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Abstract

As health expenditure and need for corresponding funding rises, resorting to topping up insurance
can seem natural. Complementary and supplementary insurances are both topping up contracts
and, as such, are treated as one in the theoretical literature on optimal insurance. We argue that
distinguishing them is crucial, and should be considered carefully when defining policies impacting
the structure of the health insurance system, as these two kinds of insurance can have opposite effects
on social insurance coverage.

In this model, the optimal social insurance rate is defined endogenously and varies according
to redistribution and the ex-post moral hazard characteristics of the insurance. This game has
three stages and is solved through backward induction. The optimal social insurance rate is chosen
first, by maximising social welfare. Second, individuals choose their private complementary and
supplementary contracts. In the third stage they decide on their level of labour and consumption of
health and other goods.

Results indicate that whereas the presence of complementary insurance decreases the optimal

size of social insurance, the offset effects of supplementary insurance can improve welfare.

Keywords. Social insurance; health insurance; ex-post moral hazard; topping up; redistribution.

JEL Classification. D82; I13; I18.

1 Introduction

As health expenditure rises faster than social resources, co-pays can be used to mitigate public spending
in health. When these co-pays become important, allowing private insurance to cover them can be
an appealing way of increasing access to care. This kind of private topping up insurance, known as
complementary insurance, is extensively relied on in France, Belgium and Luxembourg. It is purchased
by segments of the population in other OECD countries, including the United states (cf Appendix 1 for
a classification of mixed systems in the OECD). In the literature, the effects of complementary insurance
are assimilated to the effects of other topping up systems. We argue that complementary insurance
generates specific inefficiencies.

Mixed systems of health insurance have been emerging all around the world in an attempt to combine

the benefits of social and private insurance systems. They are often seen as an opportunity to guarantee
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coverage to all, and avoid increasing public spending. Paradoxically, their efficiency and the consequences

of the interactions between private and social insurance have seldom been studied.

There are two types of topping up contracts. Complementary insurance provides insurance for health
goods that are part of the social bundle and insures the share which is not covered by public insurance.
Supplementary insurance, on the other hand, offers insurance for health goods that are not covered by
social insurance. It is common for countries to have a health system characterised by the presence of

both complementary and supplementary insurances.

To see whether the nature of mixed systems has a systematic effect on health outcomes, cost and
consumption, we turn to the latest OECD analysis of health systems (Paris et al., 2010). Descriptive
statistics on life expectancy, spending, out-of-pocket expenses and consumption were computed by type
of mixed system (see Appendix 1 for the statistics and a more detailed analysis). These descriptive
statistics suggests that complementary insurance may have an ambiguous effect on social welfare - re-
ducing out-of-pocket expenses but potentially generating moral hazard. In this context, a theoretical

study of health insurance can make sense of these complex phenomena.

This article is related to two well established strands of the literature on exclusive system of insurance.
The first is on the effect of moral hazard on optimal insurance (for seminal papers see the debate between
Arrow (1963, 1968) and Pauly (1968); the results from the RAND experiment (Manning et al, 1987); and
the contributions of Nyman (1999)). The second strand is related to the rational for social insurance,
and the role of redistribution in particular (see Cremer and Pestieau, 1996; Henriet and Rochet, 2006,
Pestieau, 2003; Rochet, 1991).

Findings in the literature on optimal coverage show that social insurance is desirable when it generates
redistribution and that moral hazard has a negative effect on coverage. In an exclusive system, the first
best scenario, characterised by no moral hazard, is full insurance. Introducing ex-post moral hazard
acknowledges that insured individuals often disregard the effect their consumption will have on their
premiums and consequently consume more than in the first best situation. It is often considered that in
the presence of moral hazard, full coverage is no longer optimal. However, according to McGuire (2011),
even with some price elasticity, full insurance can be optimal if “the marginal utility when sick is high
enough”.

When private insurance for the same health good (i.e. complementary insurance) is introduced,
the moral hazard effect increases and over-consumption rises. When social insurance plays first and
anticipates private insurance, this leads to a reduction of social coverage; when the insurers play simul-
taneously, this leads to over-insurance (Barigozzi, 2006). In these models the only rationale for social
coverage is redistribution. Therefore when individuals are homogeneous in productivity or when wage
rates are heterogeneous and non-correlated to risk, the optimal social coverage is zero (Barigozzi, 2006).
Similarly, Boadway et al. (2006) find that when the social planner observes ability and risk, and can
transfer directly through taxation, then, there is no rationale for social insurance coverage. Consistently,
Petretto (1999) finds that the optimal social insurance rate is negatively related to moral hazard and

the correlation between risk and ability.

The study of mixed systems of insurance focuses on the effect of the introduction of social insurance
on the scope of private insurance (designated as the second margin by Barros et al. (2011)) and on the

nature of the interactions between the insurances. These interactions can be inefficient, as in the case



of increased moral hazard, or efficient as in the case of offset effects. By re-insuring co-payments, com-
plementary contracts deprive social insurance from a tool to limit ex-post moral hazard. The simplest
form of interaction is the effect insuring a second health good has on an initial insurance contract. When
goods are supplementary (and cross elasticities negative) the insurance of the second good will provoke a
decrease in the consumption of the first good, known as an offset effect, which is welfare improving. The
opposite is true when goods are complementary (and cross elasticities are positive). As articles on op-
timal insurance often consider a unique composit health good, the interactions between different health
goods are generally outside their scope. On the other hand, considerations for interactions between

health goods can be found in the literature on the optimal coverage of drugs and formulary contracts.

Apart for the OECD, the World Health Organization and rare empirical articles that make the dis-
tinction between complementary and supplementary insurances (notable examples are Paris et al, 2010
and 2016; Mossialos and Thomson, 2004; Keane and Stavrunova, 2016), these terms are still widely used
indifferently. In theoretical articles, complementary insurance is systematically designated under the
term ’supplementary insurance’ (Petretto (1999); Barigozzi (2006)) and even in Boone (2015 and 2018)
who points out the possible use of the term ”complementary insurance” in this context. In empirical
article, the term ”supplemental” remains widely chosen to characterise complementary insurance (for
example Buchmueller et al., 2004; Jones et al. 2006; Manning and Marquis, 1996; Marquis and Phelps,
1985 and 1987). This choice of terminology makes distinguishing the two topping up contracts impossi-
ble and is an indication that the distinction between these types of contracts remains often unclear. By
introducing a second health good, this article is able to differentiate these contracts and illustrates why,

and when, making the distinction is necessary.

This paper studies the effect of topping up insurance on the optimal rate of social insurance, in the
presence of ex-post moral hazard. This article is in the line of normative literature that studies the
characteristics of an optimal health insurance system. The aim of this model is to analyse the impact
of supplementary and complementary insurance on the optimal social insurance rate. The study of
supplementary insurance is made possible with the introduction of a second health good. In the manner
of Petretto (1999) we develop a three-stage model of backwards induction. The social planner moves
first by choosing the rate of coverage of the social bundle. Second, individuals choose a private insurance
contract which includes complementary and supplementary components. Third, households choose their
level of labour supply, of expenditure on health and other goods.

Results show that interactions between social and private insurance play a central role in the definition
of optimal insurance rates. We find that the optimal social insurance rate depends on the redistributive
nature of the insured health good and we argue that when studying the interactions between social and
private topping up insurances, complementary and supplementary contracts should be distinguished.
Social and complementary insurance have a crowding out effect on each other and increase inefficiencies
linked to moral hazard. Conversely, when the scope of social insurance is well defined, supplementary

insurance can generate efficient offset effects and avoid reverse redistribution.



