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wage premium  increased from 47 percent in 1977 to 90 percent in 

2019. This 90 percent college wage premium exceeds that of other countries 
for which comparable data are available, including the United Kingdom 

Over the same time period, real premiums for employer-provided health 
insurance in the United States have also risen substantially, fueled by rising 

to about $12,000 in 2019. At the same time, health care spending as a share 
of GDP has risen from 7.7 to 16.8 percent. As a result of these trends in 
health insurance premiums and in earnings, health insurance premiums as 
a fraction of labor market earnings increased between 1977 and 2019 from 
6 percent of noncollege earnings to almost 25 percent, and from 4 percent 
of college earnings to 12 percent.
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care spending as a share of GDP and an increase in labor market inequality, 

as a share of GDP in the United States rose from about 8.2 percent of GDP 
in 1980 to 16.8 percent in 2019. At the same time, on average across the 
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7. Estimating the college premium for all OECD countries over this period is beyond the 

that most other OECD countries experienced much smaller increases in the college premium 
over the past few decades. Despite having college premiums closer to the United States in 1980, 
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Online Appendix to

“The Health Wedge and Labor Market Inequality”

A Data and Calibration

A.1 Data on international health spending and educational outcomes

Data for Figure 5 is constructed as follows: Panel A data from OECD Global Health Expenditure “Health

expenditures and statistics.” Panel B data 2010-2019 for all countries from OECD Education Statistics

“Education at a Glance 2019” for the population of full-year, full-time workers aged 25-64 . Panel B data

for EU member countries 2003-2009 from EU-SILC . Panel B data for United States 1977-2010 from the

Current Population Survey (Flood et al. (2021)). Panel B data for Canada 1977-2005 from Brzozowski et al.

(2010). Panel B data for Italy 1987-2002 from Jappelli and Pistaferri (2010). Panel B data for Sweden

1975-2002 from Domeij and Floden (2010). Panel B data for Germany 1983-2004 from Fuchs-Schuendeln

et al. (2010). Panel B data for the United Kingdom 1978-2004 from Blundell and Etheridge (2010). United

Kingdom college wage premium data pre-2005 are for men only. For all countries and years, we use wages

of “some college” workers in the college wage premium when the wages of “B.A. or more” workers are

unavailable.

A.2 Calibrating Key Parameters

We can use the observed health insurance premium and wages and participation rates for each group in what

we assume to be the head tax equilibrium to solve for the key model parameters: the productivity shifters λC

and λN and the parameters κ and κ , which govern the distribution of reservation wages and thus the shape

of the labor supply function.

Specifically, given per-worker costs ωg, the firm chooses group-specific labor inputs to maximize:

(A.1) maxLN ,LC

(
λNLρ

N +λCLρ

C

)1/ρ −ωNLN−ωCLC.

Under the head tax, the cost per worker is ωg = wg + τ. Plugging this into the first order conditions for the

firm’s maximization problem yields:

ω
H
g = wH

g + τ = λgLρ−1
g
(
λNLρ

N +λCLρ

C

) 1−ρ

ρ

Given we observe employment and wages for both groups in (what we assume to be) the head tax equilibrium

as well as τ , we can solve the firm’s maximization problem for the the productivity shifters λC and λN .

Specifically, by combining the equations for ωH
C and ωH

N , we can express λN as a function of λC. Plugging

this back in and and re-arranging yields a solution for λC:

λN =

(
wN + τ

wC + τ

)
·
(

LN

LC

)1−ρ

·λC

1



λC =

(wc + τ) · (LC)
1−ρ ·

((
wN + τ

wC + τ

)
·
(

LN

LC

)1−ρ

· (LN)
ρ +(LC)

ρ

)1/ρ
ρ

.

Next, we can solve for the slope of the labor supply function in equation (2), which gives the share of agents

that choose to work as:

PH
g =

(wH
g +αgτ)−κ

κ−κ

We identify the the slope of the labor supply 1
(κ−κ) by using labor force participation rates for both groups

Pg and the assumption that both groups have the same distribution of reservation wages. Specifically, the

difference in participation rates between college and non-college groups is proportional to the difference in

wages plus the difference in amenity value of health insurance in our model. We can solve for (κ−κ):

(PH
C −PH

N ) · (κ−κ) = (wH
C −wH

N )+(αC−αN) · τ

(κ−κ) =
(wH

C −wH
N )+(αC−αN)τ

PH
C −PH

N
.

