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1. Introduction

Health is an important determinant of wellbeing and productivity with internal and external
benefits (e.g., Strauss and Thomas, 1998; Bloom and Canning, 2000). Empirical evidence
indicates a positive effect of health spending on health outcomes (Wolfe and Gabay, 1987,
Hitiris and Posnett, 1992; Cremieux et al., 1999; Or, 2000; Kim and Lane, 2013). Empirical
evidence also suggests substantial economic costs of poor health and external benefits of health
improvements through preventive and curative health care (Loeb et al., 2010; Bloom et al.,
2020a; White, 2021; de Courville at al., 2022). For example, infectious diseases lead to adverse
macroeconomic effects (Bloom et al., 2020a) and workplace productivity losses (due to
presenteeism or absenteeism with or without sick leave) as well as mortality unrecognized by
individuals (de Courville at al., 2022). Influenza vaccination provides substantial external
benefits by reducing influenza-related mortality and illness-related work absences (White,
2021; Acton et al., 2022). However, market failure occurs when firms benefit from the
productivity of healthy workers but cannot directly observe individuals’ health status
(Sauermann, 2016). Without a link of the wage to a worker’s health status, workers overlook
the contributions of their health investment to average productivity.

When workers’ health status has an external contribution to average productivity,® the
social return to health spending is higher than the private return. Thus, health externalities to
productivity lead to low health spending which may in turn cause low productivity (the
opportunity cost of time raising a child), longevity, savings and labor but high fertility as in
developing countries. By contrast, most OECD countries have universal public healthcare and
US employers often subsidize health insurance for workers. The public or firms’ health
subsidies may lead to high longevity, savings, productivity and low fertility.

However, health externalities to productivity are often absent in models of health, savings,
fertility. For instance, better health raises labor, income, longevity, and savings but lowers
fertility (Bloom et al., 2007; Bloom et al., 2020b). Public health spending increases longevity,
savings, growth, and welfare (Chakraborty, 2004). Public health subsidies enhance longevity
and welfare but reduce savings and future output without old-age labor (Zhang et al., 2006).
Optimal health subsidies depend negatively on public pensions (Pestieau et al., 2008). In an
R&D-based growth model (Kuhn and Prettner, 2016), expanding public healthcare beyond the
growth-maximizing level can be Pareto superior. With a negative externality of longevity on

! This externality is in line with empirical evidence that workers’ productivity rises when coworkers are more
productive in the workplace (e.g., Falk and Ichino, 2006).

1



annuity returns and without old-age labor, combining social security with public healthcare can
attain socially optimal outcome (Yew and Zhang, 2018). Studies on employer-based health
insurance against individual health shocks explore its effects on wage, labor, and welfare (e.qg.,
Dey and Flinn, 2005; Jeske and Kitao, 2009; Feng and Zhao, 2018; Feng and Villamil, 2022).

This study aims to investigate health spending, fertility, labor supply, savings, longevity
and appropriate taxes and public or firms’ health subsidies to attain the socially optimal
allocation in a lifecycle-dynastic model with health externalities to productivity. Departing
from lifecycle models where health spending only extends longevity and retirement lives,
health spending here has external benefits for the average health and productivity of the labor
force and private benefits for longevity and working life at old age. The dynastic model also
has two-sided intergenerational transfers in contrast to standard overlapping-generations
models.? The costs of raising a child consist of forgone earnings for time-intensive childrearing,
bequests, and inter-vivos transfers between young and old parents.®

This study makes the following contributions. First, health externalities to productivity
cause low health spending, longevity, productivity, labor and savings but high fertility because
perceived private returns to health spending are below the social return. Second, appropriate
taxes and subsidies can attain the socially optimal outcome through age-specific rates of health
subsidies financed by age-specific tax rates on labor income. Intuitively, health subsidies
increase health spending by lowering the private cost of health spending. The rise in health
spending, particularly at young age, increases longevity, old-age labor and average productivity
(the time cost of rearing a child), thus lowering fertility and raising young-age labor. However,
taxes on young-age labor income reduce the time cost of childrearing (after-tax earnings), thus
increasing fertility and decreasing young-age labor. Tax deductions or subsidies on old-age
labor income encourage old-age labor and health spending, thus increasing parental transfers
to children (transfer cost of raising a child) or decreasing transfers from young to old parents.*

It is also optimal to finance health subsidies by consumption taxes and opposite taxes or
subsidies on savings and capital income. Intuitively, consumption taxes reduce the relative cost
of childrearing. Subsidies on savings raise the return to savings and reduce the bequest cost of

raising a child, while taxes on capital income reduce the after-tax return to savings.