2 The model

2.1 Households

In this model, there are n individuals, with ¢ = 1,...,n, who face two states j = s, h: being sick
(s ), with a probability ¢;, and being healthy (h ) , with a probability 1 — ¢;. The odds of being
sick is an exogenous variable and can be observed by all. The productivity (w; ) is heterogeneous,
exogenous and private information. The utility function u(.) is function of labour supply (lf ), the
quantity of health goods consumed (z; and z;, both equal to zero in the event of health) and the level
of consumption of a non-medical composite good (CZ ). The expected utility function can be written:
U(.) = ¢iu(cs, w4, 25, 1)+ (1—¢s)u(ct, 0,0,1%). The non-medical good ¢ faces a price normalized to one.

The social planner observes income w;l7 .

Assumption 1: u is increasing and concave in ¢} (with j = h,s), z; and z; and decreasing in I . Labour

supply is lower in the sick state than in the healthy state.

In this model, there are two different types of medical goods. The first health good (z ) is insured
by social insurance, it has a unit price p (with p positive). The second health good (z) is not insured by
social insurance, but by private supplementary insurances only, and has a unit price r (with r positive).
The criteria used to define which good should be socially insured are important and outside the scope
of this article.

There are three sources to finance the costs of z and z: social insurance, private insurance, and
households’ out-of-pockets. Social insurance offers the same rate of coverage to each individual and is
financed through taxes. To cover the risk that the remaining expenditure represents, individuals can
chose ex-ante (before they learn in which state they will be in) to purchase a private insurance contract.
Complementary insurance offers coverage on remaining health expenses of good x and supplementary
insurance offers coverage on the cost of good z . The residual out-of-pocket rate for the health good =z
is referred to as ¢;” ! respectively q;? ! for the health good z. In other words, individuals face the prices
q’ lp and ¢;” ' when they choose to buy a unit of respectively x or z. Provision of insurance decreases

these prices.

Assumption 2: x and z are normal goods, the demand for health goods is negatively related to prices.
In other words, e, gt < O0ande, o < 0, with e e and e e the price elasticity of health good
x, and the price elasticity of health good z. pg®®" and rq*P! are the prices that individuals face for re-

spectively the health goods = and z, with p and r exogenous constant variables. The direct and crossed
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There is no assumption on the sign of e o and e__ 4P The two health goods will be complementary
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price elasticities are: e
if e« <0 and substitute if e i > 0.
Tiyq; Ziyq;

When social coverage varies, individuals can adjust their private insurance contracts. The sensitivity
of this type of adjustment is measured by the elasticities 0og and o4, with o, 8 and v the respective

rates of social, complementary and supplementary insurance.
_ 0xi/0Bi « _0zi/0vi «

Oap = Ox;/0a Bi and Oay = 0z; /0 ;"

Assumption 3: For calculative reasons, we consider that we are in a simplified Feldstein (1972) frame-



work. This partial equilibrium analysis implies that labour is not influenced by health insurance prices

and there is no income effect on health care. In other terms, ‘;Z =0 and drti =gz _ do _ dzn _ )

d dt dM — dM

2.2 The insurance sector
2.2.1 Social insurance

Following the classification from Boadway et al. (2006), the rationale for public intervention in the field
of insurance is threefold: lower transactions costs (including administrative costs), market failures (from
asymmetric information) and redistribution. In our setting, social insurance can be a means of redis-
tribution as, by assumption, the social planner cannot differentiate income taxes according to risk. No
assumption was made on the correlation between risk and income. It is negative (respectively positive),
if low income households have higher (lower) expenditure levels for the socially insured health goods

than individuals with high income, and social insurance will be redistributive (regressive).

Social insurance is financed through a classical linear payroll tax. Individuals will pay T7 = twilf —-M,
according to their state of health j. The tax rate on labour supply () is identical for all individuals. The
lump sum transfers (M) can be positive or negative in order to represent the possible non-proportional
nature of the tax. The social planner provides social insurance for the health good z at a rate a , (with
0 < a < 1) identical for all individuals. If an individual ¢ is sick, the total expenses covered by social
insurance for this consumer is A; = apx;. There are n individuals in the society, therefore the total cost

n
of social insurance is Y _._; ¢; A4; .

The social planner has one objective: maximising the welfare function that is defined as the un-
weighted sum of each individual utility in the society.

maza e W=> 1, U

st « 22:1 ¢ipr; =ty i wil; —nM, with p the Lagrange multiplier of the corresponding maximisa-

tion program.

The government’s budget constraint is such that the total expenditure in social insurance is equal to
the receipt from the linear payroll tax:

Sy Gids =ty diwils + (1= gi)willl — nM
= Z::l Gipzi =t > i wil; —nM = apT = twl — M

Denoting averages with a bar, for example, I; = ¢l + (1 — &)l &, = ¢xs + (1 — ¢y)zh =
Giri+(1—¢)0;T= L3, %

2.2.2 Private insurance

In this setting, complementary and supplementary insurance apply to the same risk of being sick (with

a probability ¢;). Complementary insurance offers coverage on remaining health expenses (1 — «)pz; at

cpl

. . . spl
a premium ;" and supplementary insurance offers coverage on rz; at a premium 7;" . These contracts

are characterized by their rate of insurance (8; and v; , with 0 < 8, < 1 and 0 < 7; < 1) and their

premiums (7' and 737)

5 . ). Premiums vary according to individuals’ risks; as private insurances evolve



on a competitive market the premiums are considered fair, i.e. PHIs make zero profit.

Premiums of complementary and supplementary insurance are actuarial, with 8; and -; the insurance
rates of health goods = and z: ﬂfpl = ¢;(1 — a)B;p and Wfpl = ¢;viT. Bf”l = B;(pz; — A;) = Bi(1 — a)pux;

and B ! = yirz;, with B ! and B? ! the total expenses covered by private insurance.

Households finance social and private insurance through taxes and premiums in both health states.
When they are sick, they face the remaining health expenditure not covered by insurances, R;.

Ri=D;—A; — B = (1 —a)(1 = Bi)pr; + (1 — yi)rzi = quplPCUi + prlmi, with ¢f”" and ¢;*' the
out-of-pocket coefficient rates. Once premiums have been paid their cost is sunk and insurance contracts

reduce the prices individual face for the health goods z; and z; to ¢;* 'p and qr s

2.3 The timing of the model

The game has three sequential steps and is resolved through backward induction. The outcomes of the
previous steps are anticipated making the equilibrium sub-game perfect. First, the social planner defines
the optimal rate of social insurance («*) by maximising the social welfare function. In the second stage,
individuals anticipate social coverage and choose a private contract with a supplementary and a comple-
mentary component. At this stage, individuals vary according to their productivity (w;) and their risk
of becoming sick (¢; ). The information on productivity is private, and the level of risk is known by all.
In the last step it is revealed in which state of nature each individual is and they define their optimal

individual level of labour supply, consumption of health and other goods.

The sections follow the anti-chronological order of the resolution. Section 3.1 studies the maximisation
program of the households once the state is known, Section 3.2 analyses the choice of private insurance

contracts, Section 4 presents the social planner’s choices and Section 5 concludes.

3 The households’ choices

3.1 The households’ choice of labour and consumption

In the third stage, it is assumed that premiums are sunk and taxes are given. Individuals maximise
their utility with respect to the endogenous variables I; , ¢; (plus x; and z; when sick). Premiums

being exogenous, the choice of health consumption levels will depend exclusively on prices pg;" " and

rq;” ! Individuals maximise their utility under their budget constraints. When they are healthy, the
consumption of the non-health good is equal to their income plus the lump-sum transfer, net from
taxes and of the cost of the private insurance premium. c! = w;(1 — )i + M — ﬂfplmi — Wfplzi.

When they are ill, this income is used to buy health goods and other goods. ¢§ + ¢;” lpxi +q;* lrzi =
wi(1 =)+ M — wfpl:vi — wfplzi.

