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Abstract

We model the labor market impact of the key provisions of the national and Massachusetts 

“mandate-based” health reforms: individual mandates, employer mandates, and subsidies. We 

characterize the compensating differential for employer-sponsored health insurance (ESHI) and 

the welfare impact of reform in terms of “sufficient statistics.” We compare welfare under 

mandate-based reform to welfare in a counterfactual world where individuals do not value ESHI. 

Relying on the Massachusetts reform, we find that jobs with ESHI pay $2,812 less annually, 

somewhat less than the cost of ESHI to employers. Accordingly, the deadweight loss of mandate-

based health reform was approximately 8 percent of its potential size.
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The Affordable Care Act (ACA) of 2010 and the Massachusetts health reform of 2006 focus 

on expanding health insurance coverage to near-universal levels. These “mandate-based” 
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reforms rely on three key provisions to expand coverage: 1) a mandate that individuals 

obtain coverage or pay a penalty, 2) a mandate that employers offer coverage or pay a 

penalty, and 3) expansions in publicly subsidized coverage. While regulatory policy has long 

relied on mandates (for example, command and control regulation of technologies to reduce 

pollution), public policies that mandate that individuals purchase privately supplied goods 

have little precedent. Such mandates are sufficiently unprecedented that uncertainty about 

whether the individual mandate was constitutional at the national level was not resolved 

until the Supreme Court upheld it in June 2012. Despite the resolution of legal questions 

around mandate-based policy, the question of economic efficiency remains.

We develop a simple model of mandate-based health reform. Our model incorporates the 

three key features of the national and Massachusetts health reforms. Using this model, we 

characterize the compensating differential for employee-sponsored health insurance (ESHI)

—the causal change in wages associated with gaining ESHI—and we derive a set of 

sufficient statistics that capture the impact of the reforms on the labor market and on 

welfare. Although these sufficient statistics arise from difficult-to-measure structural 

parameters that determine individual health insurance and labor supply decisions, we can 

recover them from easily measured changes in labor market outcomes. Our model builds on 

the work of Summers (1989) who models a full-compliance employer mandate. We apply 

the model to current policy by allowing for a pay-or-play employer mandate and adding a 

pay-or-play individual mandate and expansions in subsidized coverage. The interaction 

between the employer and individual mandates changes the predictions of the Summers 

model. The central result that an employer mandate reduces deadweight loss relative to a tax 

does not hold if there is already an individual mandate in place. This theoretical result is 

relevant for policy, given that as of this writing, the ACA employer mandate has not yet been 

enforced.

Based on the structure implied by our theory, we then estimate the relationship between 

ESHI and the labor market, allowing us to empirically assess the impact of health reform on 

welfare. Using variation induced by the Massachusetts health reform—which mirrors the 

national reform in all of the elements of our model—we estimate the empirical analog of our 

model. We first estimate the compensating differential for health insurance. Our empirical 

strategy relies on exogenous shifts into and out of ESHI induced by reform. Using 

longitudinal data from the Survey of Income and Program Participation on wages, 

employment, and hours worked, we study changes in labor market outcomes for individuals 

who switch to and from ESHI over the reform period. We incorporate individual fixed 

effects to control for time-invariant attributes that determine an individual’s labor market 

outcomes, and we incorporate variation between Massachusetts and other states to control 

for national trends. We also incorporate variation in firm size to allow some firms to be 

exempt from the employer mandate and to control for variation in the Massachusetts labor 

market that is unrelated to the reform. Combining all of these sources of variation and the 

reform allows us to obtain causal estimates of the compensating differential associated with 

health insurance.

Adding a small amount of structure to the estimated compensating differential for health 

insurance, we estimate the sufficient statistics that determine the welfare impact of health 
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reform. Once we demonstrate that these parameters are sufficient statistics for welfare 

analysis, we use our estimates to compute the deadweight loss associated with the mandate-

based reform in Massachusetts. We also compare our estimated deadweight loss to the 

deadweight loss of a counterfactual tax-based insurance expansion that would involve 

levying a wage tax to pay for the provision of health insurance directly.

We find a compensating differential for ESHI that is of the expected theoretical sign though 

somewhat smaller in magnitude than the full cost of health insurance, suggesting high 

average valuation of the benefit among the newly insured. Consistent with the large 

compensating differential, we find a small hours differential between jobs with and without 

ESHI, also suggesting high average valuation of the benefit among the newly insured. 

Translating our estimated compensating and hours differentials into sufficient statistics for 

welfare analysis, we find that mandate-based reform is a relatively efficient way to expand 

coverage. We estimate that mandate-based coverage expansion in Massachusetts resulted in 

a deadweight loss due to distortion of the labor market that was only 7.7 percent of the 

distortion associated with instead providing health insurance through a tax on wages that 

workers do not link to receiving insurance. The relative efficiency of mandate-based reform 

follows from the high estimated valuation of the newly insured; because people were willing 

to work for ESHI as well as wages, the distortion to the labor market of mandating insurance 

was relatively small. We examine the robustness of our estimates to a variety of alternative 

specifications. Although our estimates vary, they always show that mandate-based reform is 

substantially more efficient than tax-based reform because our finding that individuals value 

ESHI is very robust.

Apart from our theoretical contributions, our findings contribute to the empirical literature 

on the incidence of fringe benefits, with health insurance as the largest of those benefits. 

Typically, the endogeneity of fringe benefits and labor market outcomes leads researchers to 

find wrong-signed compensating differentials for fringe benefits (see Gruber [2000] and 

Currie and Madrian [1999] for reviews); most studies find that individuals who receive more 

fringe benefits also receive higher wages. Existing studies that do not find wrong-signed 

compensating differentials for health insurance rely on incremental changes in the cost of 

health insurance, such as premium increases due to the addition of mandated maternity 

benefits (Gruber 1994) or increasing malpractice costs (Baicker and Chandra 2005). By 

using variation from the Massachusetts reform, we find a compensating differential for the 

full cost of health insurance; individuals who receive ESHI receive wages that are lower by 

approximately the amount their employer spends on ESHI.

In the next section, we discuss the provisions of Massachusetts and national reforms that are 

likely to affect the labor market. Section 2 incorporates these provisions into a theory of 

mandate-based health reform that we use to characterize the compensating differential for 

ESHI and the welfare impact of mandate-based health reform relative to tax-based health 

reform; Section 3 discusses identification and estimation. Section 4 introduces the data. 

Section 5 presents results and discusses robustness, and Section 6 concludes.
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1 Massachusetts Health Reform, the Affordable Care Act, and the Labor 

Market

The Massachusetts health reform, passed in April 2006, and the federal Patient Protection 

and Affordable Care Act (the ACA), passed in March 2010, contain a number of similar 

provisions that are likely to affect the labor market. We provide a side-by-side comparison in 

Appendix A. The cornerstone of both reforms is the individual mandate to purchase health 

insurance. Unlike traditional full-compliance mandates, the individual mandate in both 

reforms is a “pay-or-play” mandate that allows individuals to pay a penalty if they choose 

not to comply. The penalty in Massachusetts for those who were unable to demonstrate they 

had coverage when they filed their taxes was initially $219 per person per year, and it 

increased to 50 percent of the cost of the least generous (“Bronze”) plan available in the 

Massachusetts health insurance exchange (“the Connector”) in 2008.1 The penalty 

associated with the ACA individual mandate is the higher of $695 per uninsured member of 

the household (up to three) or 2.5 percent of household income. Compliance with the 

individual mandate in Massachusetts has been high—over 97 percent of tax filers submitted 

the tax form to comply with the individual mandate in 2008, and less than 2 percent reported 

any spell of uninsurance (Massachusetts Health Connector and Department of Revenue 

2010).2

Second, both reforms include a pay-or-play employer mandate, which requires employers to 

offer health insurance or pay a penalty. The Massachusetts reform requires employers with 

11 or more full-time employees to offer their workers the option to purchase health 

insurance coverage. Health coverage options must include a plan that allows employees to 

purchase health insurance using pre-tax wages, and employers must contribute at least 33 

percent of the value of the premium or they will be assessed a penalty of $295 per employee 

per year. The ACA incorporates a similar pay-or-play employer mandate, but it defines large 

employers as those with 50 or more full-time employees (Kaiser Family Foundation 2010b). 

The ACA also requires that coverage options be affordable, such that the insurance offered 

pays at least 60 percent of covered expenses and the employee is not required to pay more 

than 9.5 percent of family income for individual coverage (Burkhauser, Lyons, and Simon 

2011). If the employer does not offer coverage, the penalty is $2,000 per full-time employee, 

excluding the first 30 employees. If the employer does not offer options that meet the 

definition of affordable, and employees enroll in subsidized coverage through an exchange, 

the employer must pay a penalty of $3,000 per employee who obtains subsidized coverage, 

up to a maximum of $2,000 times the total number of employees minus 30 (Kaiser Family 

1According to the Massachusetts Connector website in 2010, in the zip code 02138 (Cambridge, MA), the cost of a Bronze plan for a 
family in Cambridge with two 40-year-old parents was $11,000 annually. For a couple with two individuals aged 35, the Bronze plan 
cost $6,600 annually. A 31-year-old purchasing a Bronze would expect to pay $2,868.
2To satisfy the mandate, health insurance must meet or exceed a specific value (called “minimum creditable coverage”). See Kaiser 
Family Foundation (2009) and Raymond (2007). Individuals are automatically exempt from the individual mandate penalty in 
Massachusetts if they have a gap in creditable coverage of three months or less in a given calendar year, if they claim a religious 
exemption, or if their annual income is under 150 percent of the federal poverty level (effectively because the lowest cost Connector 
plan would be free for them). Other individuals can file for an exemption based on affordability using the Certificate of Exemption 
Application, which also provides details on the definition of “minimum creditable coverage.” (The application is available at https://
www.mahealthconnector.org/portal/binary/com.epicentric.contentmanagement.servlet.ContentDeliveryServlet/FindInsurance/
Individual/Affordability2520Calculator/2011CertificateofExemption.pdf, accessed December 1, 2011.)
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Foundation 2010a). Despite the relatively low penalty, compliance in Massachusetts has 

been high.3

The third cornerstone of both reforms is the expansion of subsidized coverage: fully 

subsidized coverage through Medicaid and partially subsidized coverage through new 

programs for low-income individuals who do not qualify for Medicaid. The Massachusetts 

reform expanded traditional Medicaid (MassHealth) and new fully-subsidized “CommCare” 

plans to those earning less than 150 percent of the federal poverty level (FPL), (150 percent 

of FPL for a family of three was $29,685 in 2014).4 Individuals between 150 and 300 

percent of the FPL can purchase CommCare plans with subsidies that decline with income. 

Similarly, the ACA expands Medicaid eligibility to all those with incomes below 133 

percent of poverty, for states adopting the expansion.5 The ACA also extends subsidized 

coverage higher up the income distribution to 400 percent of poverty ($79,160 for a family 

of three). Even though the national reform extends subsidies to families with higher 

incomes, the Massachusetts subsidies (Commonwealth Connector 2011a, b) are more 

generous than the national subsidies (Kaiser Family Foundation 2010b) for almost all 

incomes and family sizes.

