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Abstract

Should the government include equity concerns in its health insurance policies? I study a
model where individuals differ in productivity and cost of preventive care. These types are
unobservable to government, introducing an equity-efficiency trade off and a moral hazard
problem. Solving this model yields three new insights. First, I show that the government
should differentiate effective tax rates between healthy and ill individuals. Second, I show
that the government can differentiate effective tax rates through the provision of an income-
dependent social insurance policy. Third, I examine the robustness of some of previous results
in the literature and show they are not fully robust to a different timing of the labour supply

decision.
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1 Introduction

Should the government use income-dependent health policies to redistribute income when it can
also use tax and transfer policies? Governments have long intervened in the provision of health-
care, either by providing it directly or by heavily regulating insurance markets. Economists have
studied the efficiency arguments for doing so. Many of the classic market failure arguments can be
traced back to Arrow (1963) who explains why healthcare is unlike most other markets. Further
strengthening the general case for intervention in health insurance markets were Rothschild and
Stiglitz (1978), who showed that under asymmetric information insurance markets could collapse
completely. Although the case for government intervention in the provision of healthcare in order
to increase the efficiency of provision is clear, it is less obvious why there should be as large an
equity component to this intervention as we typically see in developed countries.

One of the most significant insights of The Theory of Public Finance (Musgrave, 1959) was the
conceptual separation between the allocative and redistributive branches of government. A gov-
ernment would set up two departments, which would rarely need to communicate. The allocative
branch would ensure that , within an economy, all gains from trade were exploited. The redis-
tributive branch would then implement the income distribution considered just by the government.
In the context of public health insurance and redistribution this separation would imply, that the
allocative branch intervenes in healthcare markets to address market failures due to moral hazard
and asymmetric information. The redistributive branch can redistribute income as desired by the
government through a tax system. There would be no need no need for equity considerations in
the design of healthcare policies.

This separation of tasks is not what we see in practice in the design of healthcare policies.
Indeed, many European policy-makers take an egalitarian viewpoint of healthcare provision, in
which healthcare is provided according to need and financed according to ability to pay ( Wagstaff
& Van Doorslaer, 1993).

To study whether a public health insurance programme should be income-dependent when the
government can also use an income tax, I extend the two-productivity type model of Stiglitz (1982)
with two health types. Individuals are heterogeneous with respect to their productivity as well as
their cost of effort on preventive care. Individuals are either healthy or ill. If an individual falls
ill, he incurs an exogenous healthcare cost. Individuals make a discrete choice between two levels
of preventive effort before they know their health state. The cost of obtaining these levels differs
between workers according to their health type. After the health state is revealed workers decide
on the amount of labour they supply, earn their income and consume it. The government does

not observe the individual’s type or labour and effort choices. It only observes the individual’s



production and consumption choices and their health state. The government maximises social
welfare by offering a non-linear tax schedule, that can be conditioned on production level and
health state. Because the government does not directly observe effort, there is a problem of moral
hazard. If the government were to provide full insurance, there would be no incentive for individuals
to exert any effort to remain healthy. The inability of the government to the observe productivity
type implies it has to resort to distortionary taxation. This introduces a trade off between equity
and efficiency which has been extensively studied in the optimal tax literature. I show how both
the moral hazard problem and the equity-efficiency trade off affect optimal policy. This yields
several novel insights.

First, I show how tax rates should differ with health state and productivity level. T show that
optimal tax rates on the healthy individuals are lower than on the ill individuals. Intuitively, by
raising the marginal tax rate of the ill above that of the healthy, the government can redistribute
more income from ill high-income individuals to ill low-income individuals. Additionally, by levying
a higher marginal tax rate on the unhealthy low-income individuals, the government raises more
revenue from the unhealthy high-income individuals. This reduces the moral hazard problem by
making it more costly to high-income individuals to fall ill. This allows the government to raise
the amount of social insurance it provides, thereby raising the transfer from the healthy towards
the ill.

Secondly, I show how the state-dependent tax policy described above can be implemented
through the use of a non-linear income tax and an income-dependent social insurance programme.
Intuitively, the government can implement the state-dependent tax schedule by offering all individ-
uals the same non-linear income tax schedule, complemented by an income-dependent contribution
to healthcare cost. By reducing the coinsurance rate of healthcare cost as income rises, the gov-
ernment raises the effective tax rate faced by ill individuals. Since only the ill incur healthcare
cost, this effectively implements a state-dependent non-linear tax schedule.