According to Assumption 1, labour supply is higher in the healthy state than in the sick state and
marginal utility decreases with consumption. Consequently, ¢i < ¢! and the associated marginal utility

of income will be higher when sick than when healthy.



The optimal choice of the consumer results from the maximisation of the expected utility. By rear-

ranging these First Order Conditions (FOC) we obtain the following optimality conditions:
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The optimal quantities of labour supply and consumption of health goods and non-health goods sat-

isfy the conditions given by equations (1) to (4).

From (1) to (4) we obtain several results of comparative static, presented in Lemma 1. Denoting

from now on derivatives with a subscript (%’Zj = xa) and p/ = % the marginal utility of the non-health

good.

Lemma 1.

2, s
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(iv) The elasticity between social and complementary insurance rates is equal to:
2,8 s
g%/aa/i _ B ai;f)a +p(1-Bi)p

g = 5 s .
R e T

Proof. See Appendix 2.

Lemma 1 indicates that consumption of health goods increases with their insurance coverage.

3.2 The household’s choice of private insurance

In the second stage, individuals choose their private coinsurance (8; and ~;) among a choice of adapted
competitive contracts. During the previous step, the optimal levels of consumption according to pa-
rameters 3;, v; , « ,t and M were found and described by the optimality conditions (1) to (4). By
introducing these variables in the utility function we obtain the expected indirect utility function:
v; = max giu(c, zi, 2, 13) + (1 — ¢;)u(cl,0,0,1%). The optimal private rates of private insurance are
the results of the maximisation of their expected indirect utility function, with «, t and M exogenous

variables at this stage.

The private insurance problem is solved thanks to the following maximisation program:



Maxﬁ-;,’yi /U(a7ﬂi77i7t7 M) = (biu(cfu Ty Zi, lf) + (1 - ¢i)u(czh707 03 l?)

B and 7} are solutions of g—é’i =0 and 8—’; = 0 with:

Oy
8U s _ aqul _ _/ ¢ s
B =[p* =7l 35- pE; — p(riPag + 7 ) (5)
ov s _ 8qicpl _ /¢ s
i =—[p* — Pl i TZ — p(ﬂplxw + Wiplzv) (6)

Lemma 2 presents some results when derivating by the private insurance rates and is proven in
Appendix 2.

Lemma 2. z; and z; are normal goods, their consumption increases when their price goes down and the

sign of the cross derivatives vary according to if goods are complementary or supplementary.

(i) gz: = —(1 =) wgen
(ZZ) 27::' - —xqspl

(iii) 55 = —(1 — a) zgem
(iv) gfy = —Zgepl

Equalizing equations (5) and (6) to zero and rearranging the terms we obtain the optimality conditions

presented by equations (7) and (8).

Cov(p, pxi) = pgifiprs + ﬁ%ﬁ”ﬁ (7)

Cov(p,rzi) = poi(1 — ) Bipry + pdivirzy (8)

With Cov(p, px;) = ¢ipzi(p® — p) and Cov(p,rz;) = ¢;rz;(p® — p) the risk-sharing gains of insurance.

Lemma 3. Optimal positive interior conditions for private insurance rates f* and v* are given by
equations (7) and (8). The optimal rates of complementary and supplementary insurance are such that
the gain of private insurance is equal to the expected loss from the marginal cost of moral hazard. Private
coverage is positively related to the utility of reducing income dispersion and negatively linked to moral

hazard.

Out-of-pocket payments in the sick state create income dispersion between the two health states
which is costly to risk averse individuals. The first terms of equations (5) and (6) and the term on the
Left Hand Side (LHS from now on) of equations (7) and (8) express the gain caused by the reduction of
the risk, in terms of income dispersion. Cov(p, px;) and Cov(p,rz;) are positive as the utility of income
is increasing and concave and the marginal utility of income is higher when sick than when healthy
(Assumption 1). Note, private insurance, by decreasing the difference in income between the sick and
healthy state generates risk-sharing gains, without redistributing between individuals who face a low risk
(¢; low) and those who face a high risk of sickness (¢; high).



The second terms of equations (5) and (6) and the Right Hand Side (RHS from now on) of equations
(7) and (8) express the cost of moral hazard. The first best solution (i.e. the optimum in a setting
with no moral hazard) is achieved when the effects of consumption on premiums are taken into account
by consumers. In this setting, by increasing private insurance rates, the perceived cost of health goods
x; and z; have gone down and their consumption consequently increased, generating inefficiently high
premiums. This increase in premiums results in a lower coverage; 8* and v* are negatively related to
price elasticities and moral hazard are high than when they are low. When goods are inelastic to price,
the first best solution is achieved and optimal insurance is reached. In this case, full insurance is optimal.

After solving the system given by equations (7) and (8), we find the optimal values:

. Covlp,pri)zy Cov(p,rzi)zs
b ppip(zpzy — xy28)  pPip(l — a)(Tp2y — T428)

«_  Covlprzi)zg  Cou(p,pri)z,
Y pgip(Tpzy — Ty25)  PPip(Tazy — T428)

In the likely case that demand for a health good is more sensitive to its own insurance than the
insurance of the other health good (i.e.: |zg| > |z4| and |z,| > |z3| ), then x5z, > x,25 and §; and ~;

are defined.

Proposition 1. When = and z are substitutes, some private coverage will always be optimal, with B* > 0

and v* >0 .

Proof. Private insurance is always positive when x and z are substitutes:

Cov(p,pri)zy Cov(p,rzi)zp )
Poip(@pzr—ta25) | pip(1—0)(@pay—T728) ~ 0« f;>0and b

As Cov(p, pz;), poiprg, Cov(p,rz;), pPivirzy are all positive, the first terms, F R Py

Cov(p,r2i)xp sis P Cov(p,rz;) Cov(p,pxi)zy
Sop(epz,—nz5) M€ positive. Similarly, P =) (252, —5725) > 0 and 5 p@sra—1.25) > 0. It follows the

sign of the second term is function of zg and z, . When 23 < 0 and z, < 0 (i.e. when health goods are

Cov(pyrzi)zg _ _ Cov(p,pmi)zy
$ip(@szs—ty25)  pbip(@sea—ay25) 0 7; >0
Cov(p,pzi)zy

and

substitutes), then the second terms are positive.
In this case, risk averse individuals will acquire some coverage (5* > 0 and v* > 0) — even if the

price-elasticity is positive and insurance generates moral hazard. O

Full-insurance, * = 1 and v* = 1, can be optimal, even in the presence of moral hazard, if
the difference between the valuation of marginal utility when sick and healthy is large enough (when
Cov(p,px;) > poif;pxs + ﬁgbiﬁrzlg). These findings are in line with the literature on the trade-offs

between risk aversion and moral hazard.

Conditions (7) and (8) implicitly define the optimal private coverage: 5;(«a,t, M) and v;(a,t, M). As

in Petretto (1999), we assume that the partial derivative %ﬁj is negative, making complementary and

social insurance strategic substitutes. At the second margin, social insurance crowds out complementary

insurance.

Interactions between private insurances are measured by the second term of the RHS. As McGuire
(2011, p.351) underlined, when studying the optimal insurance rate, the effect of other insured, and
therefore “overused”, goods must be accounted for. The contribution of the model is to identify and
distinguish the effect of interactions between complementary and supplementary contracts. The effect

varies according to the relations between goods. When z; and z; are complementary, a rise in one private



insurance rate will generate moral hazard and raise both premiums. When x; and z; are substitutes, the
second private coverage decreases premiums. A rise in one health good insurance rate would provoke
efficient offset effects: the consumption of the other good would decrease leading to lower out-of-pockets
and premium levels for both health goods. Consequently, private coverage will be higher when goods are

substitutes, and lower when they are complementary.