2 Model of Mandate-Based Health Reform and the Labor Market

2.1 The Model

We begin by considering labor demand. A representative firm sets wages to maximize 

profits, resulting in the following labor demand function:

Willingness to demand hours of work L in period t is a function  or  of the 

monetary hourly wage w, and other arguments, depending on an indicator for whether the 

firm provides health insurance ESHIt at time t.6 If the firm provides health insurance, labor 

demand depends solely on the cost of employing an individual in dollar terms—wages and 

the dollar cost to the employer of a standard health insurance benefit b. There are two 

periods: Before and After. The employer mandate is not in place before reform, so ρBefore = 

0, but it is in place after reform, so ρAfter = ρ. If the firm does not provide health insurance, 

labor demand depends on the wage and the per-worker penalty ρtb for not complying with 

3Only approximately 4.6 percent of employers large enough to be subject to the penalty (12 percent of all Massachusetts employers) 
were required to pay it in 2010 (Massachusetts DHCFP 2011b). In addition, employers are subject to a separate “free rider surcharge” 
penalty if they do not offer a plan that allows employees to purchase health insurance using pre-tax wages and instead an employee 
receives care through the state’s uncompensated care pool. The compliance cost for employers to avoid this penalty is minimal. 
Accordingly, zero employers were liable for the free rider surcharge in fiscal years 2008 and 2009 (Massachusetts DHCFP 2011a).
4In the 48 contiguous states and the District of Columbia, the 2014 poverty level is $11,670 for a single individual, and it grows by 
$4,060 for each additional family member (Federal Register 2014).
5Effectively, eligibility will be extended to 138 percent of poverty because there is a special deduction of income under 5 percent of 
poverty (Kaiser Family Foundation 2010b).
6We develop the model relying on the simplifying assumption that we can measure L in hours of work including nonworkers with zero 
hours, ignoring the potential difference between the extensive and intensive margin of employment. When we estimate the model, we 
relax this assumption in a series of specification checks that allow us to compare the intensive and extensive margin impacts in 
Massachusetts. We also note that we do not measure L as the probability of employment because only employed workers can have 
ESHI. We do not measure L as the number of employees because the goal of our model is to make predictions about labor market 
outcomes for individual workers that we observe in multiple periods.
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the employer mandate in place in period t (since b is a fixed dollar amount, we express the 

employer penalty as a fraction of b instead of a fixed dollar amount without loss of 

generality).

Figure 1 depicts labor demand graphically. Before reform, if the firm provides health 

insurance, labor demand is lower by b. After reform, if the firm does not provide health 

insurance, labor demand shifts down by the per-worker penalty for not complying with the 

employer mandate.

Next consider labor supply. A representative individual chooses how many hours to work to 

maximize utility, resulting in the following labor supply function:

Willingness to supply hours of work L in period t is a function  or  of the 

hourly wage w. For an individual with ESHI, given by the indicator ESHIt, which is 

exogenous for now, labor supply is also a function of factors beyond the wage. As shown, it 

is a function of the cost to the employer for a standard health insurance benefit b, scaled by 

the amount that an individual values a dollar of ESHI relative to a dollar of wages, α, and 

policy parameters in place at time t: the individual penalty for not having health insurance λt, 

and the subsidy μxt available on the individual health insurance market, which varies in 

generosity based on income group x. The individual mandate and the subsidies are not in 

place before reform, so the policy parameters are all equal to zero.

Figure 1 depicts labor supply graphically. Before the reform, if an individual moves from not 

having ESHI to having ESHI, labor supply shifts downward by αb because the individual is 

willing to work for lower wages in a job that provides ESHI. This shift results because ESHI 

is not merely a cost to the employer, it also has value to the employee. In the individual’s 

choice problem, several factors can affect the magnitude of the underlying valuation of ESHI 

relative to a dollar of wages: α. For example, canonical insurance theory demonstrates that 

willingness to pay for insurance is determined by an individual’s wealth, health risk, risk 

preferences, and the available insurance contract (see, e.g., Arrow [1963] and Rothschild and 

Stiglitz [1976]). Furthermore, there is a tax preference for ESHI, so we expect the tax 

preference to increase α as a function of the individual’s marginal tax rate. Rather than 

modeling these factors individually, we model only α, which we will demonstrate to be a 

sufficient statistic for welfare analysis in the spirit of Chetty (2009).

After the reform, labor supply also reflects the penalty associated with the individual 

mandate and any subsidy available to that individual for health insurance outside of 

employment. That is, the individual penalty augments the individual’s underlying valuation 

of ESHI, shifting his labor supply curve further downward for jobs offering ESHI—even if 

the individual does not value health insurance on its own merits, he will value it at least as 

much as the penalty that he must pay for not having it.7 A subsidy available outside of 

employment also affects the individual’s labor supply if he obtains health insurance through 
his employer because the outside coverage option has changed. He is more willing to work 
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for ESHI instead of wages in the face of a penalty, and he is less willing to work for ESHI 

instead of wages in the face of a subsidy for health insurance outside of employment. After 

the reform, if the individual moves from not having ESHI to having ESHI, his labor supply 

shifts downward by α + λ − μx, which we call the “penalty-and-subsidy-inclusive valuation” 

of ESHI, multiplied by the cost of health insurance b. The penalty-and-subsidy-inclusive 

valuation incorporates underlying preferences for health insurance and the key policy 

features of mandate-based reform in a simple measure: the shift in labor supply. We will 

show that the penalty-and-subsidy-inclusive valuation is an important sufficient statistic for 

our welfare analysis.

Putting the two sides of the market together yields a labor market equilibrium (w, L) in 

period t that reflects the underlying parameters that determine labor supply and demand. As 

shown in Figure 1, there are two potential equilibria in each period t, conditional on whether 

the individual receives health insurance through the employer: D and A are the equilibria for 

individuals with and without ESHI before the reform, respectively; F and B are the equilibria 

for individuals with and without ESHI after the reform, respectively. Our remaining 

theoretical and empirical analysis relies on the distances between points A, B, D, and F. The 

remainder of this section focuses on translating these distances into parameters of interest 

that ultimately allow us to analyze welfare.

2.2 Characterization of the Compensating Differential for ESHI

We begin by demonstrating how the model allows us to identify the compensating 

differential for health insurance, defined as the causal difference in wages between jobs with 

ESHI and jobs without ESHI. We can also characterize the corresponding hours differential 

using hours in lieu of wages. To obtain compensating and hours differentials, we simply 

compare wages and hours in the equilibria with ESHI (equilibria D and F) to wages and 

hours in the equilibria without ESHI (equilibria A and B). The first column of Table 1 shows 

the four possible comparisons of equilibrium wages and hours that we can use to measure 

compensating and hours differentials. As shown in Figure 1, because health reform shifts 

labor supply and labor demand, the compensating and hours differentials are different 

depending on which equilibria we compare.

7We do not expect the individual penalty to increase the total valuation of health insurance for an individual who already values it 
fully. Therefore, we specify that the magnitude of λ is affected by the underlying valuation α and the statutory penalty Λ as follows:

In the first case, α is small, so λ takes on its statutory value, and the penalty-inclusive valuation, which we define as α + λ, is less than 
1. In the second case, λ is large enough to augment α until the penalty-inclusive valuation is full. In the third case, the individual’s 
underlying valuation of health insurance is higher than the cost to the employer. Such a case could arise if an individual cannot access 
health insurance outside of employment, perhaps because of preexisting conditions that are excluded on the individual market. Such a 
case could also arise if health insurance through the employer is cheaper than other insurance, which is likely because of the tax-
preference for employer-sponsored health insurance and because employers have more negotiating power than individuals. In this 
case, the penalty-inclusive valuation of health insurance is his underlying valuation, and the penalty has no impact. We define the 
subsidy similarly so that it cannot reduce an individual’s penalty-and-subsidy-inclusive valuation beyond zero.
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We can also use the compensating and hours differentials to learn about the valuation of 

ESHI and the other model parameters. In the second column of Table 1, we express each 

compensating or hours differential in terms of the sufficient statistics of the model. These 

expressions follow directly from the geometry of Figure 1. We represent the slope of the 

labor supply curve with s and the slope of the labor demand curve with d (these slopes are 

elasticities if we specify w as the logarithm of wages and h as the logarithm of hours).

In our empirical implementation, we will be particularly interested in the compensating and 

hours differentials for individuals who switch from not having ESHI before the reform 

(equilibrium A) to having it after the reform (equilibrium F). For these individuals, as shown 

in the expression in the last row of the each panel of Table 1, if the penalty-and-subsidy-

inclusive valuation is full (α + λ − μx = 1), then the absolute value of the compensating 

differential is equal to the cost of ESHI (ESHI decreases wages by b), and the hours 

differential is zero (ESHI does not distort hours worked). Therefore, if the compensating 

differential is equal to the cost of the benefit b and the hours differential is zero, then we can 

infer that the penalty-and-subsidy-inclusive valuation is full.8

2.3 Characterization of the Welfare Impact of Mandate-Based Health Reform Using 
Sufficient Statistics

To this point, we have developed a simple model that allows us to express all of the key 

parameters of mandate-based reform as well as the set of preferences that determine an 

individual’s valuation of ESHI in terms of labor market equilibria. We are also interested in 

how the Massachusetts and national mandate-based reform affect welfare and how these 

policies compare to alternative approaches that could be taken to expand health insurance 

coverage. Our model allows us to conduct welfare analysis simply with sufficient statistics, 

building on our estimated compensating differential.

Mandate-based policy can reduce welfare in two ways. First, if it distorts the labor market 

such that workers are willing to work for wages lower than the market wage and employers 

are willing to hire workers for more than the market wage, but the transaction does not 

occur. Second, workers at firms not offering ESHI face a penalty cost. The combined 

deadweight loss of the policies of mandate-based health reform (denoted by the subscript m) 

is as follows:

(1)

If we know the values for all of the terms in this equation, we can calculate the welfare 

impact of mandate-based health reform on the labor market.

8Previous studies based on the Summers model have stopped at related inferences because they only have enough variation to identify 
the valuation if it is full. If the compensating differential is less than the cost of the benefit, and the hours differential is nonzero, then 
they cannot infer the magnitude of the penalty-and-subsidy-inclusive valuation beyond stating that it is not full. However, as we 
discuss in Section 3, the additional sources of variation in our model enrich the empirical content of the Summers model, allowing us 
to identify the penalty-and-subsidy-inclusive valuation, regardless of the true magnitude.
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2.4 Characterization of the Welfare Impact of Mandate-Based to Tax-Based Health Reform

While the welfare impact of mandate-based reform is clearly of interest, we are also 

interested in comparing the welfare impact of mandate-based reform to the welfare impact 

of a counterfactual reform to inform policy decisions and to give us a sense of whether the 

welfare impacts that we find are large or small. Using Equation (1), we can compare the 

deadweight loss of mandate-based reform to the deadweight loss of an alternative policy. If 

we can express the key policy elements in terms of labor market equilibria, then we can 

compare different policies simply by taking the ratio of the deadweight losses. In the 

tradition of Summers (1989), we compare the welfare impact of mandate-based health 

reform to the welfare impact of an alternative tax-based health reform.9

As an alternative to the full-compliance mandate, Summers (1989) considers a single 

counterfactual policy, which he refers to as a “benefit tax”. Under this counterfactual policy, 

again there is a single equilibrium before its implementation at A – no jobs include ESHI. 

Upon the implementation of the policy, the government levies a tax τ on employers to 

provide health insurance. Suppose for now that the tax is equal to the cost of providing a 

standard health insurance benefit b. The deadweight loss of the tax-based reform is given by 

the triangle T′AT :

The key assumption about tax-based reform is that it does not induce a shift in labor supply. 