Lastly, I shed some new light on earlier results by Rochet (1991) and Cremer and Pestieau
(1996) who analyze a non-linear income tax with social insurance in a setting where the labour
supply decision is made before the health state is realised. I analyze a simpler version of my model
that excludes the moral hazard problem to show that the full social insurance result of Rochet
(1991) and Cremer and Pestieau (1996) is mostly robust to a setting in which individuals already
know their health state when they make their labour supply decision. The difference between our
results is that the social insurance policy needs to be income-dependent. The intuition is that
the government can generally use the health state to infer some information about an individual’s
productivity type. By using this information, the government can improve the equity-efficiency

trade off and hence it generally makes the social insurance programme income-dependent as a



way to use the information it obtains from the health state it observes, thereby improving the
equity-efficiency trade off it faces.

The remainder of this paper is structured as follows. Section 2 gives an overview of the literature
this paper contributes to. In section 3 I introduce and solve several versions of the main model.
Subsection 3.1 considers the first-best case. Subsection 3.2 analyses the second-best without ex
ante moral hazard. Subsection 3.3 considers the full model with ex ante moral hazard. Subsection
3.4 shows how the government can implement health state-dependent tax schedules through an

income-dependent social insurance policy. Finally, Section 4 concludes.

2 Related Literature

This paper relates to several strands of the literature.

First, it closely relates to the literature on the dual problem of income redistribution and the
provision of social insurance. The papers by Blomqvist and Horn (1984), Rochet (1991) and Cremer
and Pestieau (1996) consider optimal taxation and social insurance in settings where individuals
differ in their ability to earn income, as in Mirrlees (1971), and in their risk of illness. Individuals
choose their labour supply before they know their health state. There are no private insurance
markets and the government is the only provider of insurance. The government chooses an income
tax schedule and social insurance policy to maximise social welfare. The optimal amount of social
insurance is generally positive even in the presence of an optimized non-linear tax schedule. In
both Rochet (1991) and Cremer and Pestieau (1996) the government provides full social insurance
if there is a negative correlation between risk and labour productivity. In this paper, I add to this
strand of the literature in three ways. First, I show that the timing of the labour supply decision
matters for the optimal social insurance policy. The literature considers cases where labour supply
decisions are made before individuals know their health state. This paper considers the case when
labour supply decisions are made when individuals do know their health state. I show that this
timing difference matters and implies it is optimal to introduce income-dependencies in the social
insurance programme. Second, I consider social insurance with a larger degree of heterogeneity. In
the literature it is assumed that all individuals of a certain level of labour productivity also share
the same risk of illness. This paper relaxes that assumption. Third, I introduce an ex ante moral
hazard problem. In most of the literature health risk is assumed to be exogenous. In this paper I
allow health risks to be endogenous and show that this breaks down the full social insurance result
of Rochet (1991) and Cremer and Pestieau (1996).

This paper also relates to a second strand of the literature which studies the optimal tax



policy and social insurance policy in the presence of private insurance markets (e.g. Boadway et
al (2003, 2006)) and Chetty & Saez (2010)). These papers consider linear income taxes and linear
social insurance policies with health insurance markets that fail due to adverse selection and moral
hazard. They show that the government generally provides a non-zero, generally positive level
of social insurance. The exception is Boadway et al (2003), where it is ambiguous whether social
insurance functions as a tax or subsidy even when health risk and income are negatively correlated.
This paper does not directly contribute to this literature as it does not model insurance markets.
However, it does consider the role of moral hazard in the design of tax and social insurance policies,

thereby contributing indirectly to this strand of the literature.

3 Model

Consider an economy populated by a continuum of individuals and a government. Individuals
make decisions in two periods. In the first period they decide on the level of preventive effort
which affects the probability they fall ill in the second period. In the second period, health states
are realised and individuals make a labour supply decision. The government maximises social
welfare by redistributing income between productivity types and individuals in different health
states. It does so by announcing a tax and transfer policy at the start of the first period, before

individuals choose preventive effort, and implementing it in the second period.