Intuitively, for a given college wage premium, a bigger gap in labor force participation rates between college

and non-college individuals reveals that the inverse extensive margin labor supply curve is flatter, i.e., that

(κ − κ) is smaller, and therefore, that the labor supply slope 1
(κ−κ) is bigger.1 Note that the slope of the

labor supply function can be identified by making an assumption about the difference in the amenity-value

of health insurance relative to cash (αC−αN) without making assumptions about the exact values of αC or

αN . The group-specific amenity value αg matters only for pinning down the intercept in the labor supply

function. In the payroll counterfactual, we assume that this amenity value is the same for college and non-

college workers (αC = αN) and this is suffiicient to solve for the equilibrium. In the cost counterfactuals,

it is necessary to make an assumption about the group-specific amenity values since the value of τ varies.

This allows us to identify κ by subtracting the lower bound κ of reservation wages from the dispersion in

reservation wage parameters (κ −κ). Next, plugging the expression for (κ −κ) back in to the expression

for PH
g allows us to separately identify κ and then κ:

κ = (wH
g +αgτ)−PH

g · (κ−κ)

κ = (κ−κ)+κ.

Lastly, to estimate equilibrium values under a payroll tax in the cases where we make an assumption about

the difference in the amenity value for college and non-college workers (αC−αN) but do not make assump-

tions about the exact values of αC or αN , we use a modified version of the labor supply function that uses

1Note that identifying the slope of the labor supply curve from quantity differences relies on our simple model of inverse
labor demand. If labor demand were downward sloping and not just pinned down by technology Ag less the cost of providing
employee-provided-health insurance, then identifying these parameters would require different steps that relate equilibrium prices
and quantities to policy shocks (Zoutman et al. (2018)).
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the equilibrium values PH
g and wH

g under the head tax, the change in wages (wH
g −wH

g ), and the slope of the

supply curve (κ−κ) :

PP
g =

(wP
g +αgτ)−κ

κ−κ
= PH

g +
(wP

g −wH
g )

κ−κ

A.3 Estimating tax rate under each tax regime

A.3.1 Head Tax τ

Our benchmark model in Section 3 assumes that all full-time, full-year workers have covered by employer-

provided health insurance. When we calibrate the model in Section 4, we use as the effective head tax rate

(τ) the observed average health insurance premium (τobs) scaled down by the share θ of full-time, full-year

workers who are policyholders. We show here that this scaling can be derived from a simple model in which

all firms offer employer-provided health insurance but only a fraction θ of them take it up.2 To see this, let

τ = τ
obs ·θ .

To simplify the exposition, we continue with the assumption of a linear production technology (see equation

(1)). Therefore, once again we have equilibrium wages in the head tax regime wH
g = Ag− τ and in the

payroll tax regime wP
g =

Ag
1+t . Recall that on average workers pay about one-quarter of their health insurance

premiums, and that—presumably as a result—take-up is incomplete. To account for this incomplete take-

up, we allow for heterogeneity in the amenity value of health insurance. Specifically, for a worker in group

a worker in group g ∈ {N,C}, we assume their amenity-value αgi is αg with probability pg and αg with

probability (1− pg). We assume that αg and αg are such that αgi = αg implies the worker will take up

the insurance, and αgi = αg implies they will not. In practice, the lower amenity value could reflect that

workers have access to another source of health insurance, or have lower expected medical costs or are less

risk averse.

Once again, we normalize the utility from not working to zero; utility from working in the Head Tax

regime is now Ue
gi = wg +αgiτ− εi. An individual will work if and only if her utility from working exceeds

her utility from not working. The probability that an individual in group g ∈ {N,C} chooses to work in the

Head Tax Equilibrium can then be expressed as:

PH
g = pg ·

Ag +(αg−1)τ−κ

κ−κ
+(1− pg) ·

Ag +(αg−1)τ−κ

κ−κ
,

where the first term represents the employment rate of the share of workers with αgi = αg and the second

term represents the employment rate of the share of workers with αgi = αg. Note that the participation rates

of the two groups differ by
(αg−αg)·τ

κ−κ
. Intuitively, workers who place less value on the health insurance that

is part of their compensation are less likely to work. We define αg =
[
pg ·αg +(1− pg) ·αg

]
to represent

the average amenity value of health insurance in the entire population for type g ∈ {N,C}, which allows us

2We abstract from the fact that, in practice, θ is higher for college educated workers than non-college educated workers (Table
1). This would introduce a potential further source of inequality (redistribution from non-college educated workers to college
educated workers) from financing health insurance through the employer.
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to rewrite group-specific labor supply in the head tax equilibrium as a function that does not depend on the

parameter pg,

PH
g =

Ag +(αg−1)τ−κ

κ−κ
,

and is the same expression as in our benchmark model with full take-up. It immediately follows that the

comparison to outcomes in the payroll tax equilibrium therefore also remains the same

A.3.2 Payroll Tax t

Given the the parameters of the CES production function and labor supply equation, as well as an estimate

of the head tax τ, we can now solve for the equilibrium tax rate t under the payroll tax. Under the payroll

tax, a portion of a worker’s wage goes to the payroll tax so that the cost per worker is ωg = (1+ t) ·wg.