Taking the ratio of the deadweight loss of mandate-based reform to the deadweight loss of 

tax-based reform, allowing b ≠ τ gives

(2)

This equation characterizes the welfare of the combined features of mandate-based reform 

relative to a tax-based reform in terms of a small number of sufficient statistics: the cost b 
that employers pay for ESHI compared to the necessary tax revenue τ for the same benefit; 

the penalty-and-subsidy-inclusive valuation, α + λ − μx, for individuals who have ESHI after 

reform; the employer penalty ρ for individuals who do not have ESHI after reform; and the 

fraction of individuals with ESHI after reform, ESHIAfter. Since the same individuals would 

be covered by both mandate-based and tax-based reform, underlying health risk is invariant 

to the plan. Thus the ratio of b to τ is just the relative loading cost of ESHI and government-

provided health insurance. We turn next to estimating the key sufficient statistics—the cost 

of the benefit b and the penalty-and-subsidy-inclusive valuation α + λ − μx— which are 

functions of the compensating and hours differentials from before to after the reform.

Our welfare ratio generalizes the ratio implied by Summers (1989) and offers some insights 

that are counter-intuitive. To see this, first consider the ratio implied by Summers (1989): the 

9We note that the Summers model is a special case of our model
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ratio of the deadweight loss of a full-compliance employer mandate given by the triangle D
′AD″ to the deadweight loss of tax-based reform given by triangle T′AT. This ratio 

simplifies to (1 − α)2, yielding the theoretical contribution of Summers (1989): an employer 

mandate reduces deadweight loss relative to a tax.

However, our model demonstrates that an employer mandate does not always reduce 

deadweight loss relative to a tax. If there is already a pay-or-play individual mandate in 

place, then the addition of a full-compliance or a pay-or-play employer mandate weakly 

decreases welfare relative to a tax. Consider the case where there is already an individual 

pay-or-play mandate in place, and some firms provide ESHI while others do not, but there is 

no employer mandate of any kind. If the tax is equal to the cost of health insurance (t = b), 

then the deadweight loss of the individual mandate relative to a tax is given by Equation (2) 

with μx = ρ = 0, which simplifies to (1 − α)2ESHIAfter. We can see from this expression that 

if there is no employer penalty, then there is no distortion to the labor market for firms that 

do not provide ESHI. Adding a full-compliance employer mandate weakly increases the 

deadweight loss ratio because after its imposition, all firms must provide ESHI (ESHIAfter = 

1); zero distortion without ESHI is no longer possible. Likewise, adding a pay-or-play 

mandate weakly increases the deadweight loss ratio, which becomes (1 − α)2ESHIAfter + 

ρ2(1 − ESHIAfter) because there is now a deadweight loss triangle for firms without ESHI. 

Intuitively, the individual mandate has a smaller deadweight loss than a tax because it makes 

individuals willing to work for lower wages if they receive ESHI. When the individual 

mandate is already in place, the employer mandate results in additional deadweight loss for 

individuals without ESHI.

3 Identifying and Estimating the Model

In this section, we develop the empirical analog of our theoretical model. We have shown 

that we can express the compensating differential for ESHI and the welfare impact of health 

reform in terms of differences between the four labor market equilibria. Thus, to estimate the 

model we must identify wages and hours at each equilibrium. To do so, we rely on the 

variation induced by the reform in Massachusetts. The simplest approach would require only 

eight pieces of data to estimate the four labor market equilibria in Figure 1: average wages 

and hours for jobs with and without ESHI before and after reform within Massachusetts. We 

could then calculate the compensating differential for ESHI and the sufficient statistics for 

the welfare impact of health reform. However, we need to incorporate additional sources of 

variation to account for factors outside of the model that would bias our estimates were we 

to merely compare means in Massachusetts over time across groups. In practice, we also 

calibrate the sufficient statistics that are the least well-identified by our empirical variation.

3.1 The Estimating Equation

To estimate all of the relevant differences between labor market equilibria, the compensating 

and hours differentials and the welfare impact of health reform, we specify and estimate 

wage and hours equations of the following form:
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(3)

where Yit measures wages w or hours L for individual i in state s at time t. We specify wages 

and hours in levels.10 MA is an indicator for the state of Massachusetts relative to other 

states, ESHI is an indicator for ESHI relative to the absence of ESHI, After is an indicator 

for the period after the reform relative to the period before the reform, and Large is an 

indicator for large firms relative to firms of known small size that are exempt from the 

employer mandate. We represent the coefficients of the wage equation with subscripted β 

coefficients, and we represent the corresponding coefficients of the hours equation with 

subscripted γ coefficients. The numbers of the coefficients convey that they are a subset of 

the coefficients of the full equation that we use to separately identify different values of μx, 

which we present in the Online Appendix. We include state fixed effects ϕs with a state other 

than Massachusetts omitted to control for differences in wages across states, and we include 

individual fixed effects δi to control for time-invariant differences across individuals, 

allowing for individual-specific shocks at time t, εit. We include a time fixed effect, After, to 

control for changes in the labor market over time.11 We begin with a baseline specification 

that excludes all bracketed terms. This specification excludes variation between large and 

small (exempt) firms. We subsequently include the bracketed terms in our full specification.

Our approach incorporates three key sources of variation in addition to the changes in 

Massachusetts over time in labor market outcomes by ESHI status. First, we rely on 

variation within individuals over time by including individual fixed effects. The individual 

fixed effects are essential because they allow us to control for a myriad of worker 

characteristics that shift labor supply and demand for a given individual for reasons that are 

correlated with having ESHI. That is, individuals who have ESHI are likely to differ from 

those individuals who do not, and those differences also manifest in labor market outcomes. 

Unobserved differences between individuals with and without ESHI is the standard concern 

that has plagued the literature on the compensating differential for health insurance. A more 

subtle but critical reason to incorporate individual fixed effects is the need to address 

compositional change among those with ESHI in Massachusetts from before to after the 

reform. If mandate-based reform differentially increases ESHI rates among individuals with 

lower wages and/or work hours, without individual fixed effects, we could spuriously 

estimate a negative relationship between ESHI and wages after the reform.

Second, we incorporate variation between Massachusetts and other states to control for 

factors that shift labor supply and demand nationally for reasons that are unrelated to 

10The level specification allows us to capture the impact of the reform on the intensive margin of how many hours to work and the 
extensive margin of whether to work because we can include unemployed workers in the sample, specifying that they have wages and 
hours of zero. The level specification also allows health insurance to have a realistic additive rather than multiplicative effect on 
wages, but we also investigate robustness to specifying wages and hours in logarithmic form.
11In all specifications, we also allow for a “during” implementation period that is separate from the before and after periods. In our 
results tables, we represent the coefficients on during period terms with corresponding d superscripts.
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Massachusetts health reform. Incorporating this variation allows us to control for any 

aggregate trends in the relationship between ESHI and labor market outcomes.

Finally, in our full specification, we incorporate variation between small and large firms.12 

This additional source of variation allows us to better identify the impact of the employer 

penalty by comparing firms that qualified relative to firms that were exempt. In contrast, 

because it does not include variation by firm size, our baseline specification assumes that all 

Massachusetts firms are subject to the employer penalty after reform. Incorporating variation 

by firm size also helps to control for Massachusetts-specific factors unrelated to health 

reform that could shift labor supply and demand.13

Our estimating equations are relatively straightforward, allowing us to estimate them with 

ordinary least squares. The simplicity of the estimating equations is an advantage of our 

model relative to alternative structural models because robustness analysis is easier to 

implement, and the results are more transparent. Furthermore, because the functional form 

of these equations is relatively simple, we can interpret the coefficients directly as well as 

the combinations of coefficients that make up the sufficient statistics.

3.2 Estimating Wages, Hours, and the Compensating Differential for ESHI

To identify the wage and hours associated with different equilibria, we focus on the linear 

combinations of coefficients that correspond to wage and hours at each equilibrium A, B, D 
and F, as opposed to focusing on a single coefficient as in a traditional difference-in-

differences model. Accounting for differences with relevant control groups, we express the 

wages associated with each equilibrium in Table 2. The hours associated with each 

equilibrium are equivalent with γ in place of β. To ease interpretation, we normalize wA = 0 

and LA = 0 so that all equilibria are relative to the equilibrium without ESHI before reform. 

The derivation of these expressions is straightforward. For example, the difference in wages 

between equilibrium B and A (the equilibrium without ESHI after the reform relative to the 

equilibrium without ESHI before the reform) is β11, the change in wages from after the 

reform to before the reform for individuals who remain without ESHI in Massachusetts, 

relative to individuals in other states who remain without ESHI.14

Using the expressions for the labor market equilibria in Table 2, we can then express the 

compensating and hours differentials in terms of regression coefficients in the last column of 

Table 1. Our preferred measure of the compensating differential, wF − wA, is the sum of 

several coefficients: β1 + β8 + β11 [+β1e + β8e]. These coefficients reflect the change in wages 

observed for individuals who switch from not having ESHI before the reform to having it 

after the reform, relative to individuals who have the same switch in ESHI status from before 

12We recognize that firm size can be endogenous in the sense that individuals can choose to work at small or large firms in response to 
health reform or firms that are near the firm size cutoff may endogenously change their size to avoid penalties. However, we want to 
allow for such behavior to capture the broadest possible impact of reform.
13We extend the model to incorporate variation in subsidy amounts in the Online Appendix. This variation allows us to identify 
separate equilibria for individuals for different subsidy amounts. With these equilibria, we can separately identify λ from μx, and we 
can identify a different value of μx for each income eligibility group x. However, because using this variation requires us to divide the 
data into small groups based on income eligibility thresholds, we do not use this variation in our full specification.
14In the full specification, which includes the bracketed terms in Equation (3), β11 also reflects the difference between individuals in 
large firms and individuals in small exempt firms, thus controlling for Massachusetts-specific factors after reform.
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to after reform in other states. Because the most convincing identification comes from 

changes in ESHI status for a given individual induced by the reform, we focus on this 

comparison for our preferred estimates of the compensating and hours differentials. In 

contrast, the first two differentials in Table 1 rely on changes in ESHI status for a given 

individual within the period either before or after reform. The changes in ESHI status that 

identify these compensating differentials could be endogenous, even after including 

individual fixed effects, if individuals gain ESHI when they get a better job that includes 

health insurance.

3.3 Estimating the Welfare Impact of Mandate-Based Health Reform

To estimate the welfare impact of health reform given in Equations (1) and (2), we first 

estimate the underlying sufficient statistics. We can express most of the sufficient statistics in 

terms of differences in wages and hours between the four labor market equilibria depicted in 

Figure 1. Our derivation follows directly from the geometry of the figure. In the first two 

rows of Table 3, we express the supply and demand curve slopes in terms of wages and 

hours differences between equilibria. The last column gives equivalent expressions in terms 

of coefficients. In the subsequent rows of the table, we express other sufficient statistics in 

terms of the slope of the labor supply and demand curves as well as differences between 

other equilibria.

As discussed above, the differences between labor market equilibria that are identified by 

changes resulting from the Massachusetts reform are arguably best identified. Therefore, 

some sufficient statistics are identified more convincingly than others. Fortunately, these 

sufficient statistics are the most important for welfare analysis: the penalty-and-subsidy-

inclusive valuation (α + λ − μx) and the cost of ESHI to employers (b).