Individuals

Individuals differ in two dimensions: their productivity and the cost of preventive care. There are
two distinct levels of labour productivity. An individual of type n € {ny,ny} where ng > ny can
produce z units of output by providing = units of labour. Cost of preventing illness refers to the
utility cost of obtaining a level of preventive care ¢y. To obtain preventive care ¢y ,an individual of
type 0 needs to provide % units of effort e. Individuals face one of two levels of cost for preventive
care 0 € {61,05} where 6 > 6,.This means that the cost of preventive care is lower for the type
05 individual than for the type ;. 1 denote by f,s the mass of individual of productivity n that
face cost of preventive care 6. The mass of all individuals is normalised to unity. The probability
of being healthy is denoted as 7. The likelihood of remaining healthy depends on the preventive
care level an individual chooses. There are two such levels, m; = 7w(¢1) and 7 = 7(¢2), which
are optimal for type #; and 6 respectively, in the absence of government policy. This two-health
level model is similar to the two-job model by Diamond and Spinnewijn (2011). Individuals choose

their output level and their level of effort to maximise expected utility:
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where superscripts s € {b, g} denote whether the individual is in either a good (healthy) or a
bad (ill) health state. The utility-cost of exerting effort is captured by function H(e) which is
identical for all individuals, increasing and strictly convex. In each state, the individual derives

sub-utility « (cfl, %‘) from consumption ¢, and labour supply %" The sub-utility function has

the following form: wu (c;, %”) =u (c;i —v (%)) Sub-utility function u(-) is identical in both
states and for all individuals, increasing, strictly concave and twice continuously differentiable.
Disutility of production is v (%‘), which is increasing, strictly convex and thrice continuously
differentiable. This functional form for the preferences is convenient as they allow for risk aversion
while eliminating income effects (Greenwood et al, 1988). Consumption and production are related
through state specific budget constraints: ¢ = 2¢ — t9(29) and & = 28 — t°(29) — C. Where C is
the exogenous cost the individual incurs if he falls ill and ¢*(z?) is the non-linear state-dependent
tax levied by the government.

The individual chooses his optimal production and effort levels in two steps. First, before he
knows his health state, he chooses the level of effort on preventive care, taking into account his
type and the tax schedule announced by the government. Second, after he knows his health state,

he chooses the optimal amount of production and consumes the income this yields him.

Government
The government is assumed to maximise a utilitarian social welfare function:

b

W =S flrton) - (4,2 ) + 0 wton-w (2 ) ~ ) )

This utilitarian approach implies that the government is maximizing the sum of individual expected
utilities. The drawback of this welfare function is that there is no concern for the distribution of
utilities, which might be relevant in the case of health risk. However, introducing preferences over
the distribution of utilities, in the the presence of risk, requires one to choose between rationality
and the Pareto principle by Harsanyi’s (1955) aggregation theorem. Fleurbaey (2010) describes
two contenders to the approach offered here. Ex ante egalitarianism requires the government to
be inequality averse over expected utilities and is advocated by Diamond (1967) among others.
A drawback of ex ante egalitarianism, as explained by Fleurbaey (2010), is that a shift in the

distribution of ex-post utilities to one that is more unequal would not matter to the ex ante



egalitarian, provided that the distribution of expected utilities did not change. Another option,
which seems particularly appealing in the case of healthcare, is ex post egalitarianism and is
defended by Adler and Sanchirico (2006). The drawback of this approach is that the Pareto
principle no longer applies and hence the distribution of income does not necessarily respect the
individuals ex ante preferences. This is problematic in the setting of this paper, where individuals
make a choice before they know the state of the world. Fleurbaey (2010) offers a solution to
both of these issues by ranking individuals through an expected equally distributed equivalent
approach. The resulting social welfare function is considerably more complex than the one offered
here. Employing this welfare function would risk drawing the attention of this paper away from
the study of a tax and social insurance schedule to the study of this welfare function. Additionally,
it would frustrate comparison to the previous literature which uses the same utilitarian approach
as I do here. For these two reasons I will use the utilitarian expected utility approach that is
common in the literature with the side note that it would have been an interesting exercise to see
whether the welfare function proposed by Fleurbaey (2010) would have altered results if should
time have permitted.

