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1 Introduction

How can governments use taxes and transfers to advance health equity? Designing an equitable and
efficient health care system has become increasingly important in light of rising health inequality:
low-income individuals have poorer health, shorter lives, and have benefited less from technological
progress in medicine than high-income individuals (Chetty et. al. 2016). In this paper, we consider
the design of optimal taxes and transfers, focusing on the role of public health insurance as a policy
tool for redistribution and under a generalized notion of equity that incorporates individual’s health
into their consumption utility.

Tax policy and health insurance policy are treated independently in the literature and in the
policy debate. In the context of tax policy, the value of transfers across income groups is rooted
in the idea that individuals with low incomes have a high marginal utility of consumption. The
individual’s marginal utility of consumption, however, is affected by their health, and a transfer to
a sick individual would be deemed less valuable than a transfer to a healthy individual absent some
social preferences. In the context of health insurance policy, the value of transfers across health
states is rooted in the idea that risk averse individuals want to equate their utility across states,
and transfers to sick individuals are valuable because they provide a monetary compensation for
their health misfortune. Both policies entail some form of redistribution. We aim to bridge the
gap between these two seemingly disjoint literatures by considering taxes and (health insurance)
transfers jointly. We do so in a framework with social preferences that rationalize transfers to
poorest and sickest individuals in society: the existence of public health insurance, recurrence of
health care topics in the policy debates across the globe, and survey evidence from Stantcheva
(2020) all suggest that health equity is an important component of social preferences.

When social preferences include advancing health equity, using both health insurance and taxes
as a means of redistribution dominates using the income tax alone because medical spending is
more informative about an individual’s health than income alone. In this paper, we focus on the
policy instruments most used by governments over the world; we treat insurance as a subsidy to
health care consumption and derive the optimal linear tax and health care subsidy, jointly. We
derive sufficient statistics formulas for the generosity of public health insurance, as well as the
income eligibility threshold for the health insurance safety net (e.g. a subgroup of individuals with
more generous insurance). Our formulas nest the standard optimal tax formulas, but when we
incorporate the notion of health disparities, the optimal linear tax rate is higher than before. This is
because there is a negative correlation between income and health state, resulting in a lower average
marginal social welfare weight than in the standard model.

We then estimate the optimal policy for a planner whose welfare weights are inversely propor-
tional to income and health, as well as a series of alternative welfare objectives. The optimal policy
involves a trade-off between the fiscal externality of the policy against the welfare benefits it may
provide, and the sufficient statistics approach involves calculating labor supply elasticities for the
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former, and structural assumptions combined with data on consumption for the latter. Our approach
looks almost identical; we estimate elasticities of medical spending with respect to health insurance
by socioeconomic status using data from the RAND Health Insurance experiment, which consisted
of a large-scale field experiment in the 1970s that randomly assigned individuals to heterogeneously
generous health insurance plans. We find that low income individuals are less responsive to health
insurance incentives than high income individuals. For welfare, we make structural assumptions
following the health capital literature and estimate measures of Quality of Life following Cutler et.
al. (2022) and Cutler and Richardson (1999). Consistent with the health inequality literature, we
find that high income individuals enjoy better self-reported health and have lower risk factors that
likely lead to expensive hospitalizations (Wadhera et. al. 2020).

We combine these two empirical objects to characterize the optimal health insurance and tax
policy in our sufficient statistics formulas, which are derived from the standard Saez (2001) model
that is generalized in Saez and Stantcheva (2016). Our setting closely mirrors a Mirrlees (1971)
framework where individuals differ in their health capital, instead of ability. We allow for the possi-
bility that the individuals health affects their costs of labor supply, as well are their marginal utility
of medical spending, and leverage the individuals optimization decisions to arrive at our optimal
policy formulas. We put structure on individuals utilities by bringing in a Grossman (1972) model
of health capital, where medical spending affects an individuals quality of life (QoL) and survival
probability. This specification allows for two individuals with the same income and consumption
bundle to have different utilities, both in the static sense and in their present discounted lifetime
utility.

Health Inequality and Public Health Insurance

All else equal, a healthy individual may enjoy the opera more than an equally wealthy individual
with asthma, and the individual with asthma may have less years of life to derive consumption
value from their income. The so-called ‘gradient of health and wealth’ has been a well documented
phenomenon in the literature. For instance, the individuals at the bottom of the income distribution
are more likely to get hospitalized (Wadhera et al. 2020), have higher rates of smoking and obesity
that result in other further complications and care expenditures (Chetty et al. 2016), and more likely
to suffer from severe mental health conditions (Shields-Zeeman and Smit, 2022). In Chetty et al.
(2016), the authors document striking disparities in life expectancy across the income distribution,
and they find that these disparities have only gotten larger over time.

Figure 1 showcases the (static) health disparities that exist along the socioeconomic gradient.
The horizontal axis contains income deciles and the vertical axis contains a QoL measure, estimated
following the literature on cost-benefit analysis in health that estimates Quality Adjusted Life Years
(QALYs). The dependent variable is a health metric scaled between zero and one that comes from
survey data in which individuals rate their health on a scale from one to five. The self-reported
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health was regressed on a large vector of health conditions, age, and demographic variables, and the
predicted self-reported health values are displayed below. The disparities are evident: conditional
on having below the median medical spending, disparities in QoL along the income distribution are
relatively small. Among high medical spending individuals, however, the disparities in QoL are
much larger: the average self-reported health of individuals in the top income decile report is 20
percent greater than the average self-reported health of individuals in the bottom decile. Beyond
disparities in QoL, there are significant disparities in life expectancy across the rich and the poor:
women in the top 1% live 10.1 years more than the bottom 1%, and the gap is 14.6 years for men
(Chetty et. al., 2016).

Note: Medical spending classification is based on whether the individual is above or below
the median medical spending within income decile. Vertical lines show 95% CIs.

Figure 1: Quality of Life Disparities by Income

These disparities in health are our primary motivation for studying optimal health insurance
policy and taxes for a social objective that aims to achieve greater health equity. Figure 1 clearly
depicts the sense in which medical spending in a “tag” for health. Individuals with low medical
spending are relatively healthy, which implies that consumption differences from differential in-
comes is the primary source of inequality among these individuals. The story among individuals
with high medical spending, however, is very different. Consider giving an individual from the bot-
tom income decile a cash transfer large enough to put her in the top income decile. The expected
QoL of this individual would still lie below that of an equally wealthy individual in good health.
Subsidizing the medical spending of a low income individual would be better targeted than the cash
transfer alone.

In other words, there is a redistributive role for health insurance (when equity concerns include
health and income), relative to the income tax alone. When the government is free to implement a
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nonlinear income tax schedule and has redistributive preferences over income alone, it can achieve
second-best redistribution using only the income tax schedule, and optimal insurance is determined
solely by the tradeoff between risk protection and moral hazard. This is a special case of the well-
known seminal result due to Atkinson and Stiglitz (1976) on indirect taxation. However, when the
government has redistributive preferences over individual characteristics other than income (e.g.
health), the solution to the social planner’s problem involves using both insurance and taxes as
instruments for redistribution.

We also consider the role of constraints on the government’s ability to set policy. The linear
case we consider here attempts to capture the specific policy features that are characteristic of
health insurance policy in the US and other developed nations, such as France, Italy, Germany,
Australia, and Japan.1 Mainly, we focus on health insurance policies that subsidize a share of an
individuals medical bill, and on subsidies that vary only along a binary income dimension: high
or low income. The policy instruments with regards to health insurance are three: the subsidy for
the rich, the subsidy for the poor, and the income threshold below which the planner designates
an individual to be low income. While such a policy may seem overly restrictive or simple, it is
surprisingly common across the world.

Table 1 below shows the different types of health insurance policies for different countries.
Health insurance subsidies also may along other dimensions, such as the health state of an individ-
ual, or age group, but income is seems to be the most common.

Related Literature

A vast literature on optimal taxation has studied taxes and transfers under redistributive concerns
on income, and a separate literature on health inequality has established the fact that large health
disparities exist (and prevail) along the socioeconomic gradient. We view our contribution as bridg-
ing the gap between these two literatures by generalizing the formulas from optimal tax theory to
incorporate the notion of health equity. Concerns for health equity can be directly nested in the
generalized marginal social welfare weights approach proposed by Saez and Stantcheva (2016).
We build upon the framework in Saez and Stantcheva (2016), Saez (2001).

Our paper is also related to recent empirical work examining the value of the insurance pro-
vided through programs such as Medicaid (Finkelstein, Hendren and Luttmer, 2019) and the ACA
exchanges (Finkelstein, Hendren and Shepard, 2019). These papers estimate the average value of
health insurance policy to program beneficiaries, in the form of willingness to pay for insurance,

1Our objectives with the theory are not to characterize the second-best optimal non-linear health insurance contract
(as in Blomqvist 1997), nor is it designed to characterize the optimal joint non-linear tax and health insurance schedules.
To characterize such schedules would involve a more theoretical approach that distances us from our empirical setting,
and thus we leave for future work. We characterize rather simple linear subsidies and taxes that resemble those used in
the real world.
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Health Insurance Safety Nets

Country
For Low Income

Individuals
For Sicker
Individuals

For Children,
Elderly, or Mothers

Australia
Canada

Denmark T C
England† D, CC

France
Germany, C

Israel† C
Italy D & CC
Japan CC

Netherlands D & CC C
New Zealand

Norway C
Singapore
Sweden C & E

Switzerland C & M
Taiwan

Unites States D & CC C, M, & E
D=disabled, CC=chronic condition, T=terminally ill, C=children, E=elderly, M=mothers.
†: England and Israel have national public insurance for all, though some services require
a copay or coinsurance. These countries further subsidize care for low income individuals.
Source: The Commonwealth Fund.