Proposition 2. When x; and z; are substitutes, complementary insurance has an efficient offset effect
on supplementary contracts and supplementary insurance has an efficient offset effect on complementary

contracts.

Proof. When z; and z; are substitutes, ., and z3 are negative, and the second RHS term effects pr;” lrz,(g

and pm;? lpxﬂf are negative. O

In presence of ex-post moral hazard, households do not anticipate the impact their extra consumption
will have on premiums. Similarly, individuals do not anticipate that their coverage of one health good

will offset the consumption of the other health good and consequently decrease their premium.

4 The Social planner’s choices

At this stage, parameters «, t and M are yet to be determined. The social planner anticipates the results
of the previous stages. We assume a simple, unweighted, utilitarist function W = 3 v; maximised under

the social budget constraint.

Section 4.1 presents the optimal rate of social insurance a* that maximises social welfare and Section

4.2 the optimal rate t* and transfer M* of the tax system.

4.1 The optimal social insurance rate

Before giving the optimality condition, Lemma 4 presents the derivation results according to « of: pre-

miums, out-of-pocket levels and health consumption; the proof is in the Appendix 2.

Lemma 4.
. 8qcP! —a
(i) T = 1+ 81+ 15 %0ap)
.. oncP! _
(i) 5o = —0iBi(1 + 5 %00s)p
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(iv) = —¢i(¢P +1)
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(vii) %Zj = Loy zgem

(viii)  wPh = —piqSP!

By maximising the objective function with respect to a we obtain:

Z Vo = [ Z GipTi + po Z GipTa 9)
=1 =1 =1
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As,
vo = ppEi + (p— p*)aP pi + (p — p°) g2 — priP'pra — piPirza (10)
equation (9) can be rearranged:

n

n B 3 B b .
cpl spl,., = TZ 1 -1 =
;:1 Cov(b; P p;) + E Cov(b; ¢*P'rz;) +n (b + bCov ( Ay ) )px

=1

b; =
i~ - cpl spl
(b+bcov(b Z))rz;a¢sza+2bw panerw (11)
With bj = —Z7 and b; = 1 Z: L b5 + (1 — ¢;)bl the private marginal utility of the other good’s
consumption; Cov(b qPlpz ) biqP'pz;(b* — b) and C'ov(l_) qP'pz;) = ¢iqPlpzi(b® — b) the social risk-
T, by x;

sharing gains of social insurance; Cov (%, %) = 1577 52 1 and Cov (%, %) = Ly, bia

distributive factors of health expenditure, as defined in the literature of indirect taxation.

Lemma 5. The positive interior condition for the optimal rate of social insurance o™ verifies equation
(11). « is optimal when the social gain from risk sharing and the social redistribution gain are equal to
the social cost of moral hazard.

Social coverage is positively related to the gain of risk-sharing, redistribution, and negatively related

to moral hazard.

The first effect of increasing social insurance is to reduce the variation between the states of natures,
of the remaining cost of the health good z. The decrease in income variation that social insurance
provides is the social risk sharing gain. It is captured by the first two terms Z:Zl Cov(b; ¢°Plpz;) and
Zz L Cov(b; ¢2Plrz;), the sum of differences between the marginal utility of income of the expected out-
of-pocket expense of good x and z, and the marginal utility of income of the out-of-pocket cost in case

of sickness.

The right hand side is equal to the social marginal cost of moral hazard. There are two types of
moral hazard effects. « Z::1 @;pr, expresses the negative effect of an increase in social insurance on the

spl

government’s budget constraint. The second form of moral hazard (21 Lbr? pxa and 21 TP r2,)

is the sum of the impact of the increase of coverage on the individual’s premiums.

The third component of the LHS expresses the social redistribution gain from social insurance. It has
the form of a normalised covariance between social MUI and health expenditure. The covariance between
the net social marginal utility of income and the share of consumer ¢ in the total consumption of health
goods, Cov (f, ;) is greater for goods that are heavily consumed by individuals with a high net social
marginal utility of income. As analysed by Salanié (2011), because of the concave shape of the utility
function, ”these agents, who are privileged by the government in its objective function, are likely also the
poorest”. « varies according to the relation between the distribution of income and health expenditure
pZ. « will be highest when they are strongly positively related, i.e. when the poorest individuals who
consume few other goods are the ones who spend on average the most on the good . Even in the presence
of some moral hazard, full social insurance can be optimal if the redistributive gains are high enough.
Note, because individuals with low incomes have a higher value of marginal utility of consumption, the

social planner favours low income individuals, even when its objective function is an unweighted sum.
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Barigozzi (2006) studies the case with homogenous individuals. In this case Cov (%’i, %) = 0 and there

is no gain from redistribution.

Proposition 3. When the consumption of the health good x is negatively correlated to income, social
insurance is redistributive and o > 0. When reverse distribution is strong, the high-income individuals

buy more = than the low-income group and o® = 0.

Proof. In the absence of supplementary insurance, equation (11) can be rewritten: 22:1 Cov(b; ¢°Plpz;)+
n (b+ bCov (%i, L) — 1) pT =3, adipTa + 3, waplpsca.

When consumption of the health good z and income are negatively correlated, Cov (%, %) > 0,

ijl Cov(b;qSP pa;)+n (B—i—BCov(%,%) —1)pi—z,i;1 Bﬂfplpza
n >
2lim1 $iPTa

if >, Cov(b; ¢Plpai) > >, l;wfplpza, then
0=a">0.
Conversely, when social insurance is regressive, Cov (

iy Covbger'pr)+n (b4bCou (Y, %) ~1)pa- S, b pr .
ST apr <0=a*=0.
=1 $ipTa

Finally, optimal full social coverage can exist, even in the presence of moral hazard if the gains of

b

+ %) < 0, the optimal coverage is null. When

redistribution and risk sharing are high enough.

EZL_I Cov(b;qP pa;)+n (E+ECOU (%",@) —1)pi~—2j_1 l_)wfplpxa
When —— = —

>, ¢ipTa

>l=a" =1 ]

The correlation between income and consumption of the socially insured health good is central. There
will be no social coverage when the health good is regressive.

As in Barigozzi (2006), optimal social coverage is null if individuals are homogenous.

Proposition 4. The optimal social insurance rate o is higher in an exclusive system without comple-

mentary insurance.

Proof. Complementary insurance decreases the effect of the social risk sharing gain and increases moral
hazard, thus reducing o*. In the previous section, the risk sharing gain of private insurance was in-
dependent from social insurance, Cov(p;px;). Because of the timing of the model, this result is not
symmetrical and we find here that, even after simplification, the gain of risk sharing of social insurance
Cov(b; ¢°P'pz;) is proportional to the size of the out-of-pocket rate and is therefore decreasing in ;.
The impact of a on individuals’ out-of-pocket level will be strongest when there is no complementary

insurance or, when the elasticity between private and public insurance is weak. O

Following the classification from Boadway et al. (2006), the rationale for public intervention in the
field of insurance, are: transactions costs (administrative costs), market failures (from asymmetric infor-
mation) and redistribution. Proposition 3 underlines the central role of redistribution in the optimality

of social insurance.

The relation between the health goods = and z is what distinguishes complementary and supplemen-

tary insurance.

Proposition 5. Supplementary insurance has an offset effect resulting in an increase of a* when x and

z are substitutes; it increases moral hazard and thus reduces o when x and z are complementary.

12



Proof. When health goods x and z are substitutes, supplementary insurance will generate efficient offset
effects, reducing consumption of z while increasing a*. Conversely, when health goods are complemen-
tary, private coverage will increase moral hazard. Consequently, the optimal a* will be higher when the
goods are substitutes than if they are complementary.