The other sufficient statistics are identified in principle, but not as convincingly because they 

do not depend on changes in ESHI status induced by the reform.15 In practice, we estimate 

values for these parameters that do not accord well with values that we expect based on the 

literature and the empirical magnitude of the employer penalty. Given that these parameters 

are not identified by the Massachusetts reform and that their misspecification can affect the 

estimates of all the other sufficient statistics through the s and d terms in their derivations, 

we discard the empirical estimates and calibrate them. Reviewing the literature suggests that 

reasonable magnitudes for labor supply and demand elasticities are 0.1 and −0.2, 

respectively (Blundell and MaCurdy 1999, Hamermesh 1996).16 We also calibrate the 

15We can identify the slope of the demand curve d by comparing individuals with ESHI before and after the reform; we can identify 
the slope of the supply curve s by comparing individuals without ESHI before and after the reform; and we can also identify the 
employer penalty ρ by comparing individuals without ESHI before and after reform, using a value for d. We can also identify α, λ, and 
μx separately from their sum, which would allow us to analyze the welfare impact of the separate components of health reform 
independently. As shown in Table 3, identification of α requires a value for s and the comparison of people with and without ESHI 
before reform. The inclusion of individual fixed effects should help to identify α because we control for time-invariant factors that 
affect wages and benefits. However, any changes over time that affect both simultaneously will lead to bias. For example, if an 
individual without health insurance gets promoted to a job with higher wages and ESHI, we will estimate a negative value for α, even 
if the individual values the benefit such that the true value of α is positive. Such bias is precisely the problem that has hindered 
previous efforts to identify compensating differentials, which we overcome in identifying the penalty-and-subsidy-inclusive valuation 
but not in identifying α separately. We can also attempt to separately identify λ and μx. As shown in Table 3, identification of the 
difference λ − μx requires a value for s and the comparison of people with ESHI before and after reform. To separately identify μx 
from λ, and to identify different values of μx for people eligible for different subsidy amounts, we can incorporate variation in subsidy 
amounts across income eligibility thresholds as we discuss in the Online Appendix.
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employer penalty ρ such that the dollar value of the employer penalty ρb is equal to the 

statutory penalty of $295 per year.

Given that we calibrate some sufficient statistics, one might be tempted to calibrate most of 

our model using the statutory values of the policy parameters, rather than estimating any 

sufficient statistics. However, it is important to estimate the sufficient statistics for two main 

reasons. First, the individual’s underlying valuation α does not have a statutory value. 

Second, the behavioral response to the policy parameters might be smaller or larger than the 

statutory policy parameters because of interactions between them and the individual’s 

underlying valuation (see footnote 7), or if individuals over respond if they are averse to 

paying penalties on moral grounds.17 Therefore, we only calibrate values when we have 

reason to believe that identification is not convincing and the empirical results are not 

consistent with the model.

4 Data and Summary Statistics

4.1 The Survey of Income and Program Participation

For our main analysis, we use the Survey of Income and Program Participation (SIPP), a 

nationally representative longitudinal survey covering households in the civilian 

noninstitutionalized population. As we discuss in detail, the longitudinal nature of the SIPP 

is critical for identification. Individuals selected into the SIPP sample are interviewed once 

every four months over a four-year panel. Each interview covers information about the 

previous four-month period, resulting in person-month-level data. Interview months differ 

across individuals in the sample. Previous research has shown evidence of “seam bias” in the 

SIPP, whereby individuals tend to give the same responses during one interview for all four 

months associated with the interview period, but they do change responses from one 

interview to the next (see Chetty [2008]). To address seam bias, we restrict our data to the 

interview month in our regression specifications. We use weights in all summary statistics 

and regressions to account for the SIPP sampling and response unit design.18

We use the full 2004 SIPP panel, which covers October 2003 to December 2007. A potential 

limitation of this SIPP panel is that it does not extend for a long time after reform was fully 

implemented, and it will not be extended further because an entirely new SIPP cohort began 

16Because our specification is in levels (not logarithms), we convert these into slopes at the mean wage and hours.
17The CBO considered a behavioral response to an individual mandate in their estimates of the impact of the ACA on coverage 
(Auerbach et al. 2010). They highlight the need to understand responses to the individual mandate in more detail, and our 
methodology could prove useful.
18We use data from the core content of the SIPP. We construct our data by appending the 12 individual-wave files from the 2004 panel 
and merging longitudinal weights onto the full file by individual person identifiers. Longitudinal panel weights account for people who 
were in the sample in wave 1 of the panel and for whom data were obtained (either reported or imputed) for every month of the panel. 
There are four panel weights associated with the 2004 SIPP panel; the first covers people present in waves 1–4, the second covers 
people in waves 1–7, the third covers people in waves 1–10, and the fourth covers people who have data for the whole sample (waves 
1–12). The panel weighting scheme does not assign weights to people who enter the sample universe after wave 1 (panel weight = 0 if 
the individual was not in the sample in wave 1, if they have missing data for one or more month(s), or both). In choosing the 
appropriate weights, there is a tradeoff between length of individual data and reductions in sample size associated with attrition. Our 
specification does not use panel weights and instead uses individual weights, therefore maximizing the number of respondents. In 
results not reported, we reestimate our regressions using each panel weight. Reassuringly, the coefficients of interest are relatively 
robust to these weight changes. Using weights 3 or 4 does lead to substantial loss of precision as the sample size falls when moving 
from longitudinal weight 1 to 4.
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in 2008. Despite this potential limitation, we believe the SIPP data are the best-suited to 

modeling the labor market impact of the Massachusetts reform for a number of reasons.

First and foremost, the SIPP is the largest longitudinal data set that we are aware of that 

includes labor market outcomes and insurance information. The Medical Expenditure Panel 

Survey (MEPS) is longitudinal, but it only extends for two and a half years, and the sample 

size is only approximately 15 percent of the size of the SIPP, with 160 individuals in 

Massachusetts.19 The Current Population Survey (CPS) and the American Community 

Survey (ACS) do not include longitudinal identifiers for health insurance. Although 

administrative data from Social Security are longitudinal, they do not include information on 

hours worked or insurance.

Second, while we cannot compare wage and hours trends conditional on individual fixed 

effects across data sets because of data availability, raw wage and hours trends are very 

similar in the SIPP to those in other data sets inside and outside of Massachusetts. We 

present these comparisons in Appendix B.

Third, although we observe a relatively short period of responses after the individual 

mandate went into effect on July 1, 2007, we also observe a full year of responses during the 

implementation of the reform. Thus, we are able to observe the response in wages and hours 

of all individuals who changed ESHI status in Massachusetts at any time after the reform 

was passed. This is particularly valuable because open-enrollment periods for ESHI are 

generally in November, with new coverage starting in January. Thus, to satisfy the individual 

mandate in July 2007 by taking up ESHI, many individuals would have to start coverage in 

January 2007, well before our data end at the end of December 2007.20 Using data from the 

CPS, we find that of the eventual increase in coverage among those 18–64 in Massachusetts 

by 2010, 87 percent had occurred by the end of 2007 (measured in the March 2008 CPS). 

The share of the eventual increase in those covered by ESHI by 2010 is even higher at 91 

percent, suggesting that our sample period covers the time in which much of the expansion 

due to the reform had occurred despite our relatively short post-reform period.21

Despite all of the advantages of the 2004 SIPP panel, one limitation is that the sample size 

decreases over time, primarily because of interview reductions but also because of attrition. 

Our group of interest is the population between the ages of 18 and 64. In 2004, there are 

72,057 unique individuals in this sample across states, of which 2,047 unique individuals are 

in Massachusetts. In 2007, there are 28,661 unique individuals in the sample, of which 685 

unique individuals are in Massachusetts.

19We have run our regressions in the restricted-access MEPS with state identifiers, but the sample size is not large enough for us to 
obtain reliable results.
20We also note that even if we had data beyond December 2007, we would be reticent to rely on it to estimate our model because a 
recession began at that time. Dubay et al. (2012) present insurance coverage and employment measures in Massachusetts, a set of 
northeastern control states, and the remainder of the country over time. They show the impact of the recession in both Massachusetts 
and the various control groups beginning almost immediately in 2008. With 2008 data, we would thus be concerned that the recession 
could have had a differential impact on Massachusetts relative to other states.
21We do, however, note that even though the CPS asks about coverage in the previous year, it is well known that responses also reflect 
current coverage. Thus, the responses from March of 2008 may reflect some share of people who gained coverage in 2008. 
Nevertheless, because the survey was very early in 2008, we would expect much of the change in coverage to have occurred in our 
sample period in 2007.

Kolstad and Kowalski Page 15

J Health Econ. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Using the SIPP, we construct our main dependent variables: hourly wages w and hours 

worked per week L. We convert all wages into 2006 dollars using the Consumer Price Index 

for all urban consumers (CPI-U) to adjust for inflation. The SIPP allows respondents to 

report wages and hours for up to two jobs, but our estimates rely on income and hours 

worked only in the primary job. Because the SIPP data only include monthly income, not 

monthly wages, we must divide income by a measure of hours worked to obtain monthly 

wages. However, because our model relies on separate movements in w and L, it would be 

problematic for both measures to reflect contemporaneous movements in L. To get around 

this issue, which is related to the division bias problem in the labor economics literature, we 

divide income by the average hours reported in the first four interviews (representing a 16-

month period). Our regression estimates are robust to alternative wage measures because 

hours vary less than wages.

4.2 Summary Statistics

We report summary statistics in Table 4. We compare the full population, the Massachusetts 

population, and the non-Massachusetts population before reform and after reform. We 

exclude the during-reform period here for simplicity. The first row of the table shows our 

primary measure of w: weekly earnings divided by baseline hours per week, including zero 

wages for individuals without a paid job. Wages are higher in Massachusetts than they are in 

other states before and after reform. Netting out the change in wages in other states from 

before to after reform, as shown in the last column, hourly wages increased by $1.10 in 

Massachusetts after reform on a base of $17.90 before reform. This increase is statistically 

significant. Excluding individuals without a paid job in the second and third rows of the 

table, we see that wages increased by $0.05, or 0.1 percent among the employed, which is 

less than the wage increase that we see in the full sample, suggesting that part of the wage 

increase we observe is driven by an increase in the number of people with paid jobs. Indeed, 

the probability of reporting a paid job increased by 2.9 percentage points in Massachusetts 

after reform on a base of 81.8 percent before reform.

Results in the fourth row suggest that hours increased by 1.3 hours per week in our preferred 

measure of L, which includes zero hours for individuals without a paid job. However, the 

increase in hours appears to entirely reflect an increase in employment. Among individuals 

with a paid job, hours decreased by 0.27 hours per week on a base of 38.3 hours per week 

before reform, or by 0.8 percent in the logarithmic specification. The next row shows that by 

focusing on the first job only in our primary measure of L, we account for approximately 95 

percent of hours in all jobs.

Taken together, these statistics suggest that Massachusetts experienced increased wages and 

increased hours overall, with some of the increase in wages and all of the increase in hours 

operating through increased employment. The increases in wages and hours that we observe 

are consistent with our model, which predicts small but ambiguously signed impacts on the 

aggregate labor market, given small numbers of individuals who switch ESHI status. We will 

need to use our regression framework with individual fixed effects to focus on those 

individuals who changed coverage due to the reform, isolating the key empirical variation.
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Individuals who changed ESHI status as a result of the reform are critical to our 

identification. In the middle rows of Table 4, we compare insurance coverage in 

Massachusetts and other states. Massachusetts has higher insurance coverage rates than 

other states; approximately 91 percent of individuals between the ages of 18 and 64 in 

Massachusetts had some type of health insurance before reform, increasing to 95 percent 

after reform. Outside of Massachusetts, health insurance coverage stayed flat at 83 percent. 