Table 1: Public Health Insurance Across Countries

and conclude that the costs of these programs exceed the benefits. But willingness to pay measures
are a function of the budget constraint of individuals, and may lead to a very different valuation
of public insurance program, relative to a Grossman-type measure of health capital. In this paper,
we propose a different, yet complementary approach to these papers by leveraging the correlational
structure of health capital and socioeconomic status for welfare analysis.

The paper proceeds as follows. In section 2, we present model of redistributive health insurance
based on common health insurance policies used around the globe. We derive sufficient statistics
formulas for optimal policy and highlight the three components needed in order to calibrate the
policy: elasticities, joint distribution of income, spending, and health, and the redistributive pref-
erences of the planner. In section 3, we estimate the demand elasticities of medical spending with
respect to the out-of-pocket price, recovering heterogeneous behavioral responses to health insur-
ance subsidies by income using the RAND experimental data. We also describe the empirical joint
distribution of income, medical spending, and health, using data from the Medical Expenditure
Panel Survey. In section 4, we simulate the optimal policy for a planner whose welfare weights
are inversely proportional to health under our main specification. We also simulate the optimal
policy under alternative social welfare weight specifications, including Rawlsian and inversely pro-
portional to income weights. In section 5, we conclude.
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2 A Model for Redistributive Health Insurance

We consider a Mirrlees framework in which individuals differ in their underlying level of health,
instead of ability, and jointly characterize the optimal health insurance policy and tax schedule for
a social planner with a general redistributive objective. Our primary objective with the theory is
to derive sufficient statistics formulas that can help inform the design public health policy, guide
the direction of policy reforms, and shed light on the redistributive preferences that lie underneath
public health insurance programs. The key difference between our model and standard optimal
tax models is that we incorporate the notion of health capital into individual utilities. Following
the Grossman model of health capital, health affects individual utility in three ways: consumption,
quality of life (QoL), and life expectancy (LE).

To build some intuition around how health affects utilities (and welfare), consider a healthy
versus a sick individual. The sick individual may incur higher medical expenses than the healthy
individual; holding all else equal, the sick individual will have a lower level of disposable income
remaining for consumption. Now suppose that health insurance could cover medical expenses so
as to equalize the level of consumption across the two individuals. If these two individuals had
identical consumption bundles, consisting of only opera plays and food, the sick individual may
not enjoy the opera play as much as the healthy individual just by virtue of being sick. The key
distinction between health and preferences is that, in the counterfactual scenario of perfect health,
the sick individual would enjoy the opera just as much as the healthy individual. The differences
in utility from going to the opera thus cannot be ascribed to differences preferences. Rather, health
captures the state-dependent nature of utility. The concept of Quality of life (QoL) attempts to
capture these differences in utility by scaling down the utility level of the sick individual.

Now further suppose there existed a medical technology (e.g. an inhaler that alleviates the
symptoms of asthma), covered by insurance, so that both individuals have the same consumption
and quality of life. The sick individual may live a shorter life than the healthy individual, which
means that their net present value of life-time utility will be lower than that of the healthy individ-
ual. This is entirely because the healthy individual will have more periods to derive positive utility.
Therefore, even if health insurance and medical technology could equalize the flow utility of indi-
viduals every period, life expectancy (LE) will capture differences in aggregate life-time utility by
telling us how long a sick individual might expect to live, relative to a healthy individual.

In our model, individuals choose consumption, medical spending, and their labor supply to
maximize utility, which is affected by their health capital. Consumption and medical spending will
therefore encode information about an individual’s underlying health condition, which is private
information and unknown to the social planner. The income tax and medical spending subsidy
leverage the encoded information about the unobserved type in these (optimal) choices.2 To the

2This implies that individuals accurately trade-off quality of life or life expectancy gains when choosing their
spending, which may not fully capture the behavioral aspect of healthcare decisions. Nonetheless, our approach serves
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extent that health insurance can affect quality of life or life expectancy across the socioeconomic
gradient, the role of health insurance as a policy instrument for equity becomes apparent. In our
model, however, individual optimization “envelopes away” this channel.3 Nonetheless, the redis-
tributive role of insurance leverages the relationship between health, medical spending, and income.

Model

Consider a social planner with a redistributive objective that provides public health insurance for
its citizens, financed through taxes. Following Saez and Stantcheva (2016), we consider the case of
a planner with generalized social marginal welfare weights, which represent the value that society
puts on giving an individual an additional dollar of consumption. Formally, suppose the planner
cares about each individual i according to a generalized marginal social weight gi, and sets policy
to maximize the weighted average of individual utilities. The planner can affect the utility of indi-
viduals, Ui through public insurance, which partially finances medical expenditures for individuals
in different income groups. The planner faces a budget constraint in which aggregate subsidies to
medical expenditures must equal aggregate tax revenues.

Denote a particular policy by P , where P consists of an income tax schedule and a health insur-
ance schedule. Suppose the government assigns welfare weights to individuals based on observable
characteristics of individuals valued by society, such as health state and income. Suppose that the
welfare weights are defined over characteristics of individuals i at the optimal policy, P . That is,
while the characteristics of individuals may be endogenous to the policy, (e.g. health state may be a
function of health insurance), the social welfare weights are fixed, and defined at a particular vector
of individual characteristics that correspond to the equilibrium values at the optimal policy, P .

The government sets policy by maximizing an aggregate objective of individual’s money-metric
utility, weighted by a particular set of social welfare weights. Denoting an individual by i, their
health by Hi, and their income by zi, the government chooses a policy P optimally to maximize
the following welfare objective:

W (P̃ |P ) =

∫
i

gi(Hi, zi|P )Ui(P̃ )di, (1)

where P̃ is an arbitrary policy, gi(Hi, zi|P ) the generalized marginal social welfare weight assigned
to individual i at the optimal policy P , and Ui(P̃ ) the money-metric utility of individual i at any
arbitrary policy P̃ .

as a starting point for optimal insurance design, and more closely follows the standards in the tax literature. We leave
behavioral considerations open for future work.

3One could incorporate the behavioral aspects of medical decision making by following the approach in Cutler et.
al. (2022), which empirically estimates the value of healthcare while allowing for the possibility that medical spending
decisions may not reflect optimal choices.
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Shape of the policy: Suppose that (for reasons outside of the model) the government can only
choose policies of the form: Pt = (τ, R, ẑ, sL, sH), where τ denotes a linear payroll tax, R denotes
the demogrant, ẑ denotes an income-based eligibility threshold below which individuals receive
the “safety net” health care subsidy, sL denotes the health care subsidy for low income individuals
(with incomes below ẑ, and sH denotes the health care subsidy for the remaining citizens.

T (zi) = τzi︸︷︷︸
linear

income tax

+ R︸︷︷︸
lump-sum
transfer/tax

s(mi, zi) =



(1− sL)︸ ︷︷ ︸
coinsurance
for the poor

mi , zi ≤ ẑ︸︷︷︸
Medicaid
eligibility
threshold

(1− sH)︸ ︷︷ ︸
coinsurance

for everyone else

mi , otherwise,

where we assume that the health insurance subsidy is greater for the poor, sL ≥ sH , and that
τ, sH , sL ∈ [0, 1]. The optimal policy thus consists of a quintuple (τ, R, sL, sH , ẑ) that maximize
the social objective stated in (1), subject to the budget constraint that total tax revenues must be
greater than or equal to total health care subsidies.

We consider policies of this form because they correspond closely to our empirical setting of
US health insurance, and to other countries as shown in Table 1. The question of why the US
Congress or other governments across the globe chose this particular structure for the policy for
health insurance is beyond the scope of the model, but we could allude political economy reasons or
administration costs that make such a policy appealing. More generous health insurance subsidies
for the poor, for instance, has been a major subject of political campaigns since the beginnings
of Medicare in the 1970’s. Health insurance billing and reimbursement is notoriously costly to
administer (Dunn et al., 2021), and perhaps adding layers of complexity (e.g. insurance that varies
with income more granularly) would be undesirably costly. On the tax side, a flat tax with a lump
sum transfer has the advantage of greatly simplifying the optimization problem, and it could be
considered weakly optimal in the sense that it can approximate the optimal non-linear tax schedule
(Mankiw et al. 2009; Diamond 1998).

We take as given that the government finances health insurance through a linear payroll tax, as
Medicare does. Our model accounts for the fact that taxes directly affect incentives for labor sup-
ply. However, in the interest of tractability, we abstract away from the consideration that generous
health insurance subsidies also may affect labor supply. An empirical literature has investigated the
question on whether generous health insurance subsidies significantly reduce incentives to work,
and, while evidence is mixed, the broad conclusion is that labor supply responses to health insur-
ance are small and negative (Kaestner et al. 2017, Kucko et al. 2017, Buchmueller et al. 2019,
Dague et al. 2017, Garthwaite et al. 2014). Further, we abstract away from the consideration that
taxes directly affect medical spending decisions; this is because we consider local perturbations to
the tax schedule which result in marginal effects on income that do not have first order effects on
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medical spending.