2 Existing evidence finds intergenerational transfers within families (Laitner and Juster, 1996; Altonji et al., 1997).
3 For instance, altruistic parents are willing to ease the tax burdens of public transfers to the elderly on children
by giving bequests as in Zhang (1995).

4 Weinzierl (2011) argues that age-dependent taxes are useful for Pareto improvements in a model with private
information for earnings ability in the absence of investment in capital and health.
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Third, firms® health subsidies in terms of employer-based health insurance for profit
maximization mitigate the efficiency loss of the health externalities by increasing health
spending, thus increasing longevity and productivity (the time cost of raising a child). As the
positive effect of firms’ health subsidies on the cost of raising a child decreases fertility, firms’
health subsidies alone cannot attain socially optimal fertility. Thus, firms’ health subsidies and
appropriate taxes can achieve the socially optimal outcome when their opposite effects on the
cost of raising a child just correct the excessive fertility that arises from the health externality.
Firms’ health subsidies also ease the financial burden of universal public healthcare.

For quantitative implications, we calibrate the model to match observed longevity, savings,
fertility, output per capita, health-spending shares of output, taxes, subsidies and public
transfers to the elderly in Australia with available data and a universal healthcare system. From
the Australian tax system, the levels of young- and old-age health spending, young-age
consumption, longevity, capital per worker and output per worker are above their laissez-faire
levels but below their socially optimal levels. However, old-age consumption is above its
socially optimal level, while fertility is lower but young-age labor is higher than their laissez-
faire and socially optimal levels. The low fertility is possibly due to low savings subsidies and
high public transfers to the elderly in Australia. The results suggest policy improvements in
Australia such as raising health and savings subsidies and consumption taxes or reducing labor-
income taxes and public transfers to the elderly.

The results in this study are broadly consistent with available empirical evidence. First,
there is a positive association between health improvements and income or economic growth
with a causal link running from income or growth to health (Ettner, 1996; Smith, 1999) or from
health to income or growth (Bhargava et al., 2001; Weil, 2007). Second, there is a positive link
between income, health, and longevity (van Doorslaer et al., 1997; Widman, 2003). Third,
health relates positively with productivity (Strauss and Thomas, 1998; Bloom and Canning,
2000; Schultz, 2002; Bloom et al., 2022) and with labor supply, especially at old age (Au et al.,
2005; Disney et al., 2006; Cai, 2010).

The rest of this study proceeds as follows. Section 2 introduces the model. Section 3
establishes the socially optimal allocation. Section 4 characterizes equilibrium allocations and
derives socially optimal subsidies and taxes. Section 5 explores quantitative implications at
steady states. Section 6 characterizes equilibrium allocations with firms’ health subsidies and
derives socially optimal taxes and firms’ health subsidies. Section 7 presents discussions and

conclusions. The Appendix contains all proofs.



2. The model

The model has an infinite number of periods. Each period has three overlapping generations:
children, young and old parents. Children make no decision. The length of young parenthood
equals one and that of old parenthood, T(h,_;, m;):R% — (0,1), increases with health

spending at young age h;_; and at old age m, at diminishing rates.
2.1. Households

The wellbeing of a dynasty increases with the consumption of the young parent ¢, and the
elderly d.T (h,_1,m;) and the number of children n, at diminishing rates:
(1) Xt @ {BU(T (he—1,m)dy) + a[U(cy) + pG(n)]},
with a subjective discount factor « € (0,1) and tastes for old-age consumption g € (0,1) and
the number of children p > 0. Raising a child needs 0 < v < 1 fixed units of time with an
upper bound on fertility, n, < 1/v. Given wage rate w;, each young parent allocates one unit
of time endowment to rearing children vn, and working 1 — vn,, receives a bequest from the
old parent for b, > 0, or gives a gift to the old parent for b, < 0. The young parent allocates
resources to young-age consumption c;, health h;, and savings s; as follows:
(2 ¢, =b;+ (1 —vn)wy —s; — hy.