The simple difference-in-differences estimate for the increase in coverage in Massachusetts 

due to the reform is 3.8 percentage points—slightly lower but consistent with existing 

estimates (Long 2008; Kolstad and Kowalski 2012; Yelowitz and Cannon 2010). We also see 

an increase in the rate of ESHI coverage in Massachusetts of 0.5 percentage points; however, 

this increase is not statistically significant.

Table 5 presents summary statistics for those switching ESHI status from before reform to 

after reform in Massachusetts and control states. Our estimates likely give us a local average 

treatment effect for the individuals who are induced to switch ESHI status by the 

Massachusetts reform, but this local average treatment effect will be policy relevant if 

similar individuals are induced to switch by the ACA. We see that those who switched ESHI 

status following reform in Massachusetts had lower hourly wages, fewer working hours, and 

lower rates of employment before reform than the average Massachusetts resident. The 

differences between those who switched ESHI status and the rest of the population are 

relatively small, but they underscore the need for us to use individual fixed effects in our 

regression specifications to account for compositional change in the population with ESHI. 

We also see that those switching ESHI status were slightly younger, less likely to be 

married, and more likely to be male than the population that did not change ESHI status. 

Finally, the bottom panel shows that those changing ESHI status were roughly equally likely 

to change from a small to a large firm and vice versa from the period from before reform to 

after reform. Their rate of firm size switching was also no higher than it was nationally, 

suggesting that the population that identifies our main results does not systematically move 

between firms based on the applicability of the employer penalty.

5 Results and Discussion

5.1 Graphical Analysis

We begin by presenting a graphical version of our baseline specification that allows us to 

investigate trends over time, after incorporating individual fixed effects. To do so, we run a 

regression analogous to our baseline (no bracketed terms) specification given by Equation 

(3), where the only change is that we replace every instance of After with a vector of all two-

month periods in our data, including those before reform, omitting only the last two-month 

period before reform (May–June 2006).22

In Figure 2, we plot the vector of coefficients corresponding to β12 with the points connected 

by the dashed line labeled ESHI. This line gives the wage premium for jobs with ESHI 

22Because incorporating longitudinal variation through individual fixed effects places greater demands on the data, making the trend 
lines noisier, we combine each monthly response into mutually exclusive two-month periods, and we use all months available in the 
data instead of just interview months in these figures only.
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relative to jobs without ESHI outside of Massachusetts—the empirical difference in wages 

between jobs with ESHI and jobs without ESHI. We also plot the vector of coefficients 

corresponding to β1 with the points connected by the solid line labeled MA * ESHI. This 

line gives the differential wage premium for ESHI jobs relative to jobs without ESHI in 

Massachusetts relative to other states. Because individual fixed effects are included in the 

regressions, the coefficients are identified by people who change ESHI status in the given 

period relative to the omitted period outside and inside of Massachusetts, respectively. We 

also show 95 percent confidence intervals for both lines, clustered by state. In Figure 3, we 

plot the corresponding γ coefficients from a regression with hours as the dependent variable.

Outside of Massachusetts, we see that the wage premium for ESHI jobs stays fairly constant 

over time in Figure 2. Within Massachusetts before reform, the wage premium appears more 

variable, likely given the smaller sample size. However, trends in the wage premium are 

broadly similar in Massachusetts and in the other states before reform, lending support to 

our identification strategy.

Following the passage of reform in Massachusetts, we see a striking shift in the relationship 

between ESHI and wages for individuals who switch ESHI status. There is a substantial 

drop in the wage premium for ESHI jobs relative to jobs without ESHI during and after the 

reform in Massachusetts relative to the period before the reform and relative to other states. 

We generally see a drop in the wage premium during each of the two-month periods after 

May–June 2006 except for the last two-month period, which shows a puzzling increase in 

both figures. The increase seems to be due to sizable attrition from the sample in the last two 

months and not to a real increase in the wage premium.23 Our regression specification, 

which pools all data within the before, during, and after periods separately, places little 

weight on the visible uptick in the very last two-month period because of the small sample 

size from which it is drawn.

The results in Figure 3 suggest that, while trends in the hours premium are somewhat noisy 

in Massachusetts, they do not change dramatically in Massachusetts after the reform. The 

uptick that we observe in the last period of observation appears to be due to sample attrition, 

as in Figure 2. The overall small impact that we observe on the hours premium is consistent 

with the relatively large observed decline in the wage premium; if wages for those with 

ESHI fell by roughly the full the cost of ESHI to the employer, we would not expect a 

change in hours worked. The timing of the shift in the wage premium coincides well with 

the reform.24

23If we examine the underlying data more closely, we see that there are approximately 3,000 observations (with multiple observations 
for approximately 1,600 unique individuals) in Massachusetts in each two-month period before reform, and approximately 1,000 
observations (about 600 unique individuals) in Massachusetts in each two-month period after reform, with the exception of the last 
two-month period, Nov to Dec 2007, in which there are only 400 observations (273 unique individuals).
24Chandra, Gruber, and McKnight (2011) examine enrollment in the individual health insurance market and find a spike in enrollment 
in December 2007. The decline in the wage premium that we observe begins before July 2007, but it does not contradict their results 
because enrollment in ESHI to comply with the individual mandate would have had to occur earlier than enrollment in the individual 
health insurance market to comply with the individual mandate. Although individuals were free to enroll in the individual health 
insurance market at any time—allowing them to carefully time enrollment to comply with the rules of the law—employers generally 
confine enrollment in ESHI to one particular “open season,” so individuals would need to enroll in ESHI earlier to satisfy the 
individual mandate in July 2007. In our data, we cannot observe open seasons, and it is difficult to verify enrollment timing, given 
issues with seam bias and reduced sample size after reform. Open enrollment frequently occurs on calendar or fiscal years. In either 
case, to comply by July 1, 2007, one would have had to sign up for ESHI in December 2006 or June 2007. Therefore, we would expect 
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Although the regression results formalize the magnitude of the decline in the wage premium 

after reform, we can learn something about the magnitude by examining Figures 2 and 3, 

keeping in mind that the last point gets the smallest weight. We should also keep in mind 

that we expect wages for jobs with and without ESHI to fall in Massachusetts after reform, 

and by analyzing coefficients that correspond to β1 only, we are assuming that there is no 

employer penalty. The true compensating differential that takes the employer penalty into 

account will be larger than the effects we observe. In Figure 2, the magnitude of the decline 

in the wage premium for ESHI jobs in Massachusetts over the entire period during and after 

reform appears to be approximately $1.5/hour, which corresponds to a roughly 7.5 percent 

decline. These figures provide the first evidence that the Massachusetts reform affected jobs 

with ESHI, as we predict in our model. They also signal that we have found an exogenous 

source of variation that will be useful in identifying a compensating differential for ESHI.

The shift that we observe in the relationship between ESHI and wages from before to after 

reform in Massachusetts is particularly striking because it implies that individuals who 

switched into ESHI from before to after reform experienced declines in real wages that were 

larger than inflation, indicating that they experienced declines in nominal wages. The labor 

economics literature shows that it is very rare for workers who remain in the same job to 

accept declines in nominal wages. Since these figures do not condition on remaining in the 

same job, some of the decline could be due to workers who switch ESHI status at the same 

time that they switch jobs, and these workers could accept lower monetary wages if they 

receive health insurance. Alternatively, workers could have accepted lower nominal wages in 

the same job if the firm started providing health insurance. Because the reform in 

Massachusetts affected the universe of employers, it is plausible that it motivated 

compensation renegotiations, which allowed for nominal wage reductions. We know of no 

data on this, so we cannot say much about the detail of the mechanism. We do, however, 

return to these alternatives in a set of robustness checks that condition on remaining in the 

same job.

5.2 Regression Results

We report results from the baseline wage and hours equations in Table 6, and we begin our 

analysis by examining the coefficients directly. Recall that β1 gives the compensating 

differential and γ1 gives the hours differential if we assume that there is no employer penalty 

such that individuals without ESHI in Massachusetts after reform provide an additional 

control group for individuals with ESHI in Massachusetts after reform. That is, we do not 

allow for variation by firm size that distinguishes those who face the employer penalty in the 

group without ESHI. The estimated β1 tells us that hourly wages are $0.85 lower for the 

same individuals when they have ESHI relative to when they do not have ESHI, after the 

reform relative to before the reform, in Massachusetts relative to other states. This 

coefficient is statistically significant at the 99 percent level. Annualizing the decrease in 

hourly wages for a full-time worker, this coefficient implies that the compensating 

to see much of the impact of the reform prior to the precise implementation of the mandate, in the latter portion of 2006 or the first 
half of 2007.
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differential for ESHI is −$1, 759.68 (=−0.846 × 40 × 52) per year. This compensating 

differential is of the expected sign, standing in contrast to much of the literature.

In the second column of Table 6, our estimate of the hours differential using γ1 tells us that 

weekly hours are −0.238 lower for jobs with ESHI relative to jobs without ESHI in 

Massachusetts relative to other states, after reform relative to before reform. Recall that if 

the penalty-and-subsidy-inclusive valuation of the benefit is full, the hours differential will 

be zero. The estimated coefficient is not statistically different from zero, and the standard 

errors rule out large increases or decreases in hours, consistent with a relatively high 

valuation of the benefit.

To extend these results, we turn to estimating our full model that incorporates variation by 

firm size. As we discussed in Section 3, this additional source of variation allows us to 

separately estimate the employer penalty and to allow for changes in the Massachusetts 

labor market unrelated to health reform. We also find empirical support for the inclusion of 

this additional variation in our full specification.25

5.3 Estimates of the Compensating Differential for ESHI

To obtain estimates of the compensating differential and hours differential for ESHI, we 

estimate our full specification with firm size interaction terms, and we report the results in 

Table 7. We plot the empirical analogs of the four theoretical equilibria shown in Figure 1 

Figure 4. We plot all equilibria relative to equilibrium A (no ESHI before reform) at the 

origin.

The most important relationship to notice in Figure 4 is that equilibrium F (ESHI after 

reform) is to the lower left of equilibrium A (no ESHI before reform), as predicted by our 

theory. The relationship between A and F is the best identified relationship in the figure. The 

compensating differential for ESHI from Table 1 is the negative of the vertical distance 

between equilibrium A and equilibrium F. As depicted in Figure 4, the third column of Table 

7 shows that wF − wA is equal to −$1.35 per hour. Annualizing the point estimate for a full-

time worker, the implied compensating differential is −$2, 812 per year, which corresponds 

closely to the average cost of ESHI to employers. This suggests that the magnitude of our 

estimate is in a plausible range and that the penalty-and-subsidy-inclusive valuation is high. 

The annualized 95 percent confidence interval on the compensating differential is −$5, 090 

to −$1, 098 per year.26 We obtain our preferred estimate of the hours differential for ESHI 

by taking the negative of the horizontal distance between equilibrium A and equilibrium F. 