Individuals and Information: Consider a population of individuals indexed by i, where population
size is normalized to one. Individuals in society differ in how healthy or sick they are, and their
health state affects utility in three ways: sicker individuals may incur larger medical expenses,
they may derive lower marginal utility from consumption (Finklestein et al., 2013), or they may
life shorter lives. The health state of an individual i at time t is fully captured by their type, θit.
The individual’s type represents his health state or wellbeing, and it fully determines how much an
individual benefits from medical spending.

Individuals know their type θit and make decisions about medical spending, consumption, and
labor supply, based on their type. An individual’s type is private information and not directly
observed by the government, but the government can observe an individual’s level of income, their
medical expenditures, and some health-metric characteristics (e.g. chronic conditions, disability
status, kidney failure diagnosis) that are correlated to their type θit.

Utility and Health Capital: Suppose individual i of age at at time t derives utility from consumption
cit and incurs disutility from earning income vi(zit) ≥ 0. The flow utility of the individual is scaled
by their health state, Hit ∈ (0, 1], where zero corresponds to death and one corresponds to perfect
health. Suppose that the health stateHit depends on the individual’s medical spending in that period
mit, their type θit, and their age at. Let the value function of individual i at time t be the sum of
their flow utility at time t plus their expected continuation value,

Vi,t = u(cit − vi(zit))Hit(mit, ait, θit) + EVi,t+1(mit)

where u(·) is increasing, concave, and common function to all individuals. Suppose that the con-
tinuation value is their net present value of future life-time utility, which depends on their future
health state, their future flow utility, their discount rate, r, and the survival probabilities S(t + k|·)
across all future periods t+ k for k ≥ 1.

Time independence: Assume there are no savings. Individuals choose labor supply and medical
spending every period to maximize their utility, and consume the entirety of their income (net of
medical spending) each period. Assume that the expected survival probability at time t for any
arbitrary future period depends on only on current medical spending mit and age. Assume that
individuals expect to remain in the same state as in the current period until the end of their life, so
that Hi,t+k = Hit for all k ≥ 1.

EVi,t+1 =
∞∑
k=1

(
1

1 + r

)t+k
u(ci,t+k − vi(zi,t+k))S(t+ k|ai,t+k,mit)Hit(mit, ait, θit)

Distribution of income, medical spending, and consumption: Suppose that the distribution of θi
is such that income zi is distributed according to Fz(zi) over the support zi ∈ [0, Z], and that
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medical spending mi is correlated to zi, so that there is a joint density Fzm(mi|zi) over the support
mi ∈ M. Given an income zi and medical spending mi, and the policy P = (T, s), individual i
faces the budget constraint,

ci + (1− s(zi))mi ≥ (1− τ)zi +R.

Since the marginal utility of consumption is positive, the individual’s budget constraint always
holds with equality, and individuals choose (mi, zi) according to −(1 − s(zi))uc + um = 0 and
(1− τ) + uz = 0, respectively.

Aggregate budget constraint: Any optimal policy P must satisfy the resource constraint in order for
the policy to be feasible. Suppose the government only has tax revenues to finance health insurance
subsidies (sL, sH). Given our particular policy form, the aggregate budget constraint at an arbitrary
policy P̃ is given by,

B(P̃ ) =

ẑ∫
0

∫
mi∈M|zi

s̃Lmi dFzm(mi|zi)dFz(zi) +

Z∫
ẑ

∫
mi∈M|zi

s̃Hmi dFzm(mi|zi)dFz(zi)

︸ ︷︷ ︸
aggregate medical expenditures

−R̃+

(
τ̃

∫ Z

0

zidFz(zi)

)
︸ ︷︷ ︸

aggregate tax revenue

.

As usual, the planner trades off the marginal welfare gains of providing insurance and transfers
against the fiscal externality of such policies. At the optimal policy, the marginal welfare gains
are exactly equal to the fiscal costs, which means that there are no (local) Pareto improving re-
forms at the optimal policy. To provide some intuition around the trade-off, consider the following
thought experiment. Consider a policy reform that lowers the Medicaid health insurance subsidy,
sL, while holding all other policy instruments fixed. In particular, consider a reform that lowers
the Medicaid subsidy from 100% to 75%, so that Medicaid individuals now have to pay 25% of
their healthcare costs. On the welfare side, making insurance less generous presumably would
decrease the utility of the Medicaid beneficiaries, but it would not directly affect the utility of the
non-Medicaid beneficiaries. On the financing side, reducing the Medicaid health insurance subsidy
relaxes the government’s budget constraint. Reducing expenditures allows the government to redis-
tribute excess tax revenues through the lump sum rebate R. If the original policy was optimal, this
reform cannot be welfare enhancing. That is, the weighted aggregate utility loss for the Medicaid
beneficiaries must be greater than the aggregate budget savings generated by such a policy reform.

If we denote the current policy by P = (sL, sH , ẑ, τ, R) and the reformed policy by P ′ =

(s′L, sH , ẑ, τ, R), the aggregate welfare loss of such a policy reform is given by W (P ′)−W (P ) =∫
i
gi · (Ui(P

′) − Ui(P ))di. In our thought experiment, the utility of non-Medicaid individuals
remains the same under such a policy reform, which implies that the change in welfare for these
individuals is zero. The welfare effect can be decomposed into the sum of Medicaid and non-
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Medicaid individuals.

W (P ′)−W (P ) =

∫ ẑ

0

∫
Mz

gi(Ui(s
′
L|τ,R)− Ui(sL|τ,R))dFmz(mi|zi)dFz(zi) (Medicaid)

+

∫ Z

ẑ
Ui(sH |τ,R)− Ui(sH |τ,R)dFz(zi)︸ ︷︷ ︸

=0

(non-Medicaid)

If the utility function is concave in the policy instrument, then we can put bounds on the utility
loss from this policy reform. The basic intuition is best conveyed graphically. Figure 2 plots the
utility function of individual i against the health insurance subsidy s. The utility loss from reducing
the subsidy from sL = 1 to s′L = .75 is the vertical distance between utility at the previous subsidy
versus the reformed subsidy, ∆Ui. We can put an upper bound on the magnitude of the utility loss
by taking a linear approximation of the utility function at the reformed policy s′L. Concave utility
implies that the linear approximation evaluated at the less generous subsidy will over-shoot the
utility difference. Conversely, we could put a lower bound on the magnitude of the utility loss by
taking a linear approximation of the utility function at the initial policy sL.

Figure 2: Bounds on Utility Effects from Arbitrary Policy Reform

If the original policy was optimal, then the incremental revenue gains (budget effect) from the
policy reform has to be smaller than the utility loss. The linear approximation gives us a lower

bound on the utility loss. Therefore, we say that if the savings from lowering the Medicaid subsidy
from 100% to 75% are equal to the lower bound of the aggregate utility loss, the planner weakly

prefers the original policy P over the reformed policy P̃ . Denote the pairwise elasticity between
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sL = 1 and sL = .75 by ηm(sL,∆). The optimal healthcare subsidy equates these two effects.

ẑ∫
0

∫
M

gi
dUi
dsL

∣∣∣∣
sL=1

dFz,m(mi|zi)dFz(zi)︸ ︷︷ ︸
lower bound on welfare loss

= (ηm(sL,∆|Z ′) + 1)

ẑ∫
0

∫
M

midFz,m(mi|zi)dFz(zi)︸ ︷︷ ︸
savings generated by the policy reform

The welfare bounds approach allow us to consider non-local deviations and establish conditions
for “weak optimality” (in the sense that the planner could either be indifferent or strictly prefer the
original policy under such conditions). While, in practice, we only consider local deviations to
characterize the optimal healthcare subsidies and tax rate, we need to make non-local comparisons
to establish the optimal income threshold under which individuals are eligible for Medicaid.

The Optimal Healthcare Subsidy

Following the standard approach in the optimal taxation literature, we characterize the optimal
policy by looking at local deviations around the policy and characterizing the point around which
marginal welfare gains or losses are zero. Suppose the planner sets policy to maximize aggregate
utility at a fixed point in time, taking into account only the current distribution of Vi,t at time t. The
planner aggregates money-metric utilities, Ui, where Ui = Vi/u

′(c) in order to re-scale utils into
dollars. The optimal policy will maximize the objective in equation (1) subject to B(P̃ ) ≤ 0.

To begin, let’s first consider the optimal generosity of health insurance for each of the income
groups, holding the income threshold fixed. Let the elasticity of medical spending for the subset
of individuals with incomes zi ∈ Z ′ be η(s|Z ′), where the elasticity is taken with respect to the
coinsurance rate (1− s). Standard optimal tax derivations using the individuals envelope theorems
for the choice mi yield:

dSWF

d(1− s′)

∣∣∣∣
zi∈Z′

= −
∫

zi∈Z′

giHi(mi, ai, θi) ·mi di+ λ

(
s′

1− s′
η(s′|Z ′) + 1

)

where λ is the multiplier on the government budget constraint. At the optimal subsidy, dSWF
d(1−s′) = 0,

leading the the following proposition.