Plugging this into the first order conditions for the firm’s maximization problem in (A.1) yields:

ω
P
g = (1+ t) ·wP

g = λgLρ
g
(
λNLρ

N +λCLρ

C

) 1−ρ

ρ

We can also use the labor supply function in equation (2) to write equilibrium employment as a function of

wages:

PP
g = PH

g +
wP

g −wH
g

κ−κ

Lastly, equilibrium also requires solving for the payroll tax t, which can be expressed (see equation (5)):

t =
τ

w̃− τ

where w̃ is the average wage under the payroll tax, and thus equal to w̃ = LN
LN+LC

·wN + LC
LN+LC

·wC, where

employment and wages are determined in the payroll tax equilibrium. Together, this gives us five equations

for the five unknowns, allowing us to solve for wages and labor supply of each group as well as the payroll

tax using a nonlinear equation solver.
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Figure A.1: Alternative Measures of Employer Costs (per hour) of Health Insurance
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Notes: This figure compares two estimates of the hourly employer cost of health insurance per full-time, full-year employee. Red
series shows an adjusted estimate from the BLS’ hourly Employer Cost for Employee Compensation (ECEC) series. The ECEC
reports the estimated hourly employer cost ofr employee compensation each quarter, including the cost of health benefits to the
employer. Private industry ECEC estimates are a weighted average of the cost of health insurance for all workers, including part-
time workers and those who do not take up insurance despite eligibility. These estimates are weighted by current employment, so
year-to-year changes reflect differences in employment and industry composition as well as changes in the cost of health insurance
itself. To more directly compare the ECEC estimates to the MEPS estimates, we divide the ECEC estimates each year by the share
of the population who are full-time, full-year workers in that year. Blue series shows an adjusted estimate from the MEPS series
used in the main text. Specifically, to more easily compare the MEPS data to the BLS’s ECEC estimates, we use the annual MEPS
employer contribution series divided by 2,000 (assuming a full-time, full-year employee works 40 hours per week for 50 weeks a
year). This provides an estimate of the hourly cost of the MEPS employer contribution. Like the ECEC series, the MEPS series is
based on private sector employee compensation.
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Figure A.2: College Wage Premia
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NOTES: This figure shows college wage premia for the full set of of OECD countries. A version with fewer countries is found in

Figure 5.
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B Broaden Definition of College-educated Workers To Include Those With
Some College

We reproduce our main analyses using an alternative definition of college-educated worked which includes

workers with some college in the definition of college-educated; by contrast, in our baseline definition these

workers are included in the group without a college degree, while the college-educated category requires a

bachelor’s degree or higher. Figure A.3 shows trends in labor market outcomes (the analog of Figure 2) for

this alternative definition, and Table A.1 shows summary statistics (the analog of Table 1) for this alternative

definition. Tables A.2 and A.3 show, under this alternative definition of college educated workers, coun-

terfactual labor market outcomes in 2019 and counterfactual changes over time in labor market outcomes

under a payroll tax.

Figure A.3: Labor Market Outcomes, By Education
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NOTES: This figure replicates Figure 2, but defines college-educated such that the individual has attended at least some college.
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Table A.1: Summary Statistics for FTFY Workers Ages 25-64 with Some College or More (2019)

Panel A: Labor Market Outcomes
Total College Non-College

Employment Rate (Pg) 0.672 0.725 0.576
Avg. Annual Earnings (wg) $70,333 $81,381 $45,057

Panel B: Health Insurance Coverage
Employer-Sponsored 0.802 0.859 0.670

Policyholder 0.659 0.706 0.554
Dependent 0.140 0.153 0.112

Other Private 0.062 0.059 0.067
Public 0.072 0.051 0.122
None 0.084 0.048 0.166

Panel C: Offering and Take-up
Offered Employer-Sponsored Health Insurance 0.830 0.872 0.733

Take-up | Offered 0.794 0.809 0.755

Notes: This table replicates the results in Table 1, but defines college such that the individual attended at least some college.

Table A.2: 2019 Labor Market Effects of Counterfactual Payroll Tax Financing (Some College or More)

(1)
Baseline

(2)
Full Coverage

Fixed Per Worker Cost, τ: $7,758 $11,764

Payroll Tax Rate, t: 11.05% 16.78%

Wages:
Change in College Wage, ∆(wC) -$914 -$1,325
Change in Non-college Wage, ∆(wN) $2,046 $2,937
Pct. Change in College Wage Premium -12.14% -17.14%

Employment:
Change in College Employment Rate, ∆(PC) -0.37 pp -0.54 pp
Change in Non-college Employment Rate, ∆(PN) 0.84 pp 1.20 pp

Change in Total Employment, ∆(L) 85,696 117,755
Change in College Employment, ∆(LC) -371,593 -538,730
Change in Non-college Employment, ∆(LN) 457,288 656,486