As depicted in Figure 4, the third column of Table 7 shows that LF − LA is equal to −0.96 

25If we do not assume that the employer penalty is zero, then the compensating differential from the baseline model is given by β1 + 
β8 + β11 = −0.846 + 1.128 + 1.728 = 2.010, which is of the wrong theoretical sign. Recall from Section 3.2 that if the employer 
penalty is small and there are no labor market changes in Massachusetts relative to other states after reform, we expect β11 to be small 
relative to β1 and negative. Similarly, if our individual fixed effects allow us to identify the compensating differential convincingly 
without using variation in ESHI induced by reform, we expect β8 to be small and negative relative to β1. However, both are positive 
and of the same order of magnitude as β1. Our estimated β11 suggests that something other than reform differentially affected the 
labor market in Massachusetts relative to other states (confirming our discussion of summary statistics), so we prefer the specification 
that incorporates variation by firm size. Our estimated β8 suggests that we need variation in ESHI induced by reform to estimate the 
compensating differential for ESHI. For these reasons, we focus on estimates that compare point A to equilibrium F incorporating 
variation by firm size in the full specification.
26Confidence intervals are obtained by block-bootstrapping by state.
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hours per week. While small in magnitude, this estimate is statistically different from zero at 

the 5 percent level.

We can also derive compensating and hours differentials by comparing other equilibria, as 

shown in Table 1. However, all of the other compensating differentials are of the wrong 

theoretical sign, which is not surprising because they are not identified by health reform. 

Because we cannot convincingly identify the location equilibrium D relative to equilibrium 

A, we are not able to separately identify the components of the penalty-and-subsidy-

inclusive valuation of health insurance, α and λ − μ, and our separate estimates of these 

parameters are unreasonable. Although these parameters would be interesting to analyze, we 

do not need to separately identify them to identify the aggregate welfare impact of mandate-

based health reform.

5.4 Estimates of the Welfare Impact of Health Reform

Up to this point, our results have come directly from the regression coefficients, and we have 

not made any calibrations. In theory, all of the sufficient statistics for the deadweight loss for 

health reform given by Equation (1) are identified. However, as we discuss above, we have 

reason to believe that the identification for equilibrium B and equilibrium D is not 

convincing, and plotting the empirical equilibria gives us further cause to doubt their 

identification. Therefore, we rely only on the difference between labor market equilibria that 

is identified by variation due to the Massachusetts reform (equilibrium F relative to 

equilibrium A), and we calibrate other sufficient statistics as shown in Table 8.27

The bottom portion of the third column of Table 7 gives the corresponding estimated values. 

As shown, we obtain a value of 1.72 for b, which translates into $3,566 annually for a full-

time worker. This number is somewhat smaller than the rough cost of ESHI estimated from 

the Kaiser survey data of $6,105. We obtain an estimated value of 0.68 for the penalty-and-

subsidy-inclusive valuation, which suggests that workers value health expenditures made by 

their employers at about $0.68 per $1.28 The magnitude of the penalty-and-subsidy-

inclusive valuation is quite high. In fact, the 95 percent confidence interval for the penalty-

and-subsidy-inclusive valuation ranges up to 0.94.

We find that the deadweight loss of mandate-based health reform is equal to $10 per year (= 

0.198 × 12). Relative to tax-based health reform, mandate-based health reform is 

substantially more efficient: we calculate DWLm/DWLτ = 0.077; the distortions that 

mandate-based health reform induces are only 8 percent of the distortions induced by tax-

based health reform.29 The confidence interval reported in Table 7 suggests that we are 95 

percent certain that the deadweight loss of mandate-based health reform is between 1.2 

27We discuss our choices of calibrated values in Section 3.3. The formulas in this table are drawn from the formulas in Table 3 and 
Equations (1) and (2). The formulas in the lower rows of the table reference values calibrated in the upper rows.
28As discussed above, the estimate of $0.68 per $1 includes the tax preference for ESHI. Based on income, the vast majority of 
respondents in our sample fall in the 10 and 15 percent brackets (less than 20 percent fall in the other possible 25, 28, 33, and 35 
percent brackets). However, these tax brackets overstate actual marginal tax rates because approximately 46 percent of households 
actually pay no federal income tax because of exemptions (Johnson et al. 2011). State and payroll taxes increase all marginal tax rates 
by approximately 10 percent. Therefore, most of our respondents have a penalty-and-subsidy-inclusive valuation of at least 48 cents 
on the dollar, excluding the tax preference, which is still quite high.
29We find that the deadweight loss of tax-based health reform is $134 per year. A tax of size τ = b = $1.71 per hour, would raise 
$2,429 per person per year ($1.71 per hour × (30.26 hours per week in Massachusetts before reform − 3.01 hours per week after 
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percent and 26.5 percent of the deadweight loss of tax-based health reform. This substantial 

efficiency is perhaps not surprising as it follows directly from our estimate of a relatively 

high penalty-and-subsidy-inclusive valuation for ESHI.

5.5 Robustness of the Empirical Results

In Appendix C, we consider the robustness of the empirical results. In Appendix C.1, we 

examine the robustness of our empirical results to the calibrated values, and we show that 

our main finding that the deadweight loss of mandate-based health reform is substantially 

smaller than the deadweight loss of tax-based health reform is robust to a wide range of 

calibrated values. In Appendix C.2, we examine robustness to the estimation sample and 

show that the results are similar when we restrict our sample to individuals in New England 

and married individuals. When we restrict our sample to individuals in New England, we 

find that the ratio of the deadweight loss of mandate-based health reform to the ratio of the 

deadweight loss of tax-based health reform is 0.1 percent—which is smaller but qualitatively 

similar to our preferred estimate of 7.7 percent. In Appendix C.3, we examine continuous 

workers separately from workers who move into and out of employment, and we find that 

we still observe a compensating differential among continuous workers. Finally, in 

Appendix C.4, we show that our results are not robust to the exclusion of individual fixed 

effects—individual fixed effects are essential to identification.

5.6 Implications for National Reform

The impact of mandate-based reform in Massachusetts is interesting its own right. However, 

because the Massachusetts reform bore all of the same key features as national health 

reform, we can use our model and our estimates to reach some conclusions about the 

potential welfare impact of the ACA. While we do not model all of the underlying structure 

that would be required to fully predict the impact of national reform, because of the many 

similarities between both reforms, given our sufficient statistics approach, we expect the 

welfare impacts to be similar to the extent the policy parameters are equivalent in 

Massachusetts and under the ACA.30 Since the magnitudes of the individual penalty, 

employer penalty, and subsidies differ across the reforms, we can use our model to consider 

the robustness of our main conclusions. We can also use our model to consider the impact of 

other differences between Massachusetts and the rest of the nation.

The relatively larger individual penalty under the ACA suggests that the national reform 

could be even more efficient than the Massachusetts reform. The individual penalty 

increases the penalty-and-subsidy-inclusive valuation, decreasing distortion. Thus, while the 

labor market distortion of mandate-based health reform in Massachusetts was only 8 percent 

of the distortion of tax-based health reform, a larger individual penalty would decrease the 

ratio even further. On the other hand, the employer penalty is also larger under ACA than it 

reform) × 52 weeks per year), which would not be large enough to finance the estimated average annual cost of ESHI per worker of 
$3,566. Even if we only require that tax-based reform insure as many individuals as mandate-based reform, 95 percent of individuals 
in the Massachusetts experience, the government would still need to collect $3,387 per worker ($3, 566 × 0.95). Therefore, we are 
conservative in setting τ = b. Under the tax, the ratio of the deadweight loss to revenue raised is 0.06, which is on the lower end of the 
range but consistent with prominent estimates from the literature such as Ballard, Shoven, and Whalley (1985) and Feldstein (1999).
30Our work complements recent work by Aizawa and Fang (2013) that examines a richer interaction between the ACA and the labor 
market but requires additional structure.
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is in Massachusetts, which increases distortion. In practice, the size of the employer penalty 

is unlikely to change our basic conclusions on the efficiency of mandate-based reform. As 

we show in Appendix C.1, our finding that mandate-based health reform is substantially 

more efficient than tax-based health reform is robust to the larger value of the penalty.

There could also be general equilibrium changes to health insurance markets under national 

reform that our analysis of the Massachusetts reform does not capture. For example, 

compliance with the reform in Massachusetts was high, mitigating adverse selection in the 

market for health insurance outside of employment (see Hackmann, Kolstad, and Kowalski 

[2012,2015] for evidence of adverse selection in Massachusetts prior to the reform). If 

compliance with national reform is not as high, adverse selection could remain high in the 

market for health insurance outside of employment, making the outside alternative to ESHI 

less attractive. In terms of our model, although adverse selection in the non-employer-

sponsored market should not affect the cost of health insurance to employers b, it could 

affect the value of a dollar of ESHI relative to a dollar of wages α because employees will 

value ESHI more if their outside health insurance option is more expensive. In that case, 

more adverse selection in the market for health insurance outside of employment nationally 

could actually decrease the reform-induced distortion to the labor market relative to what we 

observed in Massachusetts.

6 Conclusion

The recent Massachusetts and national health reforms are the most profound changes to 

health policy in the United States since the introduction of Medicare and Medicaid in 1965. 

Since employers sponsor the majority of health insurance coverage for the nonelderly in the 

United States, changes to health policy can affect the labor market profoundly. To study the 

relationship between health reform and the labor market, we develop a model that 

incorporates the three key elements of mandate-based health reform: employer and 

individual pay-or-play mandates and expansions in subsidized coverage. Using our model, 

we characterize the compensating differential for ESHI. We also characterize the welfare 

impact of the labor market distortion induced by health reform in terms of a small number of 

sufficient statistics that can be recovered from labor market outcomes. By modeling all three 

elements at once, we show that if an individual mandate is already in place, then the addition 

of an employer mandate increases deadweight loss. This theoretical result has some 

relevance to the ACA employer mandate, which has not yet been enforced as of this writing.

Using variation from the Massachusetts reform—which includes the same mandate-based 

reform elements as the national reform—we estimate our model using longitudinal data 

from the Survey of Income and Program Participation. We find evidence of a substantial 

compensating differential for ESHI: full-time workers who gained coverage because of the 

Massachusetts reform earned lower wages than they would have had they not gained ESHI 

by $2,812 per year, a significant portion of the average cost of their health insurance to their 

employers. Our finding stands in stark contrast to the results from the extensive literature 

that searches for a compensating differential for ESHI but does not find one. Because of 

difficulties with identification, studies generally find that individuals with ESHI have higher 
wages than those without. A small number of studies do find evidence in favor of a 
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compensating differential, showing that wages for workers with ESHI decrease as health 

insurance costs increase. However, these studies use variation in incremental changes in the 

cost of health insurance. We identify the compensating differential using variation in the 

entire cost of health insurance using reform-induced exogenous transitions into and out of 

ESHI.

Building on our estimated compensating differential, we estimate the welfare impact of the 

labor market distortion induced by health reform. Our large estimated compensating 

differential indicates that individuals who gained ESHI were willing to accept lower wages 

because they valued the coverage that they received. We estimate that individuals who 

gained coverage through their employers valued approximately $0.68 of every dollar that 

their employers spent on their coverage. Because individuals valued ESHI, mandate-based 

health reform in Massachusetts resulted in significantly less distortion to the labor market 

than it would have under alternative policies to expand insurance coverage. We estimate that 

if the government had instead increased insurance coverage by establishing a wage tax to 

pay for health insurance, the distortion to the labor market would have been roughly 13 

times as large. Our results suggest that mandate-based reform has the potential to be a very 

efficient approach for expanding health insurance coverage nationally.