O

When health goods are substitutes, supplementary and complementary have opposite effects on op-
timal social insurance. Confusing complementary and supplementary insurances can be detrimental in

the design of optimal insurance.

In a previous version of this model, we considered that PHIs had higher administrative costs than
SHI. Results of the previous model indicated that, when administrative costs are considered, the optimal
rate of private insurance is such that the gain of private insurance is equal to the expected loss from
the marginal cost of moral hazard and the cost of administrative costs. In the first best scenario,
when administrative costs exceed a certain threshold, full insurance is no longer optimal. Conversely,
in this setting, social insurance coverage (measured by «) is positively related to private administrative
costs. These results are in line with findings from Boadway et al. (2006), administrative costs increase
the rationale for SHI coverage. Because this specification did not add any novel results, we chose for

simplicity not to include administrative costs.

4.2 The optimal tax structure

According to the maximisation program, the optimal tax rate t* and transfer M* are the solutions of

respectively 9¥ =0 and 4¥ = 0 , which gives us:

dt dM
1
a— ﬁC’ov(b, qulpx‘iﬁM + q,‘jplrz‘fyM) =1 (12)
¢ iy Cov(b, qF'paifi + aF'rziy) + nwl(@Cov (%, k) +a — 1) a13)
1-1¢ Z::1 wiliey
With a; = %‘% + Z:Zl t;w;lpr the net social marginal utility of income (MUI), it is equal to the

social MUI net from the extra tax caused by the extra income. When individuals are healthy, the
marginal utility of consumption is equal to the MUI (y# = c?). This identity does not hold when ill
(v = ¢ + ¢P'pz; + ¢*Plrz). Witha =157 a,.

n

With e = Bw?{_—t) w"'(}ft) = Sw"(}ft) the elasticity of the expected labour supply; Cov (%, %) =
% Z:—1 o wili _ ] the covariance between the expected social MUT and the expected gross labour income
= wl

across individuals - a distributional characteristic of income distribution as presented by Feldstein (1972).

Lemma 6. Positive interior conditions for the tax rate t* and transfer M* are given by equation (12)
and (13).

The lump sum transfer M* is optimal when the net social valuation of the transfer of $1 is equal to
the cost of that transfer plus the gain of risk-sharing for the extra out-of-pocket expenditure.

The optimal tax rate t* follows the Ramsey tax rule, that is, t* is inversely proportional to the

compensated elasticity of labour. It is function of the distribution of income (of the variation of the
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valuation of w) and of the risk sharing loss caused by the reduction of out-of-pocket expenditure caused
by t.

Equations (13) and (14) follow the usual interpretation of optimal linear income taxation. We cannot

exclude a corner solution.

Proof. See Appendix 2.

5 Conclusion

In 2013 the French Council of Economic Analysis (CAE) proposed to forbid re-insuring co-payments
of social insurance, thereby offering to restrict topping up activities to supplementary insurance only
(Askenasy et al., 2013).

In this article, we set out to explore whether complementary and supplementary insurances had the
same impact on social coverage, and to see if there was a case for banning complementary insurance.
In order to do this, we adapted a health insurance model, in presence of moral hazard by introducing
a second health good. Thereby making it possible to study the interactions between complementary,

supplementary and social insurance.

We find that, when the correlation between income and consumption of the health good is positive,
social insurance would be regressive and the optimal social coverage is null, resulting in an exclusive
private system. Conversely, when the correlation is positive, optimal social coverage is positive and can
be equal to one when price elasticity is low. Consequently, optimal mixed systems with complementary

insurance will arise solely when social insurance is redistributive and health demand is elastic.

The main contribution of this article is to give evidence that complementary and supplementary
insurances can have opposing interactions with social insurance and should therefore be distinguished
from one another. Compared to an exclusive system, complementary insurance increases moral hazard
and decreases the beneficial effects of social insurance, resulting in lower coverage of social insurance and
consequently lower redistribution. On the other hand, when health goods are substitutes, supplemen-
tary insurance will have a positive offset effect resulting in an increase in social coverage. When health
goods are complementary, supplementary insurance acts in a similar way to complementary insurance,

generating ex-post moral hazard and decreasing optimal social coverage.

The efficiency of the offset effects of private insurance on social insurance are determined by the sign
of the interactions. We offer to illustrate these effects using examples from the market of eyewear. In
our example, we consider that social insurance participation is restricted to covering part of the cost of
eyeglass lenses; complementary insurance covers eyeglass lenses and supplementary insurance finances
frames and contact lenses. Frames are complementary to eyeglass lenses whereas contact lenses are sub-
stitutes. As the demand for lenses is elastic to price, complementary insurance generates inefficient moral
hazard, resulting in a lower optimal social insurance rate. Similarly, supplementary insurance of frames
generates inefficient offset effects resulting in inefficient extra-consumption of eyeglass lenses. However,
supplementary insurance of contact lenses causes positive offset effects on eyeglass lenses, resulting in an

increase of the optimal social insurance rate. In other words, the social insurance rate for eyeglass lenses
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will be lower if complementary insurance is allowed and when supplementary insurance covers frames;
conversely, the social insurance rate for eyeglass lenses will increase when supplementary insurance covers

lenses.

Our findings are consistent with past articles. As in Barigozzi (2006), when insuring the health good
yields no redistribution gain, social insurance coverage should be null. As in Petretto (1999), the op-
timal rate of social insurance is positively related to the gain of risk sharing and redistribution and is
also negatively related to moral hazard. Consistent with Boadway et al. (2006), the rationale for social

insurance are redistribution and relative administrative efficiency between social and private insurance.

These results give ground to the choice made by many countries to ban private insurance from
re-insuring social co-pays. In countries where complementary insurance is widespread, banning comple-
mentary insurance seems difficult. In this case, reaching towards full social insurance on some health
goods and suppressing SHI contribution for other health expenditure can be considered. When con-
sidering whether to ban complementary insurance or not, the composition of the social health bundle
is crucial. One of the limits of this model is to include only two health goods (one covered by social
insurance and one that is not). Selection considerations are outside the scope of our analysis. Our results
suggest that the goods that should be put in priority inside the social bundle should be foremost valued
by lower income households and have weak price sensitivity (necessary treatments rather than comfort

health goods). These findings complement

References

[1] Askenazy P, Dormont B, Geoffard PY, Paris V. Towards a More Efficient Health System. Les notes

du conseil d’analyse économique 2013;No 8, July.

[2] Arrow K. Uncertainty and the Welfare Economics of Medical Care. The American Economic Review
1963;53 (5): 941-73. https://doi.org/10.2307/1812044.

[3] Arrow K. The Economics of Moral Hazard: Further Comment. The American Economic Review
1968;58 (3): 537-39. https://doi.org/10.2307/1813786.

[4] Barigozzi F. Supplementary Insurance with Ex-Post Moral Hazard: Efficiency and Re-
distribution. Annales d’Economie et de Statistique 2006; No. 83/84 (July):  295-325.
https://doi.org/10.2307/20079172.

[5] Barros P, Siciliani L. 2011. Public and Private Sector Interface. In: Handbook of Health Economics.
Elsevier. Volume 2, 2011, Pages 927-1001 https://doi.org/10.1016 /B978-0-444-53592-4.00015-3

[6] Boadway R, Leite-Monteiro M, Marchand M, Pestieau P. Social Insurance and Redistribution with
Moral Hazard and Adverse Selection. The Scandinavian Journal of Economics 2006;108 (2): 279-98.
https://doi.org/10.1111/;.1467-9442.2006.00446.x

[7] Boone J. Basic versus Supplementary Health Insurance: Moral Hazard and Adverse Selection. Jour-
nal of Public Economics 2015;128 (August): 50-58. https://doi.org/10.1016/j.jpubeco.2015.05.009.