Given gross interest rate (rental price of capital) R;, an old parent spends wage income
T (h~1, m¢)w; and capital income R;s;_; on consumption and health, adjusted for old-age
longevity, (d; + m:)T (h._1, m;), respectively, and leaves a bequest to or receives a gift from
each child. Thus, the budget constraint of an old parent is
() diT(he—1,m) = T(he—q, M)Wy + ReSe—q — meT (he—y,mp) — beng—y.
This model abstracts from retirement at old age for simplicity. One can scale down old-age

labor from longevity for retirement without changing the essence of results.
2.2. Production

The production function for a final good per young worker increases with capital per young
worker k., labor per young worker [,,> and the average health of the labor force Q(h,, m,):
4) y:= f(kt'ﬁ(i_lt»mt)» lt),
with constant returns to scale in (k;, [;). As noted in empirical evidence, the average health
status of the labor force Q(h,, m,) depends positively on the average health spending by the

young and old workers, h, and m,, respectively. One reason for the health externality to

5 Labor per young worker is the total labor of young and old workers over the number of young workers.
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productivity is that firms do not perfectly observe the health status of individual workers,
despite the contribution of their health to average productivity. Thus, firms do not directly link
the wage for a worker to the worker’s health status or health spending. Consequently, workers
overlook the contributions of their health to average productivity, and thus their perceived
private returns to health spending are lower than the social return. As one period here
corresponds to 30 years, we assume that physical capital depreciates fully within one period.
Competitive firms compensate production factors by their marginal products as follows:
) w = filke, ﬁU_lt» me), le),
(6) R = fk(ktrﬁ(ﬁt:mt)l le).
The marginal products increase with the average health status of workers.
Markets clear when
keyr = Se/ne,
li =1—wvng +T(he-q,me) /Mg
The labor supply of all young workers (1 — vn;)n;_, in the dynasty at time t decreases with
fertility n; but increases with the number of young workers n;_,. The labor supply of the old
worker T'(h,_1, m;) increases with lifetime health investment. The size of the young generation

in the economy N, evolves via N;,, = Nyn;. Feasibility for the allocation of output is
(7) ¢ = f(ktr ﬁ(ﬁtrmt)' lt) — Kep1e — he —

To gauge the efficiency loss of the health externalities and to design optimal public policies to

(de+m)T(he—1,my)

Ng—1

internalize the externalities, the next section explores the socially optimal allocation.
3. The socially optimal allocation

Given initial state (h_4, ko, n_1), the social planner chooses {d;, m;, c;, n¢, ki1, bt }1=p 1O
maximize utility in (1) subject to feasibility in (7) by internalizing health externalities h, = h,
and m; = m, as follows:

V(ke heq,ne—q) = max }{BU(T(ht—p me)de) +

{de.meng,kesq,he
a[U(f(kt'ﬁ(’_lt' m),1 —vn, + T(ht—lﬂmt)/nt—l) — keyang — he —
(de + m)T (he—, me)/ne—1) + pG()] + a V(keyq, he, )}
The planner chooses inter-vivos transfers to equate the marginal rate of substitution

between the old and young agents’ consumption with old-age dependency as follows:

(8) BU,(T(ht—lrmt)dt)z 1

aU’(cy) Mg’



High health spending in the previous period h,_; contributes to old-age labor and longevity,
thus motivating transfers from old to young agents that thin old-aged agents’ consumption over
old-age time and raise young agents’ consumption. High fertility in the previous period means
low old-age dependency, thus motivating net transfers from young to old agents.

The planner chooses investment in capital or bequests to children to equate the marginal
rate of substitution between young-age consumption across generations with the marginal
product of capital per young worker in the next period:

9 U'(ct)  _ Fr(kerr,QMepr,Meg1)lesr)
( ) [ - '
aU'(ct+1) ne

The average health of young and old agents in the next period contributes to the marginal
product of capital, thus creating a positive substitution effect on savings or investment in capital.

When equalizing the marginal benefit and cost of young-age health spending, the planner
internalizes young-age health externalities to productivity as follows:

al’(ce4 ) F1(ker 1. 0(Re4 1 Meg 1) ler1)—der1—Me41)
nt — 1

Tp(hemess) [.BU' (T(heymepq)der)desq+
U' () [1~ff (ke (e, M), L))

(10)

The marginal cost of young-age health spending is the forgone marginal utility of young-age
consumption. The marginal benefit is twofold in the next period: the marginal utility of old-
age consumption from extended life and the marginal utility of children’s young-age
consumption from the increase in bequests to children owing to the extended working life at
old age. The marginal product of average young-age health spending fﬁ(kt,ﬁ(ﬁt, m;), lt)
contributes to the marginal benefit of young-age health spending.

When equalizing the marginal gain and loss of old-age health spending, the planner

internalizes old-age health externalities to productivity as follows:

U (ep)(f (ke (e g ) 1) —de—
T am) [ BU (7 (g o)) © LU AT o) i) .