Finally, our results help to explain why ESHI coverage increased in Massachusetts relative 

to other states following reform, despite anticipation that other sources of coverage would 

crowd out ESHI (see Kolstad and Kowalski [2012]). Although it seemed plausible that 

employers would stop offering coverage, instead of electing to pay the small employer 

penalty, between 2005 and 2009, the rate of employers offering ESHI increased from 70 

percent to 76 percent in Massachusetts while it remained flat nationally (Massachusetts 

DHCFP 2011a). Our model and results suggest that the individual mandate, combined with 

the large penalty-and-subsidy-inclusive valuation of ESHI, encouraged workers to demand 

ESHI from their employers, which they paid for out of decreased wages. If employers have a 

comparative advantage in offering health plans that their employees value, then we expect 

crowd-in to ESHI—precisely what we observed in Massachusetts. To the extent that ESHI is 

even more valuable relative to other coverage under national reform than it was in 

Massachusetts, perhaps because of the difference in the relative tax preference between 

reforms, we could see even greater crowd-in to employer-sponsored coverage under national 

reform than we did in Massachusetts.
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Appendix A Massachusetts and National Reform Comparison

Table A1

Summary of Labor Market Provisions in Massachusetts and National Reforms

Massachusetts Health Care Reform, 
April 2006

Patient Protection and Affordable 
Care Act (PPACA), March 2010

“Large” Employer At least 11 employees1,2 At least 50 full-time employees3

Provisions Affecting Large 
Employers

Must either:

• Offer employees the option 
to purchase health 
coverage,5 OR

• Pay an annual penalty per 
employee1

In addition, employers:

• Must offer the option to 
pay the premium using pre-
tax wages5

• Are not required to 
contribute towards the 

Must either:

• Offer employees affordable 
health coverage options,4 
OR

• Pay an annual penalty per 
employee3

Affordable coverage defined as:

• Insurance coverage at least 
60% of covered expenses,3 
AND

• Employees not required to 
pay more than 9.5% of 
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Massachusetts Health Care Reform, 
April 2006

Patient Protection and Affordable 
Care Act (PPACA), March 2010

premium (but may pay 
penalties if they do not)5

family income for 
coverage3,4

“Small” Employer Fewer than 11 employees Fewer than 50 employees

Provisions Affecting Small 
Employers

May purchase coverage for employees 
via the Commonwealth Health 
Insurance Connector, which:1

• Offers access to health 
insurance options approved 
by a State board

• Merges the individual and 
small business insurance 
markets

Very small businesses (fewer than 25 
employees) may:

• Be eligible for a tax credit 
for offering health 
insurance if average wages 
are under $50,0003,4

Penalties (Large Employers) Must pay a penalty of $295 per 
employee per year, if:

• The employer does not 
offer health insurance 
options,1 OR

• The employer contributes 
less than 33% of the 
premium2

Must also pay a penalty if employees 
use the uncompensated care pool2

Two types of penalties:

• Must pay $2,000 per full-
time employee for not 
offering any insurance 
options3,4

• Must pay $3,000 (up to a 
maximum) for not offering 
affordable coverage, for all 
employees receiving a tax 
credit for insurance 
purchased on exchange3,4

Penalties increase annually for 
premium growth. Not assessed for first 
30 employees3,4

Provisions Affecting Individuals Individuals are required either to:

• Buy creditable health 
insurance,1,7 OR

• Pay a penalty, if the cost of 
coverage has been deemed 
affordable6,7

Individuals with incomes below 300% 
of poverty can access subsidized health 
insurance:7

• <150% of poverty pay no 
premium1

• 151–200% pay $35 per 
month1

• Up to 300% receive 
subsidies

Individuals are required either to:

• Purchase “qualifying” 
health coverage,8 OR

• Pay a penalty, with some 
exemptions available8

Provides subsidies/access to coverage 
for low-income individuals:

• <133% of poverty become 
eligible for Medicaid 
coverage, effectively 138% 
after deducting 5% of 
poverty8,9

• Up to 400% receive 
premium/cost-sharing 
credits towards purchase 
via the exchanges. Credits 
increase with income, 
limiting contributions from 
2% to 9.5% of income8

Penalties (Individuals) Individuals who do not purchase 
affordable coverage, but are in income 
brackets with affordable coverage 
available, face penalties:7

• Initially, $219 per 
individual

• Starting in 2008, up to 50% 
of the cost of the least 
expensive coverage

Individuals not purchasing coverage 
face a penalty of the greater of:

• $695 (annually) to a 
maximum of three times 
this amount,8 OR

• 2.5% of household income8

These amounts phased in beginning in 
20148

Notes:
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1Kaiser Family Foundation (2007a),

2Felland et al (2007),

3Kaiser Family Foundation (2010d),

4Anonymous (2011),

5Commonwealth Connector (2007),

6Kaiser Family Foundation (2009),

7Kaiser Family Foundation (2010b),

8Kaiser Family Foundation (2010c).

Appendix B Comparison of SIPP to Alternative Survey Data

Figures B1 and B2 plot wages and hours in Massachusetts and non-Massachusetts states 

between 2004 and 2011 for three data sets in addition to the SIPP: the CPS, the MEPS, and 

the ACS. We also include data from the 2008 SIPP panel. It is clear that the 2004 SIPP panel 

captures the same trends as the other datasets, with the only deviation coming from an uptick 

in the last period of observation. As we discuss, the last period of observation is affected by 

attrition from the sample in the last survey month and though an uptick is visible, it does not 

impact our estimation substantially due to the weighting of the regression results. The 2008 

SIPP panel continues with trends similar to the remainder of the country and to the 2004 

SIPP panel.

We also note that the last period of the 2008 SIPP panel appears to have an uptick in wages, 

suggesting that the attrition from the sample we see in the 2004 panel is a general issue with 

the SIPP and does not reflect an unobserved change in Massachusetts the last two months of 

2007. Taken together, these trends suggest that the 2004 SIPP is representative of 

Massachusetts and control states and does not obscure substantial change in Massachusetts 

in the period after our data ends (2008 onwards).

Figure B1. 
Wage Levels in MA vs. Non-MA from Survey Data
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Figure B2. 
Hours Levels in MA vs. Non-MA from Survey Data

Appendix C Robustness of the Empirical Results

Appendix C.1 Robustness to Calibrated Values

Thus far, we have discussed point estimates for the welfare impact of health reform, but we 

are also interested in their robustness. Although the reported confidence intervals should be 

of the correct size for the compensating and hours differentials, the other confidence 

intervals should be too small because they reflect calibrated values, which were themselves 

estimated elsewhere. Therefore, it is instructive to consider robustness to alternative 

calibrated values.

First consider alternative values of ρ and ESHIAfter. These values have little impact on our 

overall conclusion that mandate-based health reform is substantially more efficient than tax-

based health reform in Massachusetts. Our preferred calibrated ρ is 0.083, reflecting that the 

statutory employer penalty of $295 is approximately 8.3 percent of the estimated cost of 

ESHI b̂. If we increase ρ such that the penalty is instead 31.8 percent of the estimated cost of 

ESHI, the deadweight loss for individuals without ESHI after reform is equal to the 

deadweight loss for individuals with ESHI after reform, which is approximately 10 percent 

of the deadweight loss of mandate-based health reform. In this case, ESHIAfter has no impact 

because the size of both triangles is the same.

As discussed in Section 1, employer penalties under the ACA are substantially larger than 

those under the Massachusetts reform, up to a maximum of $3,000 per employee annually, 

approximately 84 percent of the estimated cost of ESHI. However, the deadweight loss for 

individuals without ESHI after mandate-based reform is only 7.7 percent of the deadweight 

loss of tax-based reform; this is because triangle BρAB′ grows with the square of the 
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penalty, but triangle T AT′ grows with the square of the cost of ESHI. Taking into account 

the triangle F′AF″, the overall welfare cost of mandate-based reform is only 25.9 percent of 

the welfare cost of tax-based reform.

Next, consider alternative values for the loading cost of ESHI relative to the loading cost of 

government-provided health insurance, b/τ, keeping all other values the same as in our full 

specification. Suppose that ESHI costs 10 percent more to provide than government-

provided health insurance because the government has economies of scale relative to 

employers, so b/τ=1.1. The deadweight loss of tax-based health reform decreases to $111 

annually, but the deadweight loss of mandate-based health reform is still only 9.3 percent as 

large. Even if b/τ=1.50 such that ESHI costs 50 percent more to provide than government-

provided health insurance, the deadweight loss of mandate-based health reform is still only 

17.2 percent of the deadweight loss of tax-based health reform.

The last calibrated values to consider are the slope of the supply curve s and the slope of the 

demand curve d. To examine the effect of s and d on the ratio of the deadweight loss of 

mandate-based health reform to the deadweight loss of tax-based health reform, we see from 

Equation (2) that the ratio of the deadweight loss of mandate-based health reform to the 

deadweight loss of tax-based health reform grows with the square of the percentage of the 

cost of ESHI that workers do not value: ( ). Using the expressions in Table 3, we 

can express this percentage in terms of the compensating and hours differentials, the slope of 

the demand curve, and the slope of the supply curve. We find that the relative deadweight 

loss of mandate-based reform increases as the slope of the labor supply curve increases 

(becomes more inelastic) and increases as the slope of the labor demand curve decreases 

(becomes more elastic). Holding demand constant, if we increase the calibrated labor supply 

elasticity from 0.1 to 0.2 (from s = 0.19 to s = 0.38), the relative deadweight loss increases to 

14.5 percent. If we increase it further to 0.3 (s = 0.57), the relative deadweight loss increases 

to 20.7 percent. Alternatively, holding supply constant, if we decrease the calibrated labor 

demand elasticity from −0.2 to −0.4 (from d = − 0.38 to d = −0.76), the relative deadweight 

loss increases to 14.3 percent. If we decrease it further to −1.2 (d = − 2.28), the relative 

deadweight loss increases to 33.1 percent. Thus, the finding that mandate-based health 

reform is efficient relative to tax-based health reform is robust to changes in calibrated labor 

supply and demand.

The slopes of the supply and demand curves do, however, fix the incidence of the 

deadweight loss of health reform on employees versus their employers. As we can see from 

Figure 4, as supply becomes less elastic, a larger fraction of each deadweight loss triangle is 

below the L axis, demonstrating that employees bear more of the burden of reform. 

Conversely, as demand becomes less elastic, a larger fraction of each deadweight loss 

triangle is above the L axis, demonstrating that employers bear more of the burden of 

reform.

Appendix C.2 Robustness to Different Estimation Samples

Thus far, our model has taken individual ESHI takeup decisions as exogenous. Therefore, 

individuals who switched into ESHI because of reform are representative of all individuals, 
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and we have estimated the penalty-and-subsidy-inclusive valuation for the population. 

However, we can extend our model to make ESHI status endogenous by allowing underlying 

valuations, and thus penalty-and-subsidy-inclusive valuations, to vary across individuals. In 

this extended model, after allowing for some optimization error, individuals with a penalty-

and-subsidy-inclusive valuation above a certain threshold purchase health insurance in each 

period. Individuals with the highest intrinsic valuation of health insurance α already have 

health insurance before reform. The reform will increase penalty-and-subsidy-inclusive 

valuations for some individuals, leading them to take up ESHI. Interpreted in light of the 

extended model, our estimates then reflect the average penalty-and-subsidy-inclusive 

valuation among individuals who take up ESHI. Therefore, our estimated valuation of 0.68 

from our full specification suggests that individuals who take up ESHI because of reform 

value it at 68 cents on the dollar on average (after incorporating the individual penalty and 

taking the tax-preference for ESHI into account).

Under the extended model with endogenous takeup of ESHI, we can test whether the 

penalty-and-subsidy-inclusive valuation (and thus the incidence of reform among 

employees) varies across different populations by estimating our model on subsets of our 

estimation sample. Under our original model, the same specifications test the robustness of 

our estimates to alternative samples and control groups. We examine our baseline and full 

specifications on two subsets of the full population: individuals in New England and 

individuals who are married.