15



8]

[16]

[17]

[19]

[20]

Boone J. Basic versus Supplementary Health Insurance: access to care and the role of cost effective-
ness. Journal of Health Economics 2018;60: 53-74. https://doi.org/10.1016/j.jhealeco.2018.05.002.

Buchmueller TC, Couffinhal A, Grignon M, Perronnin M. Access to Physician Services: Does
Supplemental Insurance Matter? Evidence from France. Health Economics 2004;13 (7): 669-87.
https://doi.org/10.1002 /hec.879.

Cremer H, Pestieau P. Redistributive Taxation and Social Insurance. International Tax and Public
Finance 1996;3 (3): 281-95. https://doi.org/10.1007/BF00418945.

Feldstein M. Tax Incidence in a Growing Economy with Variable Factor Supply. Harvard Institute

of Economic Research Discussion Paper no. 263, 1972.

Henriet D, Rochet JC. Is Public Health Insurance an Appropriate Instrument for Redistribution?
Annales d’Economie et de Statistique 2006;No 83/84: 61-88. https://doi.org/10.2307/20079163.

Jones AM, Koolman X, van Doorslaer E. The Impact of Having Supplementary Private Health
Insurance on the Use of Specialists. Annales d’Economie et de Statistique 2006;No 83/84: 251-75.
https://doi.org/10.2307/20079170.

Keane M, Stavrunova O. Adverse selection, moral hazard and the demand for Medigap insurance.
Journal of Econometrics 2016;190 (1): 62-78. https://doi.org/10.1016/j.jeconom.2015.08.002.

Manning WG, Newhouse JP, Duan N, Keeler EB, Leibowitz A. Health Insurance and the Demand for
Medical Care: Evidence from a Randomized Experiment. The American Economic Review 1987;77
(3): 251-77.

Manning WG, Marquis MS. Health Insurance: The Tradeoff between Risk Pooling and Moral
Hazard. Journal of Health Economics 1996;15 (5): 609-39. https://doi.org/10.1016/S0167-
6296(96)00497-3.

Marquis MS, Phelps CE. Demand for Supplementary Health Insurance. Santa Mon-
ica, Calif.: RAND Corporation, R-3285-HHS, 1985. As of December 12, 2018:
https://www.rand.org/pubs/reports/R3285.html

Marquis MS, Phelps CE. Price Elasticity and Adverse Selection in the Demand for Supplemen-
tary Health Insurance. Economic Inquiry 1987;25 (2): 299-313. https://doi.org/10.1111/;.1465-
7295.1987.tb00741.x.

McGuire T'G. Chapter Five - Demand for Health Insurance, 2011. In: Pauly M, McGuire TG, Barros
PP, Handbook of Health Economics. Vol. 2 of Handbook of Health Economics. Elsevier, pp. 317-396.

Mossialos E, Thomson SMS. Voluntary health insurance in the European Union. World Health Orga-
nization. Regional Office for Europe European Observatory on Health Systems and Policies. Copen-
hagen : WHO Regional Office for Europe 2004. http://www.who.int/iris/handle/10665/107601

Nyman JA. The economics of moral hazard revisited. Journal of Health Economics 1999;18 (6):
811-24. https://doi.org/10.1016,/S0167-6296(99)00015-6.

Paris V, Devaux M, Wei L. Health Systems Institutional Characteristics: A Survey of 29 OECD
Countries. OECD, Directorate for Employment, Labour and Social Affairs, OECD Health Working
Papers 2010;50. https://doi.org/10.1787/5kmfxfq9Iqbnr-en.

16



[23] Paris V, Hewlett E, Auraaen A, Alexa J, Simon L. Health Care Coverage in OECD Countries in
2012. OECD Health Working Papers 2016;88. https://doi.org/10.1787/5jlz3kb{7pzv-en.

[24] Pauly, MV. The Economics of Moral Hazard: Comment. The American Economic Review 1968;58
(3): 531-37. https://doi.org/10.2307/1813785.

[25] Pestieau P. 2003. Social Insurance and Redistribution. In: Alternatives for Welfare Policy, edited
by Torben M. Andersen and Per Molander, 238-54. Cambridge: Cambridge University Press, 2003.
https://doi.org/10.1017/CBO9780511493508.011.

[26] Petretto A. Optimal social health insurance with supplementary private insurance. Journal of Health
Economics 1999;18 (6): 727-45. https://doi.org/10.1016/S0167-6296(99)00017-X.

[27] Rochet JC. Incentives, Redistribution and Social Insurance.The Geneva Papers on Risk and Insur-
ance Theory 1991;16 (2): 143-65. https://doi.org/10.1007/BF02386304.

[28] Salanié B.The Economics of Taxation. The MIT Press, Cambridge, MA, second edition, November
2011. ISBN 978-0-262-01634-6.

Acknowledgements

The author thanks Florence Naegelen, Jérome Wittwer, Mathias Kifmann, Clémentine Garouste for their
useful comments.
Declarations of interest: none. This research did not receive any specific grant from funding agencies in

the public, commercial, or not-for-profit sectors.

Appendix

Appendix 1: Analysis of health expenditure according to the insurance sys-

tems

A classification of countries according to the insurance systems

In addition to complementary and supplementary systems, mixed systems can take a duplicative
form, also known as opting out. In this setting, individuals can decide to renounce socially covered
insurance and consume a private alternative. Private insurance covers the costs of alternative goods that
are outside of the social contract, but individuals must pay for social insurance regardless.

As presented in Table 1, according to the most recent data from the OECD (Paris et al., 2016),
there are nine countries with supplementary and complementary insurance; five countries with supple-
mentary insurance only; ten countries with duplicative private insurances; six countries with no private
health insurance. There are no countries where complementary insurance exists without the presence of
supplementary insurance.

Among the fourteen countries where supplementary insurance exists, covering cost-sharing expenses

through a complementary contract is allowed in nine countries only.

Two example of complex topping up systems are France and the United States. In France, most

health goods, including psychotropic medications, are covered in part by social insurance. Apart from a
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Type of insurance system OECD Countries

Supplementary insurance only Australia, Canada, the Netherlands,
Sweden and Switzerland
Supplementary and Austria, Belgium, Denmark, Finland,
complementary insurance France, Germany, Korea, Luxembourg and Portugal
Duplicative systems Australia, Greece, Ireland, Italy,

Mexico, New Zealand, Poland, Portugal,
Spain and the United Kingdom
No private health insurance Czech Republic, Hungary, Iceland,
Norway, Slovak Republic and Turkey

Table 1: A classification of OECD countries according to their private insurance systems.

two euro co-pay per prescription that cannot be re-insured by private insurance companies, the remaining
costs may be covered by a complementary insurance contract. On the other hand, other goods such as
psychotherapy sessions or ostheopathy are not covered by social insurance and can be privately insured
with a supplementary contract. Contracts often combine both types of insurance and enrolees are not
aware of this distinction. In France 95% of the populations have a complementary contract.
Complementary systems are present and developing in other countries but, as in the United States,
only affect part of the population. For instance, Medicare patients can be covered by complementary
and supplementary contracts. Since 1996, the Medicare plan offers social insurance to Americans over
65 who have contributed to its funding. A variety of contracts known as Medigap, offer complementary
insurance to cover part of the co-payments left by Medicare. Until 2006, Medicare did not cover any
costs related to drugs. Pensioners who wished to insure against this risk could buy specific Medigap

contracts which offered this supplementary component.

Health expenditure and outcomes according to the insurance systems

Table 2 presents statistics of health expenditure and health outcomes in the OECD according to
private insurance systems. These descriptive statistics do not account for other factors that can influence
these outcomes (GDP, environmental factors, how health providers are contracted or regulated...).