The government observes the health status of all individuals. It raises welfare by redistribut-
ing income between productivity and health types and between healthy and ill individuals. In
the main model the government can not condition tax policy directly on an individual’s type or
labour and effort choices, as these are private information. This means the government cannot use
individualized lump sum taxation but has to resort to distortionary taxation, creating a trade off
between equity and efficiency. The government thus sets a tax policy t°(z2) where it conditions
tax payments on an individual’s output and health state. The governments budget constraint is

then given by:

D Fualm(@0)t°(2) + [1 = w(g0)]t"(27)] = 0. (2)

n,0
Since the government does not observe productivity or health types directly, it will also need to
satisfy incentive compatibility constraints related to the unobserved characteristics. These are
introduced to the analysis when they are necessary. This means that two IC constraints relating
to productivity types will be introduced in section 3.2 and a further two IC constraints relating to

health types will be introduced in section 3.3.



3.1 A look at the case of the first-best

Before analyzing the full model it is useful to start by considering the first-best case to illustrate the
workings of the model. Therefore, I make two assumptions which I will gradually relax in the next
two subsections. The first assumption is that the government can directly observe the productivity
and health type of the individual. This implies the government can condition taxes on type,
allowing it to use individualized lump-sum taxes rather than distortionary taxation to redistribute
income. I will let go of this assumption from section 3.2 onward. The second assumption is that the
effort on preventive care is directly observable to the government. This implies the government can
offer a tax schedule conditional on the effort level of an individual. The ability of the government
to condition taxes on effort eliminates the moral hazard problem that would occur otherwise. 1
will let go of this assumption in section 3.3.

In this paper I am interested in the case where it is welfare improving for the government to
separate between health types. It is only in this case that moral hazard is an issue that constraints
government policy. Assumption 1 ensures that it is always optimal to separate between health

types, rather than letting all types pool at the low level of preventive care.

Assumption 1: Cost of illness C' is sufficiently high and cost of effort H(-) is sufficiently low,

so that the government wishes to screen between health types in the first and second-best optimum.

To see why this is assumption is necessary consider the case where C' = 0. In this situation
there are no gains of letting type 65 choose the high level of preventive care, as it does not result
in a reduction in cost. Similarly if C' > 0 and cost of effort H (ﬁ—j) is sufficiently high, a utilitarian
government would allow type 65 to choose the low level of preventive care. These two scenarios
are ruled out by assumption 1. Note that if the government can directly observe the effort and
health type and it uses this information to screen between health types, it is as if health risk
is exogenously determined. This implies we can express the endogenous health choice as if it
were exogenous m(¢g) = my, which is convenient for notation. To characterize the optimal tax
and transfer policy in the first-best case 1 solve a social planner problem. It turns out to be
convenient to solve for the optimal allocation in terms of the observable variables 22 and (through
the individual’s budget constraint) ¢?. By allocating 2z and ¢?, the government maximises social
welfare function (1) subject to the resource constraint of the economy. In the first-best case the

social planner solves the following programme:



g b
Zn

Mazimize,, : ;fne[w(d)g) u(ed — v (%)) 1= ()] - ulc® — v (ﬂ ),

Subjectto: Y fuglm(¢o) (25 — ) + [1 = m())(2) — €))] = E,

n,0
where £ = > [1 — w(¢y)|C is the total cost to the government of providing healthcare.
0

Formulating a Lagrangian with A as the multiplier on the resource constraint one obtains:

g
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Define the frequency of individuals of type n that are in a healthy state as F? = > fom(y),
9
similarly for individuals in a unhealthy state F’ =" f,0[1 — m(c9)].
o

The first order conditions with respect to production are:

oL
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the first order conditions with respect to consumption are:

oL

=ut' —\A=0, 4
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where us’ = /(¢ — v <%”>) to shorten the notation. Define an individual’s social welfare
weight in money units as v, = “il,. This is the social value of a marginal increase in the income

of an individual with productivity n in health state s. Equation (4) implies that v = %’l/ =1
for all individuals and hence there is no inequality in utility levels. This implies that there is
full redistribution between productivity types and health states. Combining equation (3) and (4)
shows that v/ <%> % = 1 which implies that the labour supply decision is not distorted in either
health state. Note that an undistorted labour supply and equalized marginal utilities do not imply
that consumption is also equalized. Individuals with a high level of productivity supply more
labour and are compensated through a higher level of consumption.

The first-best allocation can be implemented through a Musgravian separation of tasks (Mus-

grave, 1956). The equity and efficiency branches of government would not have to interact to



implement the allocation found above. Because the government is well informed, it does not have
to condition taxes on observed actions and there is no trade off between equity and efficiency.
The branch of government concerned with equity can redistribute income through the use of indi-
vidualized lump-sum taxation and therefore it does not have to communicate with the efficiency
branch about distortions in the supply of labour. In the next section I show that this separation
of tasks is no longer possible when we reduce the amount of information that is available to the

government.