BU' (T (hi—1,m)d)[T (he—1,mp) o1 frn(ke, Q(Re,Me) )]

(11)

The marginal cost of old-age health spending is the forgone marginal utility of old-age
consumption. The marginal benefit includes the marginal utility of old-age consumption from
extended life and the marginal utility of children’s young-age consumption from the increase
in inter-vivos transfers from parents to children owing to the extended working life at old age.
The marginal product of average old-age health spending fm(kt,ﬁ(ﬁt,mt), lt) contributes to
the marginal benefit of old-age health spending.

The planner also equalizes the marginal rate of substitution between fertility and young-

age consumption and their relative costs as follows:



(12) pane) _ vfl(ktﬁﬁ(}_lt;mt)' lt) + Keypr +

U'(c)

aU'(cer )T (hemes 1) (F1(Ker 1,0 Req1,Mer1)le41)—des1—Mes1)
U’(Ct)n% '

The first term in the relative cost of fertility is the time cost of childrearing; the second term is
capital per child from parental investment (bequests); and the last term is the discounted
marginal cost of inter-vivos transfers from parents to children in the next period. Particularly,
old-age labor relates positively with lifetime health investment and interacts with capital
accumulation, inter-vivos transfers and fertility in contrast to standard overlapping-generations
models that assume retirement at old age without intergenerational transfers and old-age labor.
The transversality condition is
gi_)rgloatU'(ct)ntkHl = 0.
Denoting i (t) = fi (ke, Q(h, M), l,) and combining this transversality condition with
successive substitutions on au’(c;) = u'(c;—1)n:—1/ fi.(t) from condition (9) yields
Jim kee3 TTj-o 75 = 0.
From this condition, the marginal products of capital should exceed the growth rates of
aggregate capital for dynamic efficiency and a bounded value function of the state V(:,-,) when
time approaches infinity.
The socially optimal allocation from an initial state (h_;, n_1,ky) IS a sequence
{ct, di, he, me, g, ki1 32 that satisfies technology (4), feasibility (7), first-order conditions (8)

to (12) and the transversality condition. We now turn to the equilibrium allocations.
4. Equilibrium allocations

This section first determines the equilibrium allocation without firms’ health subsidies and

government intervention and then the equilibrium allocation with public subsidies and taxes.
4.1. Laissez faire

From budget constraints (2) and (3), the dynasty faces a constraint in each period as follows:

(13) ¢, = RiSt=1 4 (T(ht—l'mt) +1— vnt) wp— s, — by — (dt‘l'mt)T(ht—lrmt).
Ng—1 Ne—1 Ne—1

The dynasty maximizes utility in (1) subject to (13), taking prices as given. The respective
intergenerational and intertemporal substitution conditions are as follows:
(14) BU'(T(he—1,me)de) _ 1

aU’(ct) Ng_q

(15) U'(ct) _ Resr

aU’(cts1) ne




From Reyq = fie(ker1, Q(Rey1, Mesq), lesq) i (6), conditions (14) and (15) are analogous to (8)
and (9) chosen by the social planner. However, the health externalities can affect agents’
intergenerational and intertemporal substitutions through R.y; = fi (kes 1, Q(Res1, Mesr), lsr)
as agents ignore the contribution of their health to the average productivity of the economy.

The first-order conditions with respect to health spending h; and m, are

, —_ —_—
Th(ht'mt+1)[,BU,(T(htjmt+1)dt+1)dt+1+ 2 or42)Weps-dega ~Mrsa)

ng —_
U’ (cy) =1

(16)

CKU, (Ct)(Wt—dt—mt)]

Tm(ht_l,mt)[[)’U’(T(ht_l,mt)dt)dt+ -

CKU, (ct)T(ht_l,mt)
nt-1

Since perceived private returns to health spending are below the social returns, private health

=1.

A7)

spending in (16) or (17) is below the optimal level in (10) or (11).

The first-order condition with respect to the number of children is

pG'(ne) _ St aU ()T (heMer 1) Wt —derr—Mes1)
18) ey =Wty t v’ (eomg

where w, = f;(k¢, Q(he, m;), ;) in (5). Low health spending caused by the health externalities
leads to low average productivity and hence low wage rates or a low time cost of rearing a child
vw, in (18) relative to the socially optimal levels. Low average productivity also means low
returns to capital, thus leading to low savings in (15). The low savings lead to a low bequest
cost of raising a child s, /n;, while the low health spending means low old-age earnings and
parental transfers to children T'(hy, m;y1) Wey1 — desq — Mmeyq) OF @ low transfer cost in (18).
Thus, fertility is high and young-age labor is low relative to the socially optimal level in (12).