These statistics reveal a lack of significant difference in life expectancy of the total population across
mixed systems of health insurance and an unclear effect on total cost. Overall, public and total health
expenditure are higher in countries with supplementary insurance. Indicators of health consumption
and life expectancy are also higher. Intuitively, complementary insurance should reduce out-of-pocket
levels but increase moral hazard. The evidence shows that indeed, out-of-pocket levels are lower in
countries with complementary insurance than in topping up countries with supplementary insurance only
(respectively $46 and $612 a year and per capita). There also seems to be evidence of extra-consumption:
the number of Magnetic Resonance Imaging and Computed Tomography Scans, and the average length of
stay in hospital are consistently higher. More surprisingly, the overall level of private funding in countries
with both supplementary and complementary insurance is lower than in countries with supplementary
insurance only. The level of social insurance is higher in countries with complementary insurance. The
annual growth rate of public spending is lower in countries with complementary insurance, suggesting a

greater possibility of transferring social spending onto complementary insurance.
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Table 2: Descriptive statistics of health expenditure in the OECD according to private insurance systems

(Source: Paris et al., 2010).
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Appendix 2: Proofs

First Order Conditions

The budget constraints can be written consumption equal to resources: cf = w;(1 — )l + M —
ﬂfplxi — Wfplzi when individuals are healthy and cf + qulpxi + qulrzi =w;(1—t)l5+M — ﬂfpla:i — ﬂ'fplzi
when they are sick.

The optimal level of labour, consumption of health and non-health goods are defined thanks to a
classical maximisation program. We propose to resolve that program using a Lagrangian; the maximi-

sation programs can be presented as follows:

In the healthy state:

Maz u(cl,0,0,11)

st cf =w;(1—t) + M — Wfplxi — ﬂfplzi

L =u(c0,0,10) 4+ p(ch —w;i(1 = )1 — M 4+ 7'z, + 7P 2)

In the sick state:
Max u(ci, z;, 2z, 13)
st ¢ + qulpxi + qulrzi =w;(1 =)l + M — Wfplmi — ﬂfplzi

L =u(cf, x4,y 2i,05) + Nc§ + qulpzi + qulrzi —w;(1=t)lf — M+ wfplzi + wfplzi)

%

First Order Conditions in case of health:

dch T8k
FOC2: 2 =0 & 2% —pwi(1—1)=0

We deduce relation (1) by substituting FOC 1 into FOC 2.

First Order Conditions in case of sickness:
FOCL: 2L =0 & 2L 4A=0 & A=-24

ac; ¢ i
FOC2: 8L =0 & &% —dw(1-1)=0

At this stage social health insurance structure is known and private insurance has already been

cpl spl
purchased: 8;;5 = 8;; =0.
FOC 3: 5 =0 « 9% 4 \pg? =0
: i l
FOC4: 8L =0 & &4+ rg” =0

Thanks to the first two order conditions, we deduce relation (1) and (2). Thanks to FOC 1 and 3,
we deduce relation (3). Thanks to FOC 1 and 4, we deduce relation (4).

Lemma 1

According to the implicit function theorem, if F'(z(«), o) = 0 then, g—i = —%.

The optimality conditions (equations (1) to (4)) give us five relations equal to zero and several results

of static comparative are derived.

92u® s
u u z; Yzi(a),0)/0c 5o 5a tP(1=Bi)p
Fl(xi(a),a) = §% — p(1 - a)(1 - §;) 4% therefore, G2 = — Firala)fn — 0 fr > 0.
’ ;2

F'(xi(8:), Bi) = 6%_ —p(1—a)(1 - ﬁi)% therefore,
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Dui _ _OF' (i(B)B)/dB _ _ mEdmtr(=a)e’ o

B — T OF(wi(Bi),Bi)/dmi — %
22y

811/8(1 Oz ;0 +p(1 Bl)p

Consequent] = = , which gives us:
4 Y 9wi/0F, 8$255 +p(1—a)p® &
5%/ 55 +p(1-Bi
Oup = = /gﬁ =& W# the elasticities between the social insurance rate and private
asPi Y o 08, +p(1—a)p®

complementary insurance rate.

FZ(Zl(’YZ)?’YZ) = {?TU - T’(l - Vl)% therefore,

a2 s
9z _ _ OF(zi(v:)i)/0vi _ 207, 17P >0
Ovi — OF(zi(v:)vi)/0zi 22y :

(3

F3(c3(t),t) = 24w (1 — t)+ 2% therefore,

s_ 82
ot _ _ OFe;w).0/or _ M o
) GO RV = :
i
Lemma 2

Lemma 2 presents the impact of private insurance rates on out-of-pocket expenses, premiums and
health consumption.

Relations (i) to (iv) are derived using simple derivation of ¢ (8,7), ¢*'(8,7), =X(8,7), =*'(8,7),
7408, (8,2, 477 (8,7)) and 2 (B, 477 (8,7), 41" (8, 7)) by s and s with: §5 = Doy T 4 Doy, S0l

Ox; __ Oz 6‘11‘ + Oz aqi rt
ovi qupl 0, aqul Oy, °
Lemma 3

and

The optimality condition demands

_ aacl ou Ol dx; | Ou 9z du Ock | pu 0] _
55 = ¢l{u *azuaﬂ*aiagﬂfa%afai}Hl*‘f’i)[ﬁaﬁi*ﬁam}*0

ov _ 4 Bu [0 8L e oncr! e ol ¢t v ° 92 e 9gP oc agP ou Ol°
8B; — 71 ocs [Bl? B + cvl a5 "' spl a5 + oa; 0B T 821 B; + cpl a5+ ag;”" 9B +0i s ol? 9B;

8 Bl
R ARRE 2

u dz; Ou 9z 4 du | 9c al acl amcP! ach o
‘75%895 9B; +¢laz B; +(1 @) cl [ang 95, "’ cpl 95, + svl 95, "‘ax 8ﬂ

After simplifying using the FOCs presented in the equations (1) to (4), it follows:
D= —ip*di(1 — )pi + Gip™ (1 — a)prs — ¢ip*w¥ prs — dip*m;Przg — (1 — 6i)p"di(1 — )pa; —
cpl s l
(1 - ¢z>phﬂ- P pr; — (1 - (bz) h p rzg

According to the optimality condition,
[p* = pl(1 — a)pT; — pgiy;rzs =0

[p° = ploipzi(1 — o) = pdi(1 — ) Bipx s + pPiy;72p]

By definition, Cov(p, px;) = p°¢iprs — ppTs = p°Pipx; — pPsprs = (p° — p)Pipx; therefore:
Cov(p, pr;)(1 — ) = ppi(1 — a)Bipxs + poiy;r2p

Cov(p, pzi) = 7= pdi (1 — &) Bipxs + ﬁﬁ@%mﬁ
Cov(p,pxi) = ppifBiprs + ﬁ@ﬁmﬁ (7)

Similarly, we find:

9 aﬂfpl aqw spl cpl
07,;)1. = _¢ips< ;i + oy, ) T# (Z)zpsﬂ- bzy — ¢zps77 Pxy
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spl

—(1 — ¢3)p" ( rzi + Pz, 4 Wfplva) and Cov(p,rz;) = poi(1

Lemma 4

Lemma 4 results from simple derivation.

epl
() B =—14Ai— (1= a)fa=—1+Bi(1+ 2200s)
.. onsP —a
(11) e = ¢z((1 - Oé)ﬁa - B)p = _(biﬁi(l + 170'&,8)]7
T, z; O _ —
) 9 = 25 2 (51 4 15000g) — ey = (B0 + 152005) — o
(v) 7 =il + )
g ;

(V) gal = *’Valga'y

. 67':'5JD )
(VI) - ¢Z’7a7a - ¢i%ga'yr

.. 2 2 O 5
(Vll) %a = (:)?ZSDZ 8qoz7j = 7"}/042(15171 = %O’aﬂfzqszjl
(Vlll) 5pl ¢ qspl

Lemma 5

Maximising the objective function

U=>"_vi—plad_ ¢ipri —

>0 wil; — nM] according to o gives us: 9L = 0.

