http://kaiserfamilyfoundation.files.wordpress.com/2011/04/8061-021.pdf

Table 2. Cost-sharing Subsidy in the National Health Care Reform

Income Level Actuarial Value
100-150% FPL 94%
150-200% FPL 87%
200-250% FPL 73%

Note: The actuarial value is the percentage of a typical enrollee’s cost coverd by a silver plan
after receiving the subsidy.

Source: Summary of the Affordable Care Act, Kaiser Family Foundation, [Accessed on Feb 19,
2014] URL.: http://kaiserfamilyfoundation.files.wordpress.com/2011/04/8061-021.pdf
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Table 3. Descriptive Statistics for the Population in 2005 and 2008

3A. 2005 All Working Status
Wage Worker Self-employed Unemployed
N 36,358 * 30,047 3,227 3,084
% of the Whole 100.0% 82.6% 8.9% 8.5%
Sample
Age
Mean 42.2 41.4 46.3 46.7
Young (19-35) 31.4% 34.1% 16.1% 20.9%
Old (36-64) 68.6% 65.9% 83.9% 79.1%
Household Income
Mean $78,134 ** $80,181 $82,872 $53,229
Std. Dev. $52,638 $51,418 $56,289 $53,932
Below 150% FPL 10.9% 8.8% 8.8% 33.9%
150-200% FPL 4.8% 4.5% 4.9% 8.2%
200-250% FPL 5.2% 4.9% 6.3% 7.1%
250-300% FPL 6.1% 6.0% 6.5% 7.0%
Above 300% FPL 72.9% 75.8% 73.5% 43.7%
3B. 2008 All Working Status
Wage Worker Self-employed Unemployed
N 36,231 29,969 3,131 3,131
% of the Whole 100.0% 82.7% 8.6% 8.6%
Sample
Age
Mean 42.6 41.6 47.2 47.3
Young (19-35) 31.2% 34.2% 14.2% 19.7%
Old (36-64) 68.8% 65.8% 85.8% 80.3%
Household Income
Mean $86,387 $89,710 $86,138 $54,830
Std. Dev. $58,700 $57,862 $60,327 $55,563
Below 150% FPL 11.4% 8.8% 11.5% 36.6%
150-200% FPL 4.6% 4.2% 4.8% 8.1%
200-250% FPL 5.2% 4.9% 6.4% 7.1%
250-300% FPL 6.1% 6.0% 6.6% 6.9%
Above 300% FPL 72.7% 76.1% 70.6% 41.4%

* The sample only includes population within age 19-64 and household income 0-1500% FPL.

** The calculation of the mean of household income in on the individual level, so we put higher weights

on larger households than the calculation on the individual level.
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Table 4. Estimation for épre , épost, and 846 at Four Income Thresholds in Massachusetts

Threshold (% FPL) All Population Self-employed Wage Workers
2005 2008 Diff (08-05) 2005 2008 Diff (08-05) 2005 2008 Diff (08-05)
epre epost ediff epre epost ediff epre eposi: ediff
150 0.047 -0.186%** -0.233** 0.260*  -0.322** -0.582** 0.051 -0.116** -0.167
(0.048) (0.048) (0.096) (0.158) (0.139) (0.297) (0.056) (0.057) (0.113)
200 -0.016 0.009 0.026 0.221** 0.060 -0.161 -0.088* -0.014 0.074
(0.044) (0.045) (0.088) (0.117)  (0.126) (0.242) (0.050)  (0.050) (0.100)
250 0.118***  0.141*** 0.023 0.029 0.087 0.058 0.095**  0.145*** 0.049
(0.037) (0.038) (0.074) (0.107) (0.103) (0.209) (0.041) (0.039) (0.079)
300 0.148*** 0.022 -0.125* 0.104 0.077 -0.027 0.155%** 0.009 -0.146**
(0.031) (0.033) (0.064) (0.089) (0.081) (0.170) (0.034) (0.035) (0.070)