Proposition 1 The optimal healthcare subsidy for individuals in the income subgroup zi ∈ Z ′ is
given by:

s′ =
ḡm(Z ′)− 1

ḡm(Z ′)− 1 + η(s′|Z ′)
with ḡm(Z ′) =

∫
Z′ gi ·Hi ·mi di

λ
∫
Z′mi di

and η(s′|Z ′) =
s · d

∫
Z′ midi
ds∫

Z′midi
> 0

(2)
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The optimal linear income tax can be derived symmetrically. Let the elasticity of aggregate labor
income be ξz. The optimal payroll tax is given by:

τ =
1− ḡz

1− ḡz + ξz
with ḡz =

∫
i gi ·Hi · zi di
λ
∫
i zi di

and ξz =
(1− τ)∫
i zidi

d
∫
i zidi

d(1− τ)
> 0 (3)

Now we turn to the optimal income threshold. Given a fixed income threshold, the optimal
healthcare subsidies are given by equation (2), but the optimal subsidies differ for different income
thresholds. The optimal healthcare subsidies (and tax) determine aggregate welfare at either side
of the threshold, but there is no reason to believe that the two healthcare subsidies will be locally
proximate to each other. Let’s suppose that ẑ is optimal and that the optimal health insurance
subsidy for low income individuals, sL, is more generous than the optimal health insurance subsidy
for high income individuals, sH (at this ẑ). Since this income threshold is optimal, the welfare gains
from moving individuals into the low income group with more generous insurance (or conversely,
moving them out of the generous insurance program) should not exceed the incremental costs from
such a policy reform. At most, the welfare gains of such a policy reform would be equal to the upper
bound of the linear approximation. Since ẑ was optimal, it must be the case that the incremental
costs of raising ẑ are at least as large as the upper bound of the welfare gains (if not larger).

Proposition 2 The optimal “low-income eligibility” threshold ẑ is characterized by by:

ḡm(ẑ) = (ηm(sH , sL − sH |ẑ) + 1) with ḡm(ẑ) =

∫
M
giHi ·mi dFm,z(mi|ẑ)

λ
∫
M
midFz,m(mi|ẑ)

,

and where ηm(sH , sL − sH |ẑ) denotes the pairwise elasticity between sL and sH .

Proof. See Appendix.

To simulate the optimal policy empirically we need three types of objects: social welfare
weights gi, elasticities, and the joint distribution of income, medical spending, and health. In
section 4, we estimate the latter two objects, and in section 4, we present the optimal policy results
under various specifications of the social welfare weights.

3 Behavioral Responses and the Gradient of Health and Wealth

Disparities in health and healthcare across socioeconomic status are a well documented phenomena
in the literature, but less is known about how behavioral responses to health insurance coverage may
differ among the rich and the poor. We investigate this question using experimental data from the
RAND Health Insurance experiment, testing for heterogeneity in the elasticity of medical spending

14



across socioeconomic status by separating individuals into income quintiles. Consistent with what
theory might predict, we find that individuals in the bottom quintiles do not really respond to cost-
sharing incentives, while individuals in the middle and top income quintiles respond substantially.

Intuitively, individuals at the bottom of the income distribution are living in poverty and do not
have the time or energy to over-consume medical services, or to respond to marginal changes in
the generosity of health insurance. These individuals living at or below the Federal Poverty Line
likely go to the doctor when it is necessary, and their medical bill often ends up higher than what
they can afford to pay. This is why government programs such as Disproportionate Share Hospital
(DSH) payments and the 340B drug discount program have stepped in to compensate, monetarily,
the healthcare providers that care for the poor.

Our empirical exercise involves taking one large experiment and cutting it up into five experi-
ments, where the first order concern may be that of power. Luckily, random assignment and balance
across plans along income covariates provide us with enough statistical power to reject the hypoth-
esis that the elasticity of medical spending is the same across income quintiles. We have not seen
other papers do this particular decomposition of the RAND elasticity by socioeconomic status, and,
despite its simplicity, we believe it is informative and of first order importance to health insurance
policy design, particularly for governments that care about inequality and socioeconomic dispar-
ities in healthcare. That said, we view our marginal contribution as largely instrumental to our
main objective of the paper by allowing us to account for behavioral responses to health insurance
policies in our characterization of the optimal policy.

Data Description: We use data from the RAND Health Insurance experiment, which was a large
scale field experiment conducted in the 1970’s designed to estimate and quantify moral hazard.
The experiment randomly assigned individuals to health insurance plans with different levels of
generosity, and aimed to establish the causal effect of plan generosity on total healthcare spend-
ing. The data have been originally published in the public domain by Newhouse and his team of
researchers, and carefully revisited in Aron-Dine et al. (2013). We use the data processed by Aron-
Dine et al. (2013), and borrow generously from their code, in order to estimate the elasticities of
medical spending to coinsurance by socioeconomic status.

The RAND experiment ran from 1974 to 1981, and enrolled over 5,800 individuals. The ex-
periment randomly assigned individuals to one of six plans, which varied the level of cost-sharing
or deductible. The first four plans differed in that they set overall coinsurance rates at 95%, 50%,
25%, or 0%; the fifth plan had a mixed coinsurance rate of 50% for dental and mental health ser-
vices and 25% for everything else; and the sixth plan, referred to as the “individual deductible”
plan, had 95% coinsurance for outpatient services, and 0% for inpatient. The experiment ran in six
different locations, and random assignment was random conditional on location and starting month.
The experiment collected data on individual’s income prior to enrollment, and excluded from the
experiment individuals with incomes greater than $25,000 in 1973 dollars (which corresponds to
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approximately $167,000 in 2022 dollars).

Decomposing the RAND Elasticities by Socioeconomic Status

Empirical Framework: In our main specification, we estimate elasticities by running the standard
regression of log-spending on log-price, interacted with income quintile. We follow the RAND
investigators and Aaron-Dine et al. (2013) and use person-year as the primary unit of analysis. We
denote individuals by i, calendar year by y, medical spending by m, the insurance plan generosity
by s, insurance plan by p, income by z, income quintile by q, month by t, and location by l.

log(mi,y) = ηq(log(sp)× 1[zi ∈ q]) + βy + βl,t + εi,y

Insurance plan generosity only takes one of four values in the RAND experiment. Location by
month fixed effects are included because random assignment was only random conditional on these
factors. The standard, average elasticity of medical spending with respect to insurance plan gen-
erosity will correspond to the estimated ηq coefficients. Figure 3 shows the results from this re-
gression. It appears evident that the behavioral response to insurance incentives is higher among
individuals with more income.

Figure 3: Usual elasticities by Income Quintile

Note: Elasticities are calculated based on regressions of log(medical spending + 1) on log(price), where price is either
the coinsurance rate of the plan or the average out of pocket price paid by individuals assigned to that plan.
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Income Quintile
Bottom Second Third Fourth

p-values
Second 0.103

Third 0.000 0.041

Fourth 0.000 0.000 0.0213

Top 0.000 0.000 0.000 0.0281

Joint F-Test 18.89 13.52 9.56 4.83

p-value 0.000 0.000 0.0001 0.0281

Table 2: Pairwise Parameter Tests for Equality in the Elasticity Estimates

We then conduct a joint F-test and reject the null that all five coefficients are equal. We also
conduct a Wald test on all the pairwise comparisons of parameter estimates, shown in Table 3.
While we cannot reject that the elasticity is the same for individuals in the bottom two income
quintiles, the evidence from the RAND experiment seems to support the hypothesis that behavioral
responses to insurance incentives differ along the income distribution.

Threats to Validity: The literature following the original RAND experiment has raised concerns
about potential threat to the validity of the estimates, and we discuss these concerns as they pertain
to our empirical exercise. In particular, researchers have investigated whether the stratified random
assignement was indeed random (Aaron-Dine et al., 2013), and whether attrition may have biased
the estimates (Newhouse, 1993; Nyman, 2008; Aaron-Dine et al., 2013; Newhouse et al., 2008).
The conclusions from these studies are that assignment of plans to individuals was indeed random,
with the possible exception of the 50% coinsurance plan, which had relatively few people assigned
to it and was discontinued midway through the experiment. Importantly for us, there are no sta-
tistically significant correlations between plan characteristics and individual or household income
(Manning et al., 1987; Aaron-Dine et al., 2013), and this is because the assignment algorithm was
designed to achieve balance on income, among other characteristics, across plan assignment.

The conclusions from studies on potential attrition bias in the RAND estimates, however, are
somewhat different. Attrition, or differential participation across individuals, could bias estimates
in one of two ways. The estimates could be biased upward if it was the case that individuals with
high ex-ante expected spending only agreed to participate if assigned to a generous plan, while in-
dividuals with low ex-ante expected spending agreed to participate, regardless of plan assignment.
Conversely, estimates could be biased downward if there were unobservable fixed costs to partic-
ipating in the experiment: individuals with high ex-ante expected spending may have participated
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regardless, whereas individuals with low ex-ante expected spending may have only participated
when assigned to a generous plan.

The original RAND investigators address potential attrition bias by examining refusal of enroll-
ment and withdrawal from the experiment, and they conclude that neither of these forces caused
any appreciable bias (Newhouse, Chapter 2; 1993). Aaron-Dine et al. (2013) investigate attrition
by implementing an omnibus test for differences in observable pre-randomization characteristics
among individuals who completed the experiment. They find statistically significant imbalances
across plans on two characteristics: number of doctor’s visits prior to the experiment and share
of participants who had a medical exam in the year prior to the experiment. In light of attrition
concerns, they take a bounding approach, conduct a statistical exercise to estimate a lower bound
for the treatment effect following Lee (2009). They conclude that the RAND data still reject the
null hypothesis of no healthcare utilization response to cost sharing, but caution that the magnitude
of the estimates could be considerably lower than the unadjusted estimates.