Since s; = n.k;, 4, the transversality condition associated with assets is the same as that
for the social planner’s allocation. Combining the transversality condition with successive
substitutions on au’(c;) = u'(c;—1)n:—1/R; from condition (15) yields binding solvency

Jim ket oy = 0.

From the binding solvency, the gross returns to savings should exceed the growth rates of
aggregate capital for dynamic efficiency and a bounded value function of the state when time
approaches infinity.®
Definition 1. A competitive equilibrium from an initial state (h_4, ko, n_;) iS @ sequence of
allocations {b;, c;, d;, he, Mg, g, S, Le, ke g1, Ve Jieo @nd prices {R;, w;}iz, such that: (i) given

average health and prices, firms and families optimize, satisfying budget constraints (2) and

& Otherwise, the marginal product of capital would be too low to compensate for capital depreciation, thus causing
dynamic inefficiency, a scenario coined as over-savings ruled out by binding solvency in the dynastic model.
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(3), technology (4), conditions (5), (6) and (14) to (18), the transversality condition, and
binding solvency; (ii) all markets clear; (iii) consistency holds: h = h and m = m.

The laissez-faire allocation resembles low health spending, longevity, savings and income
but high fertility in developing countries. Next, we explore the roles of public subsidies and

taxes in determining the equilibrium outcome and derive optimal taxes and subsidies.
4.2. Optimal public subsidies and taxes

Government spending includes a lump-sum transfer to the elderly P, and subsidies on
savings at rate &7 and on health spending at young and old age at respective rates &, and &7.
Government revenue is from taxes on young- and old-age labor income at respective rates t;
and ¢, on consumption at rate t¢, and on capital income r, = R, — 1 at rate 77, where r, > 0
under the binding solvency for dynamic efficiency. The government balances its budget

EPT(he_q, M) Me+Pr

ft}_lt +&P5 + =1, (1 —vn)w, +

Mgy

e, + (T?Wﬁrf&t)f(ﬁt:1,ﬁlt)+rf§t_1(Rt—l)l
Ng—q
Then, household budget constraints become
cc(L+7) =b + (1 —vnwe (1 —7) —s5¢(1 = &) —he(1 = o),
T(he—1, m)d (1 + 1) = T(hemy, mOwe (1 — 77) + [Ry — (Re — D)T{]s¢—1
+P; — T(he—y, mdmy (1 — &) — byny_y.
Combining household budget constraints into a single constraint for the dynasty yields

_ (-vn)we(1-74)—s:(1-&7)—he(1-&1)
- (147f)

Ct +

T(ht_l,mt) [Wt(l—T?)—mt(l—fg)—dt(l'l"l'g)]+Pt+[Rt—(Rt—l)Tf]St_l
ne—q1(1+7§) )

The first-order condition with respect to inter-vivos transfers for intergenerational
substitution is analogous to (14). The first-order condition with respect to savings s; is

(19) U’ (cp) _ (A+T))[Rer1—(Rer1—1)T{44]
aU'(cty1) ne(1-€5)(1+TE4 )

in which the marginal rate of substitution between young-age consumption across generations
equals the after-tax private return to savings (net of the subsidy) over the number of children.
A rise in capital income tax 7., reduces the relative price of current consumption, thus
generating a negative substitution effect on savings. Conversely, a rise in the subsidy rate on
savings &7 creates a positive substitution effect on savings. If consumption tax rates are
constant tf = 7, to cancel out their wedge in the intertemporal substitution, then taxes on

capital income 7;,, and subsidies on savings ¢ move in the same direction for optimal savings.



The first-order conditions with respect to health spending at young and old age equalize the
private marginal benefits and costs of health spending, respectively, as follows:

! o (o] (0]
aU (et D) We1(1-7841)-de41(A+TE4 1) -Me41(1-8741))
nt(1+‘rf+1)

Tr(hemesq) [5U’ (T(hemegpq)dep)desr+

(20) U (cp(—¢p =1
(1+19)
u’ —9)—d c\_ _z0
Tm(ht—lrmt)[5U’(T(ht—1rmt)dt)dt+a (cotwe(a ;Ql(fﬁgt) meA=e)
1) f ~ 1.

dU’(Ct)T(ht_l,mt)(l—f?)
nt_1(1+‘r§)