In the first column of Tables C1 and C2, we restrict our estimation sample to include only 

individuals in New England, on the grounds that Massachusetts might be more similar to 

other New England states than it is to the rest of the country. Table C1 reports results from 

the baseline specification on the New England sample. The estimates of β1 and γ1 (the 

compensating and hours differentials assuming that the employer penalty is zero, 

respectively), are slightly larger in magnitude than the corresponding estimates from the 

baseline specification. However, the compensating and hours differentials from the full 

specification are very similar to those from the full sample. In the sample that includes only 

New England, the annualized estimate of the cost of ESHI b is $10,997, much larger than 

our preferred estimate ($3,566), but the penalty-and-subsidy-inclusive valuation of 0.89 is 

also closer to 1 than our preferred estimate of 0.68. Furthermore, the ratio of the deadweight 

loss of mandate-based health reform to the ratio of the deadweight loss of tax-based health 

reform is 0.1 percent—which is smaller but qualitatively similar to our preferred estimate of 

7.7 percent.

In the second columns of Tables C1 and C2, we restrict our estimation sample to include 

only married individuals. Married individuals could value ESHI less than other individuals if 

they have health insurance options available through their spouses; alternatively, they could 

also value it more if their spouse relies on them for insurance. Empirically, we see in Table 

C2 that the valuation of ESHI for married individuals is approximately 0.56, with a 95 

percent confidence interval of 0.47 to 0.64, slightly smaller than the valuation of ESHI for 

the full sample.
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Appendix C.3 Robustness to Intensive Margin Only

Thus far, we have not distinguished the extensive margin decision of whether to work at all 

from the intensive margin decision to work a different number of hours in our measure of L. 

Instead, we have attempted to capture the broadest possible impact of reform by allowing for 

responses on the intensive and extensive margins. However, previous research, including 

Cutler and Madrian (1998), shows that ESHI could have different impacts on employment 

than it does on hours because ESHI has a fixed cost, regardless of hours worked. 

Furthermore, part-time employees often do not receive health insurance from their 

employers.

We now investigate whether we observe responses on the intensive margin and whether the 

distinction between the intensive and extensive margins affects our findings. Unfortunately, 

our model does not allow us to examine extensive margin decisions directly.31 Instead, we 

restrict our sample to individuals who worked; effectively limiting the response to the 

intensive margin. Comparing these estimates to our preferred results allows us to test 

whether the distinction between extensive and intensive margin effects drives our findings. 

We first include only individuals with a paid job and positive wages in a given period. We 

then further restrict our sample to include only individuals with a paid job and positive 

wages over the entire period, and then further to include only individuals with no job switch 

over the entire period. We adjust the calibrated values of s and d to reflect the higher average 

wages and hours. Because these three samples only include people with positive wages and 

hours, we can also estimate logarithmic specifications without losing any information. In the 

logarithmic specifications, our theoretical graph stays the same, the axes change from w to 

log(w) and from L to log(L). With the change in axes, the compensating differential and the 

cost of the benefit are percentages of wages instead of dollar amounts, and the hours 

differential is a percentage of hours. However, the units of the penalty-and-subsidy-inclusive 

valuation and the deadweight loss ratio do not change.

Table C3 presents results from the baseline specification on the three samples of workers, 

using levels and logarithms of the dependent variables. In all samples, our estimates of β1 

give evidence of a compensating differential, assuming no employer penalty. The 

logarithmic specifications show a compensating differential from 6 percent to 10 percent of 

income, broadly consistent with our preferred results. The estimates of γ1, however, do not 

show any evidence of a negative hours differential. If anything, the effect is positive in the 

only specification with a coefficient estimate that is significant at the 95 percent confidence 

level. These results suggest that much of the small decline in hours that we observe in the 

full sample is driven by the extensive margin decision of whether to work.

In the results from the full specification restricted to workers, shown in Table C4, we 

continue to observe a compensating differential. Interestingly, our compensating differential 

findings do not appear to be driven exclusively by individuals who switch ESHI status by 

changing jobs—we still estimate a compensating differential when we only use variation 

31Within our model, we cannot redefine L as an indicator variable for having a paid job, because all individuals with ESHI must have 
a paid job, so equilibrium D would always be above equilibrium F. Alternatively, if we instead aggregate our data, defining L as the 
fraction of individuals with a paid job, we cannot take advantage of longitudinal variation.
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from individuals who switch ESHI status within the same job. In all three samples, the 

penalty-and-subsidy-inclusive valuation is smaller in the level specifications and larger in 

the log specifications. The ratio of the deadweight loss of mandate-based health reform to 

the deadweight loss of tax-based health reform varies from 5.2 percent to 22.3 percent across 

all six specifications, and the largest upper bound of the 95 percent confidence interval is 

36.1 percent. Overall, our results that include only the intensive margin decision are 

consistent with our preferred results, suggesting that the extensive margin decision of 

whether to work does not drive our key findings.

Appendix C.4 Robustness to Elimination of Individual Fixed Effects

We have argued that individual fixed effects are essential to our identification. Indeed, 

empirically, we show that when we exclude individual fixed effects in the baseline and full 

specifications our estimate of the compensating differential becomes substantially smaller or 

loses statistical significance. We present these results in Appendix Tables C5 and C6. These 

tables also show that when we exclude individual fixed effects but instead control for age, 

gender, marital status, race, education, and industry, our estimated compensating differential 

is only slightly larger and is not statistically significant. These results demonstrate that even 

with a large set of demographic controls, there are still unobserved factors that bias the 

comparison of individuals with ESHI to those without before compared to after reform. 

Therefore, the longitudinal nature of the SIPP is very important to our analysis.
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Research Highlights

• We model the labor market impact of the Massachusetts and national health 

reforms.

• Our approach identifies “sufficient statistics” for welfare analysis.

• We estimate the model using the Massachusetts reform.

• Jobs with health insurance pay $2,812 less annually, less than the cost to 

employers.

• The deadweight loss of mandate-based reform was about 8% of its potential 

size.
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Figure 1. 
Graphical Model
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Figure 2. 
Wage Premium for ESHI, Controlling for Individual Fixed Effects, MA vs. Non-MA

Regression coefficients with w as dependent variable. See text for details.

Wages and ESHI are two-month indicators. May–June 2006 are normalized to zero.
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Figure 3. 
Hours Premium for ESHI, Controlling for Individual Fixed Effects, MA vs. Non-MA

Regression coefficients with h as dependent variable. See text for details.

Hours and ESHI are two-month indicators. May–June 2006 are normalized to zero.
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Figure 4. 
Empirical Estimates of Wage and Hours Equilibria
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Table 1

Compensating and Hours Differentials

Compensating Differential Sufficient Statistics Coefficients

wD − wA β8 [+ β8e]

wF − wB β1 + β8 [+ β1e + β8e]

wD − wB β8 − β11 [+ β8e]

wF − wA β1 + β8 + β11 [+ β1e + β8e]

Hours Differential Sufficient Statistics Coefficients

LD − LA γ8 [+ γ8e]

LF − LB γ1 + γ8 [+ γ1e + γ8e]

LD − LB γ8 − γ11 [+ γ8e]

LF − LA γ1 + γ8 + γ11 [+ γ1e + γ8e]
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Table 2

Wages in Terms of Coefficients

wA NoESHI, Before 0

wB NoESHI, After β11

wD ESHI, Before β8 [+ β8e]

wF ESHI, After β1 + β8 + β11 [+ β1e + β8e]
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Table 3

Sufficient Statistics

Sufficient Statistics Wages and Hours Coefficients

s

d

b d(LF − LA) − (wF − wA) d (γ1+ γ8 + γ11 + [γ1e + γ 8e]) − (β1 + β8 + β11 [+β1e + β8e])

ρ

α

λ − μx

α + λ − μx
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Table 5

Summary Statistics for Individuals Changing ESHI Status in MA vs. Non-MA

All States MA

All ESHI Switchers All ESHI Switchers

Unique Individuals observed Before and After Reform 23,239 4,030 626 87

w: Weekly earnings / baseline hours per week 14.040 8.487 18.175 9.151

w|paid job & w>0 20.370 15.440 24.877 16.488

Log(w|paid job & w>0) 2.746 2.457 2.936 2.531

L: Hours per week 29.129 23.319 30.643 22.120

L|paid job & L>0 39.008 36.737 38.366 33.162

Log(L|paid job & L>0) 3.607 3.526 3.571 3.344

Hours per week in all jobs 39.786 38.104 39.377 34.280

Paid job 0.781 0.700 0.824 0.709

Employed by Large Firm 0.851 0.825 0.849 0.794

Any Health Insurance 0.832 0.711 0.915 0.804

ESHI 0.656 0.357 0.736 0.314

<150%FPL† 0.197 0.311 0.134 0.311

150–300%FPL† 0.289 0.387 0.199 0.270

Age 40.088 37.556 40.467 38.548

Married 0.559 0.452 0.533 0.303

Female 0.507 0.515 0.513 0.502

FIRM SIZE CHANGES (before to after):

Large to small 0.056 0.145 0.065 0.201

Small to large 0.077 0.198 0.065 0.171

Notes:

Sample includes 18–64 population, interview months only (4th-reference months).

ESHI switchers reports individuals who switched ESHI status between at least one inteview month before reform and at least one interview month 
after reform.

MA indicates in MA in at least one interview month.
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Table 6

Results from Baseline Specification

(1) (2)

w L

Weekly earnings / baseline hours per week, 
including individuals without a paid job 

(wage=0)

Hours per week, including individuals without 
a paid job (hours=0)

MA* ESHI* After β1 −0.846*** ϒ1 −0.238

[−1.321, −0.277] [−0.917, 0.301]

MA* ESHI* During β1
d −0.745*** ϒ1

d −1.743***

[−1.036, −0.346] [−2.201, −1.331]

MA* ESHI β8 1.128*** ϒ8 1.053***

[0.717, 1.418] [0.404, 1.383]

MA* After β11 1.728*** ϒ11 1.559***

[1.297, 1.993] [1.085, 2.028]

MA* During β11
d 1.191*** ϒ11

d 2.433***

[0.856, 1.360] [2.092, 2.723]

ESHI* After β12 −0.298 ϒ12 −0.611**

[−0.790, 0.170] [−0.942, −0.108]

ESHI* During β12
d −0.380** ϒ12

d −0.494***

[−0.667, −0.098] [−0.695, −0.231]

ESHI β19 3.672*** ϒ19 6.416***

[3.286, 3.872] [5.939, 6.703]

After β22 0.629*** ϒ22 0.314

[0.226, 0.928] [−0.189, 0.721]

During β22
d 0.514*** ϒ22

d 0.302**

[0.314, 0.722] [0.045, 0.517]

Observations 543,630 499,828

R-squared 0.738 0.805

***p<0.01,

**p<0.05,

*p<0.1, 95% confidence intervals reported; CIs block bootstrapped by state.

Including full 18–64 population.

Only includes interview months.

Individual and state fixed effects included. Monthly weights used.
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Table 8

Calibrated Sufficient Statistics

Calibrated Sufficient Statistics Calibrated Values with Wages and Hours

s 0.190

d −0.380

b d(LF − LA) − (wF − wA)

ρ

α + λ − μx

ESHIAfter 0.74

b/τ 1

DWLm

DWLm/DWLτ
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