Note: The standard deviation of 8 is shown in the parentheses.
* 10% significance, ** 5% significance, *** 1% significance.
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Table 5. Estimation for the Elasticity and Income Variation

Income Population N Elasticity € Standard Deviation of Income o
Threshold
(1) (2) (3)

150 All 3731 0.013 (0.001) 0.102 (0.002)

(120-180) Wage Workers 2735 0.012 (0.001) 0.101 (0.003)

Self-employed 316 0.011 (0.004) 0.075 (0.003)

200 All 4376 0.010 (0.000) 0.095 (0.001)

(170-230) Wage Workers 3365 0.010 (0.001) 0.094 (0.001)

Self-employed 428 0.010 (0.005) 0.081 (0.004)

250 All 4923 0.010 (0.003) 0.095 (0.002)

(220-280) Wage Workers 3930 0.011 (0.000) 0.093 (0.002)

Self-employed 485 0.012 (0.006) 0.080 (0.003)

300 All 5592 0.005 (0.005) 0.103 (0.002)

(270-330) Wage Workers 4517 0.005 (0.006) 0.101 (0.003)

Self-employed 554 0.019 (0.003) 0.083 (0.003)

Note: 1. Bootstrap standard deviation is shown in the parentheses.
2. Observations in 2005 and 2008 are included.

Table 6. The Results of Welfare Loss Estimation

150 % FPL 300 % FPL Total
(149.7-159.7 % FPL) (299.5-321.0 % FPL)
P 34,656 118,047
f 2.76% 2.83%
5 $349.5 $751.3
Welfare Loss $334,267 $2,509,891 $2,844,158
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Appendix

Al. The Estimation of Plan Cost Difference among Different Income Tiers

The amount of cost-sharing is estimated on the benefit design and enrollees' expected health care
costs. The plans for the 0-150 percent FPL have no copayment, zero insurance rates. The plans
for the 150-200 percent FPL have $10 copayment for the visit to primary care physician, $18
copayment for the visit to the specialist, $50 copayment for the inpatient stay and zero insurance
rates. The plans for the 200-250 percent FPL and 250-300 percent FPL have the same benefit
design, which have $15 copayment for the visit to primary care physician, $22 copayment for the
visit to the specialist, $250 copayment for the inpatient stay and zero insurance rate other than 10
percent for medical equipment. In addition, the plan varies on other characteristics too, such as

the copayment on drug and the maximum out-of-pocket payment.

Plans total premium is $396 per month, which is equal to $4,752 per year. | assume a typical
enrollee's total health care cost is $5,000 per year, and the health care service includes one visit
to primary care physician, one visit to the specialist and one event of inpatient stay. Therefore the
cost of cost-sharing for the enrollee is $0 for plans for 0-150 percent FPL, $78 for 150-200
percent FPL, and $265 for 200-300 percent FPL. | assume the amount of cost-sharing for the
comparable unsubsidized plans is the same as the amount of the plans for 200-300 percent FPL.

A2. The Calculation on the Fraction of the Population Who Are Affected by The Program
| estimate the fraction of people who were enrolled in the subsidized program, CommCare, in the
selected sample using statistics from the public reports. The total sample in the ACS in 2008 is
64,921, and the selected sample used in this analysis is 36,231, so 55.8 percent of the population
is included. In 2008, the total population in Massachusetts is 6.469 million, and the selected
sample represents 3.610 million. According to the reports published by the Division of Health
Care Finance and Policy, as of December 31, 2008, there were 162,725 enrollees in the
CommCare program, which equals 4.5 percent of the represented population. There was a total
of 16.2 percent of individuals in the selected sample with a household income between 150
percent and 300 percent FPL. If all people with income below 150 percent FPL all enrolled in
Medicaid, the percentage of people who were enrolled in the CommCare program in the selected
sample is 27.8 percent.
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