3.2 Second-best analysis without moral hazard

In this subsection I consider an intermediate version of the full model. I let go of the assumption
that the government can observe productivity and health type directly. I do introduce another
assumption, which will allow for comparison of the results with those of Rochet (1991) and Cremer
and Pestieau (1996) (RCP). I assume that individuals do not choose their effort level to maximise
utility but simply choose to obtain their designated level of preventive care. That is, an individual
with low cost of care always chooses the high level of effort and an individual with high cost of
care chooses the low level. Since individuals always choose their designated level of care, there is
no moral hazard. In this section we thus model health risk as exogenous, as it is in RCP. Note
that we do retain the unobserved heterogeneity in health. Furthermore, I study a second-best
problem without moral hazard. Since the government does not directly observe productivity it
has to condition its tax schedule on output, which it does observe. I will thus introduce two
incentive compatibility (IC) constraints, one for each health state, to screen between high and
low-productivity types. If these IC constraints are not satisfied, it is in the interest of the high-
productivity worker to mimic the low-productivity worker. In this setting the problem of the

government is equivalent to solving this programme:
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where equation (5) and (6) are the IC constraints. They imply that, high-productivity type
obtains a higher level of utility by choosing its designated level of production than it would if it
were to choose the level of production of the low-productivity worker. The Lagrangian with n® as
the Lagrange multiplier for the corresponding IC constraint is:

9 Z

£= 3 fulrton) u(f v (Z) + 0= mton - ut - (2))
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n,0
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The first order conditions with respect to production for respectively the high and low-productivity

are:
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The first order conditions with respect to consumption for respectively the high and low-

productivity type are:

oL
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Combining the first order conditions for the high-productivity type, (7) and (9), yields a production

distortion of zero at the top in both states:

v (ﬁ) L =1.
ng ng

This condition states that the high-productivity types are not taxed at their marginal production
level. This is intuitive, as marginal taxation at production level z raises revenue from individuals
above level z but distorts production at level z. Since there are no individuals producing more

than the high-productivity type, the government raises no revenue by taxing them at the margin
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but it does distort production. Therefore the government optimally does not levy a tax at the
marginal level of production of the high-productivity type. Next, by combining the first order
conditions of the low-productivity type we can characterize the optimal marginal tax rates of the

low-productivity type:

H 1 H 1 H 1
WZ[U’(Z—L>——U'(ZL)—]:1+U'(ZL)—. (11)
nr /) nr ng /) ng N ) Ny

We shall interpret (1 + o’ (;—i> L) as the marginal tax rate in state s at output level z5. This
H ny

condition shows that the government distorts the labour supply of the low-productivity type when
it has to condition taxes on output. This distortion of the labour supply of the low-productivity
type makes it more costly for the high-productivity type to mimic the low-productivity type,
this allows the government to increase its redistribution towards the low-productivity type. In
this model, the amount of insurance the government provides depends on the covariance between
health risk and income. To see why this is the case, note that, in the optimum the government
is indifferent to redistributing an additional euro from the healthy to the ill. If the government
raises an additional euro from individuals in state s, their consumption is lowered by FL Raising
the income of all individuals in group s by one euro raises welfare by Fju3,’ + Fiuj’. Together
this implies:
Flw}, + Flw]  Fhuwl + FPuwl )
F9 F?

where F* = Y F? is the share of individuals in state s and the marginal cost of public funds is

one. This con?iition shows that, in the optimum, the government equalizes average social welfare
in each health state. Equalizing average social welfare between health states does not generally
imply full public insurance against health risk. The reason is that health state reveals information
about productivity type if Cov(n,7) # 0. The government uses this information to improve the
equity-efficiency trade off by not providing full public insurance. It uses health states to, on average,
redistribute more income to the low-productivity types. In the special case that Cov(n,7) = 0, the
government cannot use health states to improve the equity-efficiency trade off. The equity and the
insurance problem are in this case unrelated. The government then provides full social insurance
as individuals are risk averse. If Cov(n,7) > 0 then the government provides social insurance in
excess of full insurance. By providing insurance in excess of full insurance the government is able
to, on average, redistribute more income to low-productivity types as these are more likely to be
ill. Empirically, this is the most relevant case as high-income individuals also tend to be healthier
(Ettner, 1996).