21;1 Va = M 21‘:1 GipT; + po 21‘:1 ®ipra (9)

ov __ Ov v 9B v Oy __ 8u 4\ Ou
With, 55 = 5o + 989a T oyoa = Pida + (1= )54

(at the optimum (%J = @ =0).
v _ . du [8c 8L 8(" 67r§P’ dcs  omsP! , 8(' dz, acs s des 8q1
da T Tk |:8l$ 9o + 371—;1’1 O + aﬂ—;ﬁ‘Pl O + ox; 8a + CPL O + aqul

ach dih el onsP 8("‘ aﬂSPl (' 3;@1 8('? 9z;

o) ol 3 el i o) ) i A i A 1
+¢137$ul az +¢13u o (1_¢i)8;§ [81? do + ncPl Do + o bpl 804 + oz + 0z aa}""_(l_qbi)

Using the results obtained in Lemma 2:
arer! sl
% = _(bips |:pgj1 T _|_7T;‘Pl 617 +7Tepl 321 +pl‘1

dq Lpl 6q:pl
+7rz; P

or
+rzi—h

5P

_(1_¢i)ph|: aa pxz+ é)a TZZ—i—pOwL _|_T(92L Spl]

epl 87er1 epl spl

) or; . 9q; q; —_cpl —_spl
ﬁ =—p (pxz e + 9a TZl) - ¢il)§p (.131 +rz; Dex ) — P PTo — P TZa

By factorizing thanks to Lemma 4 (viii) we get:
_ _ Hg°Pl

82 = ppwidi(1+ q") + poiqil'rzi — $ip® (pri g + 72
_ ~ - _ -~ cpl

S = ppii + (p — p°)gP' i + (b — p*)ail'rz; — pry” pro — pr;”

pl
agla ) — pﬂ'c”lpz ﬁwfplrza
'rze (10)

By mtroducmg equation (10) in equatlon (9) and rearranging the terms we find:

S P e =S P

By dividing by p and adopting the following notation b* = p—; Db = %h and b = ¢b®

s h _
0" +1=0)0" _ P e get:
7 7
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du Ol
} +¢i dl da

+(1

@) BipTy + pPivirzy (8).
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al? oo

TZa— Zz 1 PWCplpiEz Zz 1 (bzps CPlpzz = HUp Zz 1 ¢7,131+,U04 Zz 1 OiPTo
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S " - n I n e
D bﬂ'gzplpxi =D i1 9ib° gplpxi — NPT = Y QPiPTia + 0T PpLia + 3y b2

Which can also be written: Z:=1 Cov(b; qcz)lpl’z)JrZZ 1 Cov(b; ¢ZPlrz;)—n (1 — b — bCov (7 L)) pa+
n(b+bCov (%,2))rz = Y, agipra + S b, + 3 bz

Lemma 6

The necessary condition for optimal rates ¢ and M presented in Lemma 6 are solutions to the equa-
tions: % =0 and d‘I’ =0.

v; is the 1nd1v1duals indirect function solution of maximisation program
vi(a, B (o, t, M), v (o, t, M), t, M) = mazx u(c;, x4, 2i, 1i)

According to the simplified Feldstein framework there is no income effect on health care demand
xy = z2p = 0.

The individual’s budget constraint in both states is y/ = w; (1 — t)IJ + M — 7'z, — 7'z,

Therefore, the expenditure function can be written:

ei(ui, t, M) = wi(1 — )" + M — nPlgr — mPlzr,

3 K2

BBTZ = vp 4+ V8Bm + Uy

_ [ — [ [ — — [ l
D =vom — (p° = P pEiBar — (i ws + 7" 25) Bas — (0° — )P rZiyns — p(m ey + 77 20 )y
ov

[ _
o = var — Cov(p, ¢ p&iBar + ¢5P'rZivar)

According to the envelope theorem:
g]\\%ia?\/[zz lvli'u’G?W[ Zl 1¢1'pl'1 Z 1wll +7’LM}—O

> i=1 31 P = HZZ 1 aM [a¢zp$z tw;l; + M]

n Cov(p, 4P pai Bar+aP rziynr) n
VM B ol — .
2o m = 2z [—twilar +1]

> iz [ + twily] — Cou(b, qulpfiﬁM + ¢Plrziyn) = n

i ‘a3 : __ Ou; Qe . Ou,
According to Roy’s identity, vy, = — Sy AT = oy

By definition, the net social marginal utility of income is equal to the social MUI net from the extra

tax caused by the extra income. It can be written a; = a" 1 + tw;ly with, a = %Z;l a;. This gives

us: "
1 ou 1
— — +twiln] — —Cov(b qag "paiBar + 7 Plrziym) =1
"= ay’
1
a——Couv(b, qF'pTiBy + ¢ rzvn) =1 (12)
v

St = vt g8t + vyt
According to the simplified Feldstein framework there is no income effect on health care demand

.It:Zt:O.

- _ i !
G = v, — (p* = p)aF pEiBy — p(miPag + w5 2p) B — (0° — P)aP Tz — PSPy + TP 2 )
9 = v, — (p* = P)aF pTiBe + Pz
v

[ _
% = v — Cov(ps, 4 pTiBe + ¢SP'rzivt)

The Slutsky equation allows to distinguish the effect of the change in net wage rate w; into two

components. The first component is the compensated term which shows the substitution of the quantity
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of labour when the net wage rate changes. It is also known as the Slutsky term, noted S . The second
term is the income effect. According to the Slutsky equation: % = ( ) +1; % 51 =S+ 51 Therefore
= (S+1LigH) (—ws) + 9 2{7 = —w;(S + liln).

w; (1—t)

We obtain S = ¢ ( o) by rearranging the elasticity of labour supply: ¢; = %T =

w; (1—t)
S=—.
By definition, the covariance between the expected social MUT and the expected gross labour income
across individuals is equal to:

0= Cou (3, 25) = B (320) ~ B (3) £ () = £ 5L, 32 -1

l a wl wl wl

Therefore, nawlf + nawl = 2;1 a;w;l;

aa‘f = ot Ez 1U2+Mzz 1at[a¢zp$z twifi“‘M]:O

n

Zi:l % = —U Zi;l[agbipxt + ’LUle + th%]

n

> ey v — Cov(pi, qf "D By + EPrziy) = —p S [aip0 + wil; + tw;ly]
Zz 1 H COU(b q5 pxzﬂt + q,yp T’Zq,’}/t) Zizl M[l - twi(% + ZM)]

: . . _ Ou; Oe; __ ou;
According to Roy’s identity, vy = — By ot = —w;l; ay‘

— D e 1[23 ,iwzl + tw;lprw;l;] — Cov(b, qag’ i By + EPlrziy) = —nwl + >, wilitwiifllﬁ]

- Zz 1 azwz % COU(b qB pxzﬁt + q TZ 'Vt) = _nm + 1t 7 Zi:l wiliell

—nawlCov (al %) — nawl + nwl — Couv(b, qB pxlﬁt + q“’plrz‘fyt) = ﬁ Z:zl wil; ey
Tt _Zi:l Cou(b, qﬁ Lpa; Be+as? rzl’yt)Jrnwl(aCov(al wlll)Jra 1) (13)
1-t = Z,L 1 Wi l €11
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