For the purposes of our present exercise, we should be concerned about attrition bias if it were
the case that the underlying economic mechanisms driving this bias differed across income quintile.
For instance, we may be concerned that individuals from the bottom income quintile had differen-
tial participation rates into plan due to fixed costs of participation, while individuals in the top
income quintile had differential participation due to ex-ante expectations about medical spending.
In this case, differential attrition would would bias downward the elasticity estimated on for the
bottom quintile, and upward the elasticity estimate for the top quintile. The bounding exercise in
Aaron-Dine et al. (2013) remains agnostic about the underlying economic mechanisms, and we can
similarly estimate bounds on the treatment effect separately, by income quintile. Given limitations
on sample size, we are underpowered on this bounding exercise. Nonetheless, we can still reject
the null that the lower bound of the elasticity is the same across all income quintiles.

Elasticities at Various Points of the Price (Coinsurance) Schedule

When we simulate the optimal policy, we use pairwise elasticities at various points of the coinsur-
ance schedule, as opposed to average elasticity. This is because we wish to capture meaningful
differences in the elasticity along various points of the price (coinsurance) schedule. Given that our
primary objective is to characterize optimal insurance policy, and we characterizing the optimum
by looking at local deviations around a particular policy, our simulations use the pairwise elasticity
estimates that most directly speak to the local deviations of the policy being evaluated.

For example, consider a local perturbation to Medicaid’s 100% health care subsidy so that
insurance is now less generous (e.g. 80%). In order to estimate the marginal fiscal externality
from making insurance less generous (and the government’s savings from cutting back Medicaid),
we would like to account for the possibility that individuals may respond discontinuously to 20%
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coinsurance versus free care, relative to a policy reform that changes the coinsurance rate from
50% to 20%. We would also like to account for the fact that an individual in the bottom income
quintile will not consume significantly less care under the less generous policy, relative to the
previous policy, so the magnitude of the counterfactual savings may not be as large as one would
estimate with the average elasticity. In general, the magnitude of the fiscal externality will depend
on the incidence of the policy reform. Given that the RAND experiment allows us to account for
discontinuous responses along the (out-of-pocket) price schedule, and for heterogeneous responses
along the income distribution, we incorporate this information into our simulations.

Given that we rely entirely on these pair-wise arc elasticities, we discuss our estimation proce-
dure in detail here. Pairwise elasticities are calculated as percent change in total spending, divided
by the percent change in coinsurance.

η(s, s′) =
E[mi|s′]− E[mi|s]

E[mi|s]
· s

s′ − s

Pairwise elasticity standard errors are bootstrapped based on 500 replications and clustered
on family. That is, the E[mi|s] are estimated based on regressing mi on plan dummies λp and
location by month fixed effects, clustering standard errors at the family level. We compute pairwise
elasticities instead of arcelasticities, and we partition the sample into five based on the individual’s
income quintile. We compute the pairwise elasticities by comparing the 0%, 25%, 50%, 95%
coinsurance plans. The estimates from this procedure can be seen in Figure 3.

Figure 4: Pairwise Elasticities by Income Quintile

First, consistent with Aaron Dine et. al. (2013), we find that the elasticity is discontinuous at
the free care plan. If we decompose the behavioral response to insurance around the free care plan
by income, we paint a slightly different story than what the log-log elasticity estimates suggested:
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Bottom Quintile Top Four Quintiles

25vFC -0.552 -1.330∗∗∗

(0.828) (0.275)

50vFC 0.0413 -0.643∗∗∗

(0.849) (0.169)

95vFC -0.226 -0.422∗∗∗

(0.188) (0.0511)

25v50 -0.184 -0.0166
(0.811) (0.154)

25v95 -0.0320 -0.0366
(0.128) (0.0381)

50v95 -0.257 -0.130
(0.670) (0.131)

N 3813 16390
Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 3: Pairwise Elasticities by Income Cutoff

low income individuals are not as responsive to coinsurance, but neither are very rich individuals.
This likely captures the fact that wealthy individuals have high enough levels of income already, so
the marginal health care subsidy only has a second order effect on their medical spending decisions.

Second, the 50% coinsurance plan was discontinued throughout the experiment and had a sub-
stantially smaller number of participants than other plans, which explains why the standard errors
are wide. However, the pairwise elasticity estimate that comes from comparing the 25% to the 95%
coinsurance plan is a much tighter zero, suggesting that the behavioral response along medium to
high levels of coinsurance may not be that sensitive to the specific level of coinsurance. In our
baseline optimal policy simulations, we use the the point estimates from the pairwise comparisons
that include the 50% plan and using these in our calibrations. However, our results are robust to
using the point estimates around the 25% to the 95% interval, instead.

In practice, we end up grouping individuals based on whether they fall above or below a given
income quintile. The reason we do so is that the our optimal policy depends only on the aggregate
elasticity above and below the income threshold that qualifies individuals for a health insurance
safety net, such as Medicaid. In the US, public health insurance provided by Medicare and Med-
icaid conditions their insurance policy on whether individuals fall above or below 133% of the
Federal Poverty Line, which roughly corresponds to the bottom income quintile.

Table 3 shows the pairwise elasticity estimates across these two groups. The story is the same:
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individuals in the top four income quintiles are, on average, more responsive to health care subsidies
than individuals in the bottom quintile. Behavioral differences along the socioeconomic gradient
provide us with the key empirical objects that we need in order to quantify the fiscal externality
(i.e. the ‘budget effect’) from a particular health insurance policy reforms like making insurance
more generous or changing the Medicaid eligibility threshold. In the next section we characterize
the joint distribution of medical spending, income, and health.

What Income and Medical Spending Tell Us About Health

There is a vast literature in health economics and macroeconomics that has documented health and
healthcare disparities across socieconomic status, and what we show here is both consistent and
by no means novel or surprising. Nonetheless, the empirical relationship between income, medical
spending, and health is relevant for our optimal policy. We take the underlying distribution of health
states as exogenous, and hold the relationship fixed when characterizing the counterfactual optimal
policy.4

We examine the empirical relationship between income, consumption, and health using data
from the Medical Expenditure Panel Survey (MEPS). Our objectives in this section are twofold:
first, we want to showcase patterns in our data that capture the relationship between health dispar-
ities and the two “taxable instruments” that our social planner can influence– income and health.
Second, we want to estimate the objects that directly go into our policy formulas–the covariance of
health and medical spending for high and low income individuals, and the health and income.

Data Description: The MEPS data contain information about the individual’s income, health in-
surance, aggregate medical expenditures (aggregate and decomposed by inpatient, and outpatient,
out-of-pocket), age, illnesses, and various survey responses that attempt to capture the individual’s
overall health rating. Individuals in the MEPS survey report their overall health state on a scale
from one to five, and they also fill out a 36 question survey (the Short Form-26) which produces
two composite scores that summarize the individual’s mental health and physical health. These are
the two measures that we primarily use to estimate H . The MEPS data consist of a large-scale
survey of individuals and families, and it is panel data.

The MEPS data are made publicly available for download by the Agency for Healthcare Re-
search and Quality. We use data from 2009 through 2016 because the data contain more detailed
information about health medical spending (data after 2016 do not provide BMI, and data prior

4An important caveat to our paper is that we take the health distribution as exogenous. In practice, however, Health
outcomes may be largely determined by factors outside our model, such as the private health insurance market, access
to health care (Fogel and Lee, 2003), differences in quality (Skinner and Zhou, 2004), or even differential physician
behavior toward the rich and the poor (Chen and Lakdawalla, 2019). Explicit consideration of these factors is somewhat
beyond our model. Nonetheless, our thought experiment of the optimal health care subsidy does not preclude that these
other factors co-exist. Rather, we need to assume that public health care subsidies do not directly impact these outside
factors so as to alter the underlying distribution of health.
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to 2009 do not separately break out inpatient and outpatient spending, for example). We use two
types of data files: the Full Consolidated file and the Medical Conditions File. From the Full Con-
solidated file, we obtain income, self reported health rating scores, aggregate medical spending,
and consumption (where we define consumption as income net of out of pocket medical spending).
From the medical conditions file, we obtain the diagnosis codes (ICD-9) associated with each indi-
viduals. The medical conditions file allows us to construct indicators for the 17 disease categories
that factor into the Charlson Commobidy Index, which is a commonly used index in the health
literature, used to characterize the severity of illness of an individual. We borrow code from Frakes
and Gruber (2019) to calculate Charlson scores from MEPS data.

Table 3 contains standard summary statistics describing the individuals in our sample. Relative
to the top income quintile, low income individuals in our sample are younger and low income
women are over-represented.

The MEPS survey design includes stratification, clustering, multiple stages of selection, and
disproportionate sampling. The MEPS data provider creates weights that account for the non-
random sampling, allowing us to correct the point estimates so as to obtain nationally representative
aggregates. The means reported in the Table below have been adjusted appropriately based on the
survey design, weights, and strata.