12



If Cov(n,m) < 0 the amount of social insurance is ambiguous. As the covariance becomes
more negative the government decreases the amount of social insurance it provides. If the high-
productivity individuals are those that are ill and and health cost are not too large the government
might use social insurance as a net tax on the ill in order to redistribute from high-productivity

individuals to low-productivity individuals. These observations are formalized in proposition 1:

Proposition 1: In the second-best optimum without moral hazard the government equalizes
average social welfare weights in each health state. The optimal amount of social insurance depends

on the sign of Cov(n,m):
1. If Cov(n,m) = 0 the government provides full social insurance.
2. If Cov(n,m) > 0 the government provides social insurance in excess of full insurance.

3. If Cov(n, ) < 0 the sign of social insurance is ambiguous.

This proposition agrees with some the results of RCP and clarifies some of the driving forces.
They find that if Cov(n,7) > 0 the government provides full social insurance. The reason that
they do not find that the government provides in excess of full social insurance is that they
assume the government cannot offer more than full social insurance. It is clear that the desire of
government to provide social insurance is partially driven by the incentive to use social insurance to
redistribute income without distorting the labour market by redistributing on the health margin.
By employing the information that the health state gives about the likelihood that an individual
is of a low-productivity type, the government can, on average, improve redistribution towards

low-productivity type without additional labour supply distortions.

3.3 Second-best analysis with moral hazard

Now we move to the full model. We relax the assumption made in the previous subsection that
individuals always choose their designated level of preventive effort. We thus no longer assume that
individuals with low cost of effort always choose the high level of preventive care. This allows for a
problem of moral hazard. Suppose that the government provides full social insurance, then there
is no incentive for an individual to exert any effort to reduce the chance of falling ill. Assumption
1 implies that it is optimal for the government to prevent individuals with a low cost of effort
from choosing a low level of preventive care. Therefore the government wants to screen between

individuals of different health types. It needs to be rewarding to both high and low-productivity
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types with a low cost of effort to choose the high level of preventive care. Thus the two IC

constraints take the following form:

ey o () utdy o (1)) 2 i)~ HG), (12)

ng ng TH — TL
2d 28 H((E_Q) —H(%)
u(c%—v(n—i))—u(c’i—v(n—i>) > ;H_WL 27 (13)

In the optimum, only one of the IC constraints can bind, given that individuals have to make a
discrete choice of effort on preventive care. If one of the constraints binds and the other one is
satisfied, then the tax policy is admissible. The constraint that will bind is the constraint on the
high-productivity side. To see why, consider a case where the government provides full insurance
through a transfer 79 on the healthy, that funds a transfer 7% on the ill. Budget balance requires
F9IT9 = FOT*.

Full insurance then implies:

=u(c?, — i —T9) — (b, — ﬁ by —
AVy =u(ch —v T9) —u(cy — v + 1) =0,

ny nNg
= u(c? — i —T9) — (k- i by —
AV =u(c] —v T9) —u(c; —v +177) =0.
nr nr

When there is full insurance IC constraints (12) and (13) are not satisfied. Next, we decrease T
and T° until the both of the IC constraints are satisfied. To see which one will be binding, consider

a decrease in T9 and T° while requiring budget balance:

oAy ., 23 ; Vb 24 oo PP
—7 = (¢ — v - —T9) +u'(cyy — v - +T)ﬁ>0’
oAV, 23 ; b 2 oo PP

~ 579 =u'(c] —wv - —T9) 4+ u'(cyy — v o +T)ﬁ>0'

Remember that marginal utility of income is larger for the low-productivity type: u}’ > u}, and

uj’ > w9, This implies that the utility loss of non-insurance is larger for the low-productivity
type: _8?}@ > —8§¥H . Given that insurance is less beneficial to the high-productivity type it is

the IC constraint on this type that will bind.