Public health subsidies at young and old age (&;, £7, é7,4) increase health spending by reducing
the marginal costs of private health spending. By contrast, old-age labor income taxes (z7, 7¢,4)
reduce the marginal benefits of health spending (hence inter-vivos transfers to children) by
lowering the after-tax earnings at old age, and thus may lower private health spending.
Consumption taxes (zf, 75, ,) reduce the costs and benefits of health spending. If consumption
tax rates are constant 7 = t7, ;, then their effects on health spending fully cancel out when
substituting (14) into (20) and (21).
The first-order condition with respect to the number of children is

(22) pG' (ny) _wwe(1-t0) | se(1-8D) aU'(ces1)Prea
U'(cy) 1+7f) ne(147)  U'(c)nZ(1+75,4)

aU’ (ce+ )T (hemer ) Wer1 (1-T84 1) =de41 (AI+TE 1) —Mes1 (1-§241))
U'(con?(1+18,4) )

Taxes on consumption 7 and young-age labor income 7, reduce the time cost of raising a child
in (22), while taxes on old-age labor income reduce after-tax earnings at old age and the transfer
cost of raising a child. A rise in savings subsidies lowers the bequest cost of raising a child,
whereas a rise in public transfers to the elderly raises the transfer cost by increasing parental
transfers to children. Moreover, a rise in old-age health subsidies decreases old-age health costs
and increases inter-vivos transfers to children (the transfer cost of raising a child).

The government can design optimal taxes and subsidies by equating the equilibrium

conditions with the optimal conditions of the social planner. Among the policy instruments
actually used in developed countries, we can treat some instruments as given and use the other
instruments to achieve the optimal outcome and balance the government budget.
Proposition 1. Using the socially optimal allocation with h = h and m = m and taking public
transfers to the elderly and taxes on consumption and capital income {P;, tf, 77 }7=, as given,
the government can determine socially optimal health subsidies, savings subsidies and labor
income taxes {&;, &7, &7, 1, T Y2, from the following conditions:

) vf (ke Qe M) 1) (Te4+TE) + Ry (TE+HE) P11
(1+7§) Nef (ks 1, Qe 1,Meg 1) ler 1) (A+TE )
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T(hemer ) M1 (14784 1) = F1Ker 1,0y 1M1 1) e 1) (T4 1 +TE4 )]
e f (ke 1, Qe 1,Megr 1) ler 1) (A+TE 1)

+

(i) falke QR o), 1) =222 4

c
1+7¢

Th(hemey ) [Mey1(ELp1+T641) = F1Ker 1,0 Reg1, Mgy 1)l 1) (T +TE )]
Frker 1. QP es1,Mer ) ler 1) (1+TEL )
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(V) filkerr, Q(Perr, Mig) leyr) = T84y (1+75)

a (tEq+7ien) (147E) - (§F+2E) (14764,)

QoMM _ (e, (R, ), 1) [7e(1 = vm) +

) Sehe + &l kppne +

Ng-1

PR 7 e + STL20) o g [fy (e, DR, ), ) — 11

Nt-1
Proof. See Appendix A.

In condition (i) for the optimal policy, the positive effects of public transfers to the elderly
or the old-age health subsidy on the costs of raising a child counteract the negative effects of
labor income taxes, consumption taxes or savings subsidies on the costs of raising a child.
Condition (i) internalizes the marginal product of average young-age health spending by
equating it with the young-age health subsidy plus the marginal contribution of young-age
health spending to old-age labor via the old-age health subsidy net of the old-age labor income
tax. Condition (iii) internalizes the marginal product of average old-age health spending by
equating it with the old-age health subsidy plus the marginal contribution of old-age health
spending to old-age labor via the old-age health subsidy net of the old-age labor income tax.
Using (8) and (10) in condition (ii) under a stationary consumption tax rate ty = t7,, Yields:

Vi A Th(heMer )My 18801 = F1(kes1,QMe41, M 1) ler1)T44]
ke, QChy, me), ) =& + —— .
fh( v Q(he, M) t) St Frekes1, Qe 1,Mer1)le4+1)

From this and (iii), health subsidies are essential for internalizing the health externalities.
When consumption tax rates are constant, condition (iv) implies the same sign for subsidies

on savings & and taxes on capital income 77, to remove their wedge in intertemporal

substitution. Condition (v) balances the government budget. To see the results more clearly,

the next section focuses on the steady state with specific functional forms.
5. Steady state with specific functions

The production function is as follows:

(23) y=ak®|(Qnm)) 1]1_9,
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with 4 >0,0<6,u<1,0(hm) = R'm? and ¢ € (0,1), where u measures the degree
of health externalities to productivity and ¢p measures the relative role of average young-age
health spending in determining the health externalities.