Measuring Quality of Life

In the Grossman model of health capital, quality of life (QoL) describes a scalar between zero and
one that scales down the flow payoff utility of an individual based on whether they suffer of illnesses
or chronic conditions. There is a literature in health economics that has devoted explicit attention to
empirically estimating Quality Adjusted Life Expectancy (QALE) and Quality Adjusted Life Years
(QALYs), which map the objects in the theory– theHi scalar and the survival probabilities– to data.
As noted in Cutler et. al. (2022), there is no universally accepted metric of health-related QoL, and
it is usually measured in a series of “domains,” including physical and mental functioning, role
limitations, pain, and cognition.

One common approach to estimating Hi involves regressing survey measures of self-reported
health on a vector of health conditions. Cutler and Richardson (1999), for instance, use this ap-
proach to compare the effects of various health conditions (e.g. arthritis, diabetes, hypertension)
on Quality of Life. In a more recent paper, Cutler et. al. (2022) combine data on survival prob-
abilities, self-reported health, and a number of other sources to estimate QALE at age 65. Within
this literature, the focus is usually on comparisons across disease categories and particular medical
interventions. QALYs are used by the United Kingdom’s National Health Service when deciding
which pharmaceutical treatments to pay for. Our exercise follows the same methods.

Empirical Framework: In our baseline specification, we estimate QoL,H , by regressing the overall,
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Income Quintile
Bottom Second Third Fourth Top

Sociodemographics
Age 41.53 48.96 47.86 48.11 49.93
Male 0.374 0.439 0.477 0.524 0.599
White 0.738 0.785 0.814 0.831 0.838
Black 0.160 0.141 0.117 0.0996 0.0711
Other 0.101 0.0739 0.0686 0.0695 0.0905

Married 0.451 0.425 0.532 0.614 0.679
Education (years) 8.387 8.521 9.267 10.01 11.02

Behavioral Risk Factors (shares)
Smoker 0.198 0.194 0.173 0.138 0.0855

BMI Normal 0.378 0.339 0.318 0.313 0.331
BMI Overweight 0.275 0.315 0.332 0.342 0.371

BMI Obese 0.278 0.287 0.301 0.304 0.265

Comorbidity Factors
Asthma 0.136 0.118 0.0969 0.0925 0.0888
Cancer 0.0979 0.148 0.126 0.118 0.127

Diabetes 0.125 0.144 0.116 0.0975 0.0745
Heart Attack 0.0488 0.0678 0.0488 0.0332 0.0268

Charlson Score 0.326 0.391 0.287 0.237 0.226

Health Status (percentage points relative to the mean)
Self-reported, Overall -1.81 -3.81 0.36 2.90 7.20

Mental Health -2.31 -1.21 0.89 1.80 2.81
Physical Health -1.97 -3.25 0.42 2.65 4.13

Components of Quality of Life
Hearing Impairment 0.0579 0.0887 0.0728 0.0640 0.0586
Writing Impairment 0.0865 0.107 0.0557 0.0352 0.0228

Health Limits Social Activity 0.117 0.130 0.0724 0.0462 0.0363
Difficulty Lifting 10 lbs 0.145 0.172 0.0939 0.0554 0.0392

Difficulty Crouching 0.172 0.210 0.135 0.0861 0.0702
Difficulty Reaching 0.133 0.162 0.0933 0.0550 0.0385

N 41,409 38,654 31,425 27,030 22,747

Table 4: Summary Statistics by Income Quintile

1-5, self reported health rating on a vector of conditions and obtaining the predicted values, where
the outcome variable is rescaled to lie between zero and one. The unit of analysis for all of our
empirical estimates is person-year. Denoting individuals by i, years by t, age by at we estimate:

Hself−reported
it = βcc + bmiit + α ·Xit + βt + εit (4)
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where cc denotes a particular chronic condition, bmiit denotes the individual’s body mass index,Xit

denotes a vector of demographic variables which include gender, age, age squared, age interactions
with gender. The chronic conditions vector includes cancer, high blood pressure, coronary artery
disease, angina, an indicator for whether the individual has experienced a heart attack, an indicator
for a prior stroke, history of heart disease, emphysema, high cholesterol, diabetes, arthritis, asthma,
and the various functional impairments (i.e. difficulty walking, reaching, bending over, writing,
hearing, attending social activities).

Figure 3 shows the predicted values from the regression in equation (4) against individual medi-
cal spending, age, and sickness metric (Charlson Commorbidity Index). The upper left panel shows
QoL by income decile conditional on various categories of medical spending. Conditional on hav-
ing zero health care spending, QoL seems to be fairly constant across income deciles, suggesting
that differential levels of consumption are the primary source of disparities among these individ-
uals. Conditional on any type of spending, however, a clear pattern of health disparities emerges.
Individuals in the third income decile are, on average, worse off than everyone else. One possi-
ble explanation for this dip is that individuals in the third income quintile are not poor enough to
qualify for social assistance programs or Medicaid, but they still have low levels of income and
consumption.
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Note: The lower right panel only contains data from 2009 through 2015 due to data availability in the MEPS.
The remaining three panels contain data from 2009 through 2016.

Figure 5: Predicted Health Status (Self-Reported Overall)

The upper right panel of Figure 3 shows QoL by medical spending decile, conditional on being
in the top versus the bottom quintile. As expected, high income individuals have better QoL, even
among the high medical spending individuals (who are presumably suffering of more illness than
low spending individuals). The bottom left panel shows QoL by age across the top and bottom
income quintiles. The gap in QoL disparities is highest for individuals in their 40’s and 50’s, and
the gap shrinks somewhat after the retirement age. Finally, the lower right panel shows disparities
in QoL for individuals with positive Charlson scores, which capture the number of commodities
affecting an individual. Conditional on having no comorbidities, the income disparities in QoL
are smaller than among individuals with positive comorbidities. This last panel is suggestive of
a rationale behind a public health insurance safety net that caters to the chronically ill, such the
public health care system in Italy, Japan, and the Netherlands.
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4 The Optimal Healthcare Subsidy and Safety Net Eligibility

Our optimal policy requires that we specify three types of objects: elasticities, the joint distribu-
tion of health, income, and medical spending, and the social welfare weights. We have already
described how we obtain the first two objects, which leaves the social welfare weights are the
final unknown. The social welfare weights capture social preferences, and they come from so-
cial, moral, or philosophical concepts outside the scope of our model. In the traditional welfare
economics literature, the two most common specifications for social preferences have been utili-
tarianism (everyone’s utility is weighted equally) and Rawlsian (the individual who is worse off
in society gets all the weight). These two objectives, however, lead to optimal policies that seem
far removed from policies used by governments across the globe, in practice. Saez and Stantcheva
(2016) provide an extensive discussion of different types of social preferences that more closely
align with the policies seen in practice. In the context of taxation, they discuss social objectives
such as poverty alleviation, equality of opportunity, Libertarianism, and the implications that these
various objective have for tax policy. Our exercise builds off of the foundations laid out in their
work, and we begin with a social objective of health equity.

In this section, we simulate the optimal health care subsidy and tax policy for a planner who
cares about health equity. By health equity, we refer to reducing disparities that exist in health-
capital-adjusted utility, taking the underlying distribution of health as a fixed primitive of the pop-
ulation. Our social planner will thus choose a policy based on an objective that places a higher
weight on sick individuals relative to healthy individuals, trading off the costs of subsidizing health
care against the fiscal externalities of financing such subsidies.

Estimation Algorithm

To simulate the optimal policy, first we specify the social welfare weights as a function of observ-
able characteristics. For our main specifications, we use weights that are inversely proportional to
only health, or Rawlsian in to health adjusted income.

gi = − log(Hi) or gi = min{Hit · zi}

Our unit of analysis is person-year. We take the actual self reported health score for individual i in
year t that was used for estimating equation (4).5 That is, we useHit, which has been normalized to
lie between zero and one. We inflation-adjust income, medical spending, and consumption (income
net of out of pocket spending) to 2010 dollars.

The optimal tax, τ , depends on ḡz and the labor supply elasticity ξz. The ḡz is equal to product
of the expectation of the social welfare weight and income, divided by the average income and

5We use the actual values, as opposed to the predicted values, to reduce possible sources of error in the estimation.
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welfare weights, ḡz = E[gi · zi]/(E[zi] · E[gi]). We compute E[gi · zi], E[zi], and E[gi] at the
specified weights using the survey data estimation software in Stata, accounting for the sampling
weights and strata given by the data provider. We calibrate the labor elasticity at a constant 0.5,
which is on the upper end of the range of estimates in the literature, following the calibrations done
in Saez and Stantcheva (2016).

The optimal subsidy for low and high income individuals depend on ḡLm, ḡHm , and the elastic-
ities of medical spending with respect to coinsurance, conditional on income, ηm(s|zi ≤ ẑ) and
ηm(s|zi > ẑ). The ḡLm is similar to the ḡz but with respect to mi, but the main difference is that it is
the conditional expectation for low income individuals, ḡLm = E[gi·mi|zi ≤ ẑ]/(E[zi|zi ≤ ẑ]·E[gi]).
The ḡHm is almost identical to ḡLm, but the conditional expectation is over the high income individu-
als, ḡHm = E[gi ·mi|zi > ẑ]/(E[zi|zi > ẑ] · E[gi]). Notice that the expectation of the social welfare
weights in the denominator is unconditional; this is because it comes from the multiplier on the
government budget constraint λ, which is pinned down by the lump sum transfer which applies to
everyone. The empirical estimate of the ḡm’s thus will differ depending on the level of ẑ. We esti-
mate the ḡm’s at every percentile of zi in order to search over the space of ẑ that yield the optimal
policy. We compute the optimal sL and sH at every possible ẑ, and we discretize the income space
into 100 quantiles for this computation.