The optimal tax policy then solves the following programme:

14
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Forming a Lagrangian with g as the multiplier on IC constraint (12) we have
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The first order conditions with respect to production are:
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The first order conditions with respect to consumption are:

% = Fiug' — NFy + noul + pudy =0
e = = APl -+l =0
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g—é = FPub’ — AF? — Pl =0

Next, if we combine the first order conditions with respect to production and consumption of the

U/(Z;t[)izl
ng ng

This condition shows that the high-productivity type is not taxed at its marginal level of produc-

high-productivity type we obtain:

tion. This implies that the introduction of ex ante moral hazard does not affect the zero at the top
result. The government does not use marginal taxation on the high-productivity type to ensure
that IC constraints (12) and (13) are satisfied. Rather, it uses lump sum taxation conditional
on health state to ensure that it is in the interest of low cost health types to choose the high
level of preventive care. Next, we examine how the government uses marginal taxation on the
low-productivity types. By combining the first order conditions of the low-productivity types we
can characterize the tax schedule of the government.

The unhealthy type is taxed at:

b 1 4 1 4 1
g () Lo () Ly () L )
nrp) ng nNg/) Ny nNg/) Ny

The healthy type is taxed at:
I\ 1 7\ 1 7\ 1
Sk (Z—L> — <Z—L) — =14 (Z—L) — (15)
nr ) ny, ng ) Ny nNg/) Ny
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Where we shall again interpret [1 + ¢/ (%) %} as the marginal tax rate on individual in state s
at production level z7. This expression shows that the labour supply distortion differs between
low-productivity individuals in different health states, because their social welfare weight differs.
Once we know in which health state individuals have a higher social welfare weight, we know which
individual face a higher marginal tax rate. It follows from IC constraint (13) that it is the indi-
vidual in the bad health state who has a higher social welfare weight: 42 > ~¢ . In the Appendiz
I show that labour supply distortions increase as the welfare weight increases. This implies that
low-productivity individuals in a bad health state face a higher marginal tax rate. This is stated

formally in proposition 2:

Proposition 2: In the second-best optimum with moral hazard, the government places a lower

marginal tax rate on the healthy low-productivity type than on the unhealthy low-productivity type.

To see why this makes sense consider a situation in which low-productivity individuals in both
health states face identical marginal tax rates. Suppose that the government now starts raising
the marginal tax rate on the ill. This makes it more costly for the ill high-productivity individual
to mimic the ill low-productivity individual. This allows the government to raise transfers to the
ill low-productivity individual financed by taxes on the ill high-productivity individual. Thus,
by differentiating marginal tax rates, the government can redistribute more income between ill
individuals, thereby improving social welfare. Differentiating marginal tax rates also allows the
government to increase the aggregate amount of social insurance that it provides. By raising
marginal tax rates, the government is able to collect more taxes from ill high-productivity indi-
viduals. This makes it more costly to high-productivity individuals to fall ill, thereby relaxing 1C
constraints (12). This allows the government to transfer more income from the healthy to the ill

individuals and thus provides more insurance and raising social welfare.

3.4 Implementation through social insurance

In this subsection I consider how the optimal policies found in subsections 3.2 and 3.3 can be
implemented through a social insurance and tax policy. There are few governments which differ-
entiate between the ill and the healthy through tax policy. Rather, this is typically done through
social insurance policies. I show that the government could offer all individuals the same tax
schedule, while differentiating effective marginal tax rates between the healthy and the ill, through
an income-dependent social insurance policy. I analyze the case where all individuals face the

marginal tax rate of the healthy type ¢t9(-) but ill individuals face an additional tax wedge through
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an income-dependent social insurance policy. The total effective marginal tax rate of unhealthy

low-productivity individuals then is:
t () + I'(zp) = t"(21) (16)

Where I'(:) should be interpreted as the marginal change in the social insurance payment the
individual receives as income rises. We can then use the identity in equation (16) and the optimal
tax expressions in equations (14) and (15) to characterize the optimal change in the social insurance

payment as income increases:

1) = e - e =l () - () Dy (2) - ()

This expression shows that the optimal income-dependent social insurance policy is equal to the
difference in marginal tax rates under the state-dependent tax rate implementation. We can also
think of the income-dependent social insurance policy as an income-dependent coinsurance rate

on health cost C. The optimal coinsurance rate can be characterized as follows:

a(z)C = 1"(zp) — (7).

1(,b
Where aof-) = d (CZ,L). The optimal coinsurance rate can also implement the state-dependent tax
policy through a common tax schedule for all individuals, combined with an income-dependent

coinsurance rate.