The utility function has a constant elasticity of intertemporal substitution for consumption

and fertility, measured by 1/0; > 0 and 1/a0, > 0, respectively, as follows:

xl (] nl—o‘z_l

—,G(n) =

1—0'1 1—0'2

(24) Ul =

)

where x = ¢, T(h, m)d. The longevity function is:

(25) T(hm)=D (M)w

5+ez(h,m)
which increases with health spending at young and old age at diminishing rates under
restrictions D € (0,1], 6 >0, e > 1, ¥ € (0,1), and z(h,m) = h®m'~?. In equilibrium,
z(h,m) = ﬁ(ﬁ, m). Appendix B gives the socially optimal allocation at the steady state.
Using the specific functions, the rest of this section presents analytical results for optimal

taxes and subsidies and then numerical results for quantitative implications.
5.1. Optimal public policies

We define the following expressions for the determination of optimal taxes and subsidies:

— P fm(k,Q(h,m),D) avnhTp(h,m) _vnhfh(k,ﬂ(h,m),l)

A =a [n + Ty (h,m) (T(h' m) + a(l—vn)—vn) a(1-vn)-vn I
- (n—-a)(a-vn)k

Az = a(l-vn)-vn '

Au = af{(l—vn)n[vfl(k,ﬂ(h,m),l)+k]—@[vndﬂx(l—vn)(m—fl(k,ﬂ(h,m),l)]—vnc}

3= a(l1-vn)-vn !

— aT(h,m) avnhTp(h,m)

Ay = (nTm(h,m)) [T(h' m) + a(1-vn)—-vn [’

As = nfvfi(k, Q(h,m), 1) + k] — a [¢ + LLm(EmAAGm D)

The optimal subsidies and taxes in the steady state with the specific functions are as follows:

Proposition 2. Using the social planner’s allocation with the specific functions and taking
public transfers to the elderly, consumption taxes and capital income taxes (P, 7€, t°) as given,
the government can determine socially optimal public health subsidies, savings subsidies and

labor income taxes (&, £°,&°, 7, t°) in the steady state as follows:

. o _ A1+A2TS+A3TC
(I) E - A4 !

.. _ _ aTp(h,m)T(h,m)&°
(“) E - (1 a)fh(k) .Q.(h, m)P l) + Tm(h,m)n ’
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(i) & =09

n

fo(m' T(h,m) ) nfm(kQ(h,m),l)

. o _ " T (h,m) T (h,m)
V) == FulkeQm),D !
(V) alhé+(n—a)kTtS]+AsTC

= FieQ(m)Dia(—vn)—vn]
Proof. See Appendix C.

Without health externalities (u = 0), f,,(k, Q(h,m),l) = 0 and f,,,(k, Q(h,m),l) = 0 (see
Appendix B). Then, setting all taxes, subsidies and public transfers to the elderly at zero yields
socially optimal outcome. In other words, the laissez-faire allocation without any market
friction would be the same as the planner’s allocation in this lifecycle-dynastic model (the First
Welfare Theorem). This feature is absent in lifecycle models with overlapping generations that
abstract from intergenerational transfers. In the presence of health externalities to productivity
u>0, frlk,Q(h,m),l) and f,,(k,Q(h,m),l) are positive and increasing with u (see
Appendix B), and hence appropriate subsidies and taxes can internalize the health externalities.

In condition (iii), the optimal capital income tax t° and savings subsidy &° share the same
sign because dynamic efficiency or binding solvency requires fi (k, Q(h,m),l) =n/a > 1
(see Appendix B). The condition for dynamic efficiency or binding solvency implies that
fertility must exceed the subjective discount factor n > a. Intuitively, a high subjective
discount factor leads to high savings (hence a low marginal product of capital), whereas high
fertility leads to a high marginal product of capital. A high subjective discount factor may also
lead to low fertility. This lower bound on fertility is novel in its own right.

Next, we focus on the quantitative implications for policy improvements.
5.2. Quantitative implications

Public health subsidies are available worldwide. Particularly, almost all the OECD
countries have universal public healthcare such as Australia. In Figure 1, total and government
health expenditures in Australia rose from 4.5% and 2.8% of GDP in 1971 to 10.5% and 7.6%
in 2020, respectively, while male and female longevity at age 30 also rose from 0.37 and 0.56
in 1971 to 0.72 and 0.85 in 2017, respectively.” In Figure 2, log real GDP per capita and the
labor force participation of young agents at age 30-59 and old agents at age 60 and over
increased together with a negative relationship with fertility as in other data (Bhargava et al.,
2001; Weil, 2007; Au et al., 2005; Disney et al., 2006; Cai, 2010; Schultz, 2005).