Wage Bill:
Change in College Share of Wage Bill, ∆( wCLC

wNLN+wCLC
): -1.21 pp -1.75 pp

Notes: This table replicates the results in Table 3, but defines college such that the individual attended at least some college.
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Table A.3: Changes over Time: Labor Market Effects of Counterfactual Payroll Tax Financing, 1977-2019 (Some College or More)

Payroll Tax Equilibrium

Head Tax
Equilibrium

Baseline Full Coverage

Employer-Sponsored Health Insurance:
Change in Cost (τ2019− τ1977) - $5,937 $9,003
Payroll Tax (t2019− t1977) - 7.16 pp 10.87 pp

Wages:
Change in College Wages wC,2019−wC,1977 $25,111 $24,434 $24,139
Change in Non-college Wages wN,2019−wN,1977 $4,233 $6,134 $6,955
PP Change in College Wage Premium 42.78 pp 34.06 pp 30.55 pp

Employment Rate:
Change in College Employment Rate PC,2019−PC,1977 6.47 pp 6.34 pp 6.28 pp
Change in Non-college Employment Rate PN,2019−PN,1977 7.08 pp 7.77 pp 8.06 pp

Wage Bill:
College Share of the Wage Bill 34.49 pp 33.63 pp 33.27 pp(

wCLC
wNLN+wCLC

)
2019
−
(

wCLC
wNLN+wCLC

)
1977

Notes: This table replicates the results in Table 5, but defines college such that the individual attended at least some college.

Table A.4: 2019 Labor Market Effects of Counterfactual Payroll Tax Financing, by Sex

Baseline Aggregate Male Female

Fixed Per Worker Cost, τ: $7,758 $7,758 - -

Payroll Tax Rate, t: 11.06% 11.07% - -

Wages:
Change in College Wage, ∆(wC) -$2,181 -$2,227 -$3,731 -$632
Change in Non-college Wage, ∆(wN) $1,660 $1,601 $1,085 $2,412
Pct. Change in College Wage Premium, %∆(wC/wN−1) -11.26% -11.14% - -

Employment Rate:
Change in College Employment Rate, ∆(PC) -0.69 pp -0.56 pp -0.90 pp -0.29 pp
Change in Non-college Employment Rate, ∆(PN) 0.52 pp 0.68 pp 0.26 pp 1.10 pp

Change in Total Employment, ∆(L) 86,833 305,099 -116,362 421,461
Change in College Employment, ∆(LC) -408,588 -334,349 -240,678 -93,671
Change in Non-college Employment, ∆(LN) 495,420 639,448 124,316 515,132

Wage Bill:
Change in College Share of Wage Bill, ∆( wCLC

wNLN+wCLC
): -1.77 pp -1.77 pp - -
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Table A.5: Changes over Time: Labor Market Effects of Counterfactual Payroll Tax Financing, 1977-2019, for Males

Payroll Tax Equilibrium

Head Tax
Equilibrium

Baseline Full Coverage

Employer-Sponsored Health Insurance:
Change in Cost (τ2019− τ1977) - $5,937 $9,003
Payroll Tax (t2019− t1977) - 7.16 pp 10.88 pp

Wages:
Change in College Wages wC,2019−wC,1977 $41,406 $38,398 $37,083
Change in Non-college Wages wN,2019−wN,1977 $5,184 $6,466 $7,032

Employment Rate:
Change in College Employment Rate PC,2019−PC,1977 -1.14 pp -1.67 pp -1.89 pp
Change in Non-college Employment Rate PN,2019−PN,1977 -4.28 pp -3.92 pp -3.76 pp

Table A.6: Changes over Time: Labor Market Effects of Counterfactual Payroll Tax Financing, 1977-2019, for Females

Payroll Tax Equilibrium

Head Tax
Equilibrium

Baseline Full Coverage

Employer-Sponsored Health Insurance:
Change in Cost (τ2019− τ1977) - $5,937 $9,003
Payroll Tax (t2019− t1977) - 7.16 pp 10.88 pp

Wages:
Change in College Wages wC,2019−wC,1977 $37,551 $36,645 $36,223
Change in Non-college Wages wN,2019−wN,1977 $13,911 $15,695 $16,442

Employment Rate:
Change in College Employment Rate PC,2019−PC,1977 19.16 pp 18.56 pp 18.27 pp
Change in Non-college Employment Rate PN,2019−PN,1977 17.80 pp 18.18 pp 18.31 pp

10


	fmzz_brookings_online_appendix.pdf
	Data and Calibration
	Data on international health spending and educational outcomes
	Calibrating Key Parameters
	Estimating tax rate under each tax regime 
	Head Tax 
	Payroll Tax t


	Broaden Definition of College-educated Workers To Include Those With Some College