4 Concluding remarks

The design of an optimal tax system depends on many factors that affect incentives. This paper
considered two of these factors: endogenous health risks and labour supply decisions. T attempted
to understand whether heterogeneity in productivity and health risk warranted a policy that differs
between healthy and ill individuals. The main contribution of this paper is that it shows that the
government does want to differentiate in its policy. By differentiating, the government is able
to redistribute more income and provide more social insurance. By increasing the marginal tax
rate on the ill, the government is able to redistribute more income from the ill high-productivity
individuals to the ill low-productivity individuals. Additionally, by increasing the amount of social

insurance the government is able to raise the transfers from the healthy to the ill individuals. In
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subsection 3.4 T showed that instead of offering different marginal tax rates to the healthy and the
ill the government can offer all individuals the same tax schedule and differentiate effective taxes
through the use of an income-dependent social insurance policy. To the best of my knowledge, it
is an original result in the literature that studies non-linear taxation and social insurance, that
the government should use an income-dependent social insurance policy, even if it has access to
non-linear income tax.

My results contrast with the results of Rochet (1991) and Cremer and Pestieau (1996). They
show that the government provides full, non-income-dependent social insurance if Cov(n,7) > 0.
The difference between our results is driven by two factors: the presence of moral hazard in my
model and the difference in the timing of the labour supply decision. Due to moral hazard, as
in Boadway et al (2003), the government does not provide full social insurance. The presence of
moral hazard makes it costly to the government to provide full social insurance, as individuals
will reduce their effort to avoid falling ill. As to the second difference between our results, that
the social insurance programme is income-dependent, this is driven by the different timing of the
labour supply decision. In this paper, the individual chooses his labour supply while knowing his
health state. This means that the government can use the health state to differentiate effective
taxes allowing, it to improve its equity-efficiency trade off and provide more social insurance. In
Rochet (1991) and Cremer and Pestieau (1996), individuals choose their labour supply before they
know their health state. Thus, the government is not able to use health states to improve the
equity-efficiency trade off. And hence in their model, there is no reason to introduce an income-
dependent social insurance policy. Both labour supply models are empirically relevant. The model
in this paper is most appropriate to study the provision of social insurance to workers that face
health risks during their working life. That is, to workers that are able to alter their labour supply
based on their realised health state. The model of Rochet (1991) and Cremer and Pestieau (1996)
is most appropriate to model social insurance for individuals that face health risks when they are
retired, that is for individuals who are unable to adjust labour supply based on realised health
state.

Although this paper establishes that the optimal social insurance programme is income-dependent,
I do not quantify how rapidly healthcare support should be lowered as income increases. This is
an empirical question. A recent literature in public economics develops models that allow for
quantitative analysis of optimal policy. It does so by deriving sufficient statistics that allow for
quantitative results based on empirical elasticities estimates (e.g. Saez 2001, Chetty 2009). For-
mulating a sufficient statistics model with non-linear taxation and moral hazard would allow for

study of the quantitative policy implications of the problem that I analyzed in this paper.
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Appendix

In this Appendix I derive the relationship between welfare weight 7; and production level z7.

Equations (14) and (15) show that the optimal tax rates are characterized by the following implicit

i 1 H 1 H 1
G(b,z)zyi[u'(z]‘) — = (Z—L) —]—H/(ZL) ——1=0
ng ) ng ng ) ny ng/) Ng

The relationship between welfare weight 77 and production level zjdepends on the sign of

function:

b
dzy,
T -
dwy,

The implicit function theorem yields:

i _ocjow_ () mr = (i) 3
v 0G0z (b— 1) <%) % W <%) %

The sign of this expressions depends on the sign of the numerator and the denominator. To
see that the numerator is negative, remember that v(-) is a strictly convex function and ng > ny.
This implies that v’ (;—L) < (Z—L> and hence the numerator is negative.

H nr

To see that the denominator is negative interpret it as a function X (ng;nr) = (b—1)v" (ﬁ) 5 —
H

" <;—i) n% and consider the case where ng = ny. I now use a Taylor expansion to show that this
L

is negative and decreases as ny and nj, are further apart, the Taylor expansion yields:
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Strict convexity implies that the expression is negative at ny = ny, since v”(-) > 0. Note that the
strict convexity assumption can only hold everywhere with certainty if v"(-) > 0. This implies

S S
that v (;—f{) “t(ng —ng) and hence the denominator is more negative as ny and npare further
H

b
apart. Since both the numerator and denominator are negative it follows that % is negative as
L

well.
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