The sL and sH depend on the also on the elasticities, ηm(s|zi ≤ ẑ) and ηm(s|zi > ẑ), which
we take from RAND. We calculate pairwise elaticities between the health care subsidies of 100%,
75%, 50% and 5% (i.e. the coinsurance rates 0%, 25%, 50%, and 95%) by income subgroup. Due
to power issues, we discretize income into quintiles for this computation, and estimate aggregate
pair-wise elasticities for individuals below ẑ by averaging over individuals in the bottom quintile,
the bottom two quintiles, the bottom three quintiles, the bottom four quintiles, and for the full
sample. We estimate aggregate pair-wise elasticities for individuals above ẑ in the same fashion.
For each computation of sL and sH given ẑ, we use the empirical elasticity estimates for quintile
of that particular ẑ (e.g. given a ẑ in the 15th percentile, we would use the aggregate elasticity
estimated off of the bottom RAND income quintile for ηm(s|zi ≤ ẑ), and the aggregate elasticity
estimated off of the top four RAND income quintiles for ηm(s|zi > ẑ)). We then compute the
gradient of the Lagrangian using the elasticity estimates at the two corners to check whether an
interior solution for s exists.6 If this derivative is positive at the upper bound of the subsidy, we say
s = 1, and if it is negative at the lower bound of the subsidy, we say s = 0. If an interior solution
does exist, we compute sL and sH for the three local pairwise elasticities (i.e. 100%, versus 75%,
75% versus 50%, and 50% versus 5%), and then check whether the empirical values of sL and
sH at each of the three elasticities are internally consistent with the range in which the pairwise
elasticity was estimated (e.g. if the sL estimated using the pariwise elasticity between 100% and
75% health care subsidy is equal to 60%, we reject that estimate of sL). When no values of sL
and sH are internally consistent, we take the estimate that is closest to the boundary point of the

6The derivative of the Lagrangian with respect to s is equal to ḡLm − (ηm(s|zi ≤ ẑ) + 1).
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pairwise range.

Finally, we search over the space of ẑ to recover an optimal policy. The optimal ẑ depends on
the average marginal social welfare weight of individuals at the threshold, ḡm(ẑ), and the medical
spending elasticity with respect to coinsurance for those individuals, ηm(sL, sL−sH |ẑ). The ḡm(ẑ)

is again very similar to the other welfare weights, with the only difference that it conditions over
a different range. Since we have discretized the income space into 100 quantiles, we take the
conditional expectations among individuals within each quantile. That is, we estimate ḡm(ẑ) =

E[gi · mi|zi ∈ pctile(ẑ)]/(E[mi|zi ∈ pctile(ẑ)] · E[gi]), where pctile(ẑ) denotes the range of
incomes that lie within a given percentile. For the elasticity, ηm(sL, sL − sH |ẑ), we estimate all
possible pairwise elasticities in the RAND data for each income quintile and construct a four by
four matrix, where the rows and columns index subsidies of 100%, 75%, 50%, or 25%. We then
find the pairwise comparison in the RAND experiment that is closest to the estimated values of sL
and sH using estimates from the income quintile where the conjectured ẑ lies. Next, we compute
the optimality condition for ẑ at the corners in order to check whether there is an interior solution.
If the optimality condition is negative at first income percentile, we say the optimal ẑ = 0, and if
it’s positive at the 100th income percentile, we say ẑ = Z (Z is the upper bound of the income
distribution). If there is an interior solution, we take the minimum over the absolute values of the
optimality conditions across the 100 possible values of ẑ.

Finally, we take the optimal ẑ, the optimal sL and sH for that particular ẑ, and the optimal linear
tax τ , to calculate the transfer, R. Given the binding budget constraint, R = τ ẑ − sLE[mi|zi ≤
ẑ] − sHE[mi|zi > ẑ]. To calculate the level of R, we use the average income and conditional
averages of medical spending above and below the optimal ẑ.

Results

Table 4 below shows our results. The the welfare weights in columns (1) and (4) are inversely
proportional to health-adjusted income. The log(Hi) weights in column (1) result in a policy that
is strikingly similar to Medicare and Medicaid– Medicare covers 80% of expenses for outpatient
care, and 100% for low income individuals that qualify for Medicaid. While Medicaid eligibility
varies by state, the US Congress incentivizes states to choose 133% of the Federal Poverty Line
or above as the Medicaid eligibility threshold by disbursing federal subsidies to these states. The
Medicare deductible for hospital care is around $1,500, which is fairly similar to the lump sum tax
suggested by the policy in column (1). The 1

H2
i

weights in column (4) describe a planner who places
even more weight on the sick, relative to the health (i.e. the “concavity parameter” with respect to
health is greater). Under these weights, the planner optimally chooses “Medicare for All except
for the top 1%”– subsidize 100% of care for all individuals below 16,000% of the Federal Poverty
Line, which corresponds to the 99th income percentile. Because low income individuals also have
poorer health, the optimal policy in column (4) also involves a transfer of $4,400, which implies
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that all individuals who earn less than $18,700 a year receive net transfers from the government.

Social Welfare Weight Specification gi

(1) (2) (3) (4) (5)

− log(Hi) min{Hi · zi} 1
Hi·zi

1
H2
i

min{Hi}

High Inc Subsidy, sH 0.704 0.378 0 0 1

Low Inc Subsidy, sL 1 1 0 0.785 1

Eligibility as % FPL, ẑ 129% 309.7% . 16,020% .
(Inc Percentile) (11th pctile) (45th pctile) . (99th pctile) .

Tax, τ 0.198 0.452 0.667 0.235 0.52

Demogrant, R -$1,959.4 $ 9,054.6 $ 23,692 $ 4,404 $7,662.4

Table 5: Simulated Optimal Policy

Columns (2) and (5) show the Rawlsian welfare weights. The planner in column (2) cares about
the poorest individuals with the worst quality of life, while the planner in column (5) cares only
about the individuals in society who have the lowest quality of life. The Rawlsian planner in column
(2) chooses a Medicaid-type policy, but one that is substantially more generous than the US, with
the eligibility threshold at 309% of the Federal Poverty Line (which corresponds to approximately
the 45th income percentile). The Rawlsian planner in column (5) chooses “Medicare for All” and
gives a relatively high transfer to everyone of $ 7,600. This means that individuals who make less
than $14,000– which is close to the Federal Poverty Line for a one person household individual–
receive net transfers from the government.

Column (3) shows welfare weights that are inversely proportional to income. Under these
weights, the planner optimally chooses a large transfer and tax rate– 67% marginal tax rate and
nearly a $24 K transfer– which means that individuals earning less than $35,000 a year receive net
transfers from the government, and individuals above that figure are taxed.

5 Conclusion

Even the wealthiest individuals in a nation would find themselves incapable of enjoying their wealth
if their health condition were one of severe illness. Socially efficient insurance is typically charac-
terized as satisfying a trade-off between the value of risk protection and the cost of induced moral
hazard, but we provide a new lens under which to evaluate public health insurance– redistribution.
The standard insurance-moral hazard trade-off is based on maximizing unweighted social surplus.
However, when there is heterogeneity among the recipient population, either in existing levels of
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health, or along some other dimension such as income, insurance also involves direct cross-type
redistribution in addition to within-individual redistribution across realized (e.g. health) states.
We view are contribution as providing a new toolkit to the design and evaluation of public health
insurance.

An important caveat to our exercise is that we have completely abstracted away from the in-

surance aspect of public health insurance. In our model, individuals know their type and make
optimal choices based on this information, while in reality there are salient information frictions in
health care that make insurance valuable in the market. Here, we have ignored the existence of a
private insurance market, which begs the question of why have government intervention in the first
place. To this point, we would say that our exercise is not about addressing market failures in the
health care industry, but rather about how to design a tax and transfer system for a planner who
has concerns for health equity, and in the same way that the Cadillac tax acts through the “tagging”
channel, medical spending serves as a tag for sick individuals. We do recognize, however, that it
is important to account for the interplay between public health insurance and the private insurance
market, and leave this open for future work.
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Appendix

Proof of Proposition 2

Proposition 2 The optimal “low-income eligibility” threshold ẑ is characterized by by:

ḡm(ẑ) = (ηm(sH , sL − sH |ẑ) + 1) with ḡm(ẑ) =

∫
M
giHi ·mi dFm,z(mi|ẑ)

λ
∫
M
midFz,m(mi|ẑ)

,

and where ηm(sH , sL − sH |ẑ) denotes the pairwise elasticity between sL and sH .
Proof. To begin, consider the effect of raising ẑ by ε > 0 on welfare. Denote the original policy
by P = (R, τ, ẑ, sL, sH), and the reformed policy by P ′, where P ′ = (R, τ, ẑ′, sL, sH), where the
only difference between P and P ′ comes from changing the ẑ to ẑ′ and all other policy instruments
are held fixed. Consider reforming the policy by lowering the eligibility threshold from ẑ to ẑ + ε

for ε > 0. The welfare effects from this policy reform are given by

W (P ′|ẑ + ε)−W (P |ẑ) =

ẑ+ε∫
ẑ

∫
M

gi( Ui(sL)︸ ︷︷ ︸
utility at the

Medicaid rate

− Ui(sH)︸ ︷︷ ︸
utility at

non-Medicaid rate

)dFz,m(mi|zi).

If sL > sH and utility is concave in s, then by Jensen’s inequality we can say that the aggregate
utility gain is bounded above and below by

(sL − sH)

ẑ+ε∫
ẑ

∫
M

gi
dUi
ds

∣∣∣∣
sL

dFz,m(mi|zi) ≤W (P ′|ẑ + ε)−W (P |ẑ) ≤ (sL − sH)

ẑ+ε∫
ẑ

∫
M

gi
dUi
ds

∣∣∣∣
sH

dFz,m(mi|zi).

The effect from the policy reform on the budget is given by

B(P ′|ẑ + ε)−B(P |ẑ) = −sL

ẑ+ε∫
ẑ

∫
M

mi(sL)dFz,m(mi|zi)dFz(zi) + sH

ẑ+ε∫
ẑ

∫
M

mi(sH)dFz,m(mi|zi)dFz(zi)︸ ︷︷ ︸
counterfactual change in insurnace expenditures from shifting people at threshold to the Medicaid rate

.

We can rearrange and divide everything by the average spending of individuals .

B(P ′|ẑ + ε)−B(P |ẑ) = −(sL − sH) (ηm(sH , sL − sH |∆ẑ+) + 1)

ẑ+ε∫
ẑ

∫
M

mi(sH)dFz,m(mi|zi)dFz(zi)

for ε > 0, where ηm(sH , sL − sH |∆ẑ) =

ẑ+ε∫̂
z

∫
M
mi(sL)dFz,m(mi|zi)−

∫
M
mi(sH)dFz,m(mi|zi)dFz(zi)

ẑ+ε∫̂
z

∫
M
mi(sH)dFz,m(mi|zi)dFz(zi)·(sL−sH)/sL

denotes

the average elasticity between coinsurance subsidies sL and sH , averaged over individuals that have
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incomes zi ∈ ∆ẑ, where ∆ẑ+ denotes the range of incomes that are newly eligible for Medicaid
under the policy reform, ∆ẑ+ = [ẑ, ẑ + ε].

Say the marginal cost of public funds is λ. If the upper bound on the welfare gains is equal
to the cost of the policy reform (which will be the budget effect times λ), then the planner will
weakly prefer the original policy P to the reformed policy P ′. Equating the upper bound of the
welfare effect to the budget effect, rearranging terms, and substituting in for the elasticity, gives us
the following optimality condition

(sL − sH)

ẑ+ε∫
ẑ

∫
M

gi
dUi
ds

∣∣∣∣
sH

dFz,m(mi|zi)

︸ ︷︷ ︸
upper bound on welfare gains from raising ẑ

= λ(sL − sH) (ηm(sH , sL − sH |∆ẑ) + 1)

ẑ+ε∫
ẑ

∫
M

mi(sH)dFz,m(mi|zi)dFz(zi)

︸ ︷︷ ︸
cost of policy reform

.

Dividing both sides by (sL − sH), rearranging, and taking ε→ 0 results in∫
M
gi

dUi

ds

∣∣
sH
dFz,m(mi|ẑ)

λ
∫
M
mi(sH)dFz,m(mi|ẑ)

= (ηm(sH , sL − sH |∆ẑ) + 1) .

The marginal effect of s on money-metric utility, Ui, is∫
M

gi
dUi
ds

dFm,z(mi|ẑ) =
1

u′

∫
M

gi(−u′ · (1− s)
dmit

ds
Hit + u

dHit

dmit

dmit

ds
+
dEVi,t+1

dmit

dmit

ds︸ ︷︷ ︸
=0 by the envelope theorem

+u′ ·mit ·Hi dFm,z(mi|ẑ)

=

∫
M

gi ·mit ·Hit(mit, θi, at)dFm,z(mi|ẑ),

and substituting in results in the desired expression.
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Detailed Lagrangian Derivation of the Optimal Policy

Denote a particular policy by P , where P consists of an income tax schedule and a health insurance
schedule. Suppose the government assigns welfare weights to individuals based on observable
characteristics of individuals valued by society, such as health state and income. Suppose that the
welfare weights are defined over characteristics of individuals i at the optimal policy, P . That is,
while the characteristics of individuals may be endogenous to the policy, (e.g. health state may be a
function of health insurance), the social welfare weights are fixed, and defined at a particular vector
of individual characteristics that correspond to the equilibrium values at the optimal policy, P .

The government sets policy by maximizing an aggregate objective of individual’s money-metric
utility, weighted by a particular set of social welfare weights. Denoting individuals by i, the gov-
ernment chooses a policy P optimally to maximize

W (P̃ |P ) =

∫
i

gi(Hi, zi|P )Ui(P̃ )di,

where P̃ is an arbitrary policy, gi(P ) the generalized marginal social welfare weight assigned to
individual i at the optimal policy P , and Ui(P̃ ) the money-metric utility of individual i at any
arbitrary policy P̃ .

Consider the case in which the planner chooses an optimal policy Pt = (sH , sL, ẑ, τ, R) at a
fixed point in time t to maximize aggregate welfare of the cross-section of individuals.

Pt ∈ arg max
P̃t

∫
i

gi(P )
1

u′
Vi,t(P̃t)di

where

Vi,t =u(cit − vi(zit))Hit(mit, θit, at) + EVi,t+1(mit)

and there are no savings so cit = Rt + (1− τ)zit− (1− s)mit, and the continuation value depends
only on current medical spending,

EVi,t+1 =
∞∑
k=1

(
1

1 + r

)t+k
u(ci,t+k − vi(zi,t+k))S(t+ k|at+k,mit)Hit(mit, θit, at).
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The Lagrangian formulation of the planner’s problem is given by:

L =

∫
i

gi
u′

(u(R + (1− τ)zi − (1− s(z))mi︸ ︷︷ ︸
=ci

−vi(zi))Hi(mi, θit, at) + EVi,+1(mi)) di

+ λ

τ ∫
i

zidi−R−
ẑ∫

0

∫
M

sLmi dFzm(mi|zi)dFz(zi)−
Z∫
ẑ

∫
M

sHmi dFzm(mi|zi)dFz(zi)


subject to s, τ ∈ [0, 1]

The optimality condition for the payroll tax is

dL
d(1− τ)

=

∫
i

gi
u′
Hit(mit, θit, at) · u′(cit − vi(zit))

(1− τ)
dzi

d(1− τ)
− v′i(zi)

dzi
d(1− τ)︸ ︷︷ ︸

=0

+zi

 di

+ λ

τ ∫
i

dzi
d(1− τ)

di−
∫
i

zi di


︸ ︷︷ ︸

=z̄( τ
1−τ ξz−1)

,

and setting it equal to zero implies that
(

τ
1−τ ξz − 1

)
=

∫
i giHit(mit,θit,at)·zi di

λ·
∫
i zidi

= ḡz at the optimum.

The optimality condition for the two coinsurance rates is given by

dL
d(1− s)

∣∣∣∣
zi∈Z′

=

∫
Z′

∫
M

gi
u′

(−u′ · (1− s) dmit

d(1− s)
Hit + u

dHit

dmit

dmit

d(1− s)
+
dEVi,t+1

dmit

dmit

ds︸ ︷︷ ︸
=0 by the envelope theorem

−u′ ·mitHitdFm,z(mi|zi)dFz(zi)

+ λ

 s

(1− s)

−(1− s)
∫
Z′

∫
M
mi

dmit

d(1−s)di∫
i
midFm,z(mi|zi)dFz(zi)︸ ︷︷ ︸

ηm(s|Z′)the elasticity of medical spending among group Z′

+1


∫
Z′

∫
M

midFm,z(mi|zi)dFz(zi)

︸ ︷︷ ︸
m̄(Z′) average medical spending among Z′

.

Setting it equal to zero implies that
(

s
(1−s)ηm(s|Z ′) + 1

)
=

∫
Z′

∫
M
gi·mit·HitdFm,z(mi|zi)dFz(zi)

λ·
∫
Z′

∫
M
mit·dFm,z(mi|zi)dFz(zi)

at the

optimum.

The optimality condition for the transfer, R, pins down the multiplier, λ.

dL
dR

=

∫
i

gi
u′
Hit(mit, θit, at) · u′(cit − vi(zit)) di− λ =⇒ λ =

∫
i

giHit(mit, θit, at) di
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Finally, the optimality condition for the safety net eligibility threshold, ẑ, is given by:

dL
dẑ

= f(ẑ)

∫
M|ẑ

gi(u(R + (1− τ)zi − (1− sL)mi − vi(zi))Hi(mi, θit, at) + EVi,+1(mi))dFzm(mi|ẑ)

− f(ẑ)

∫
M|ẑ

gi(u(R + (1− τ)zi − (1− sH)mi − vi(zi))Hi(mi, θit, at) + EVi,+1(mi))dFzm(mi|ẑ)

+ λ

−∫
M

sLmi dFzm(mi|ẑ) +

∫
M

sHmi dFzm(mi|ẑ))

 f(ẑ).
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