" As one period corresponds to 30 years in our model, longevity (T) is calculated from life expectancy at age 30
(LE)ie,T =LE/30 —1.
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[Figures 1 and 2 go here]

Observations and calibration

We report the average values of taxes, subsidies, saving rates, fertility, life expectancy, real
GDP per capita, total health spending (% of GDP), public health spending (% of GDP) in
Australia during 2000-2020 (unless indicated otherwise) in Table 1 and benchmark
parameterization in Table 2.

[Tables 1 and 2 go here]

From total health spending (8.8% of GDP) and public health spending (6% of GDP), the
flat rate of health subsidies (¢ = é°) is 68.18%. From the Australian tax system, the average
labor income tax rates in young and old age (t = 7°) are 28%; the tax rate on returns to savings
(z%) follows the 30% corporate income tax; and the consumption tax rate (7€) is 10%. As
compulsory retirement savings (superannuation) are exemptible from labor income taxes, we
set the savings subsidy rate (¢%) at 2%.8 We also set public transfers to the elderly at 20.6% of
output per young worker (P/y) to balance the government budget.

Capital’s income share takes a standard value 6 = 0.33. The degree of the health
externalities at u = 9% follows the estimate of Bloom et al. (2022) that marginally better
health of the labor force raises labor productivity by 6% to 12% in 133 countries when 8 =
0.33. Setting the coefficient of the health function e at unity, the return factor on health
spending ¥ at 0.8 and the share of young-age health spending in the health technology ¢ at 0.5,
we calibrate coefficients § and D in the longevity function as well as total factor productivity
A to match real GDP per capita, health spending (% of GDP) and old-age life T in data.

Intergenerational discount factor « at 0.7103 follows the savings rate at 22% when the taste
for the old parent’s consumption g is 0.3552, which is half of a because old-age life is shorter
than the young age. The intertemporal elasticity of substitution for consumption 1/0, = 1/1.1
follows the estimates in the range 0.8 to 1 (Kydland and Prescott, 1982; Jones et al., 2000).
Since a lower intertemporal elasticity of substitution for fertility than for consumption can
account for the secular decline in fertility when income rises (e.g., Greenwood et al., 2005), we
set 1/0, = 1/1.5. The fixed time rearing a child v = 0.2 matches observed fertility per young
agent n at 0.91(= 1.82/2) and the young-age labor-force participation rate 1 — vn at 0.818,
which is consistent with the labor-force participation rate of the population aged 30-59 in the

8 Superannuation contributions are 1.5% of GDP in Australia (https://treasury.gov.au/speech/compulsory-
superannuation-and-national-saving). From the labor income tax rate at 28%, subsidized savings equal 0.42% of
GDP. Then, the roundup savings subsidy is 2% as the national saving is 22% of GDP in the data (World Bank).
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recent years in Australia. The taste for the number of children p = 0.2769 matches the fertility

rate and other observations in Table 1.

Numerical results

Table 3 presents numerical results at steady states in three cases: laissez faire; benchmark;
and socially optimum. Notably, the benchmark levels of old-age longevity or old-age labor and
health spending at young and old age are higher than the laissez-faire levels due to public health
spending in Australia but lower than the optimal levels, suggesting potential gains of increasing
health subsidies to raise health spending toward the optimal level.

[Table 3 goes here]

The benchmark has lower fertility and higher young-age labor than the laissez-faire as
benchmark health subsidies increase the costs of raising a child. The benchmark also has
slightly lower fertility but higher young-age labor and old-age consumption than the optimal
levels possibly due to low benchmark savings subsidies and high benchmark public transfers
to the elderly that lead to a high cost of raising a child. The benchmark levels of capital and
output per young worker and young-age consumption are higher than the laissez-faire levels
but lower than the optimal levels. The benchmark welfare level at the steady state is higher
than the laissez-faire level but lower than the optimal level.’

Table 4 reports taxes and subsidies in five cases. Case (1) is the benchmark. Cases (2) to
(5) are socially optimal health subsidies with various taxes and public transfers to the elderly:
benchmark taxes on consumption and capital income and public transfers to the elderly; a
higher consumption tax; a lower public transfer to the elderly; or taxes on consumption and
capital income without labor income tax and public transfers to the elderly.

[Table 4 goes here]

Optimal health subsidy rates & and £° and old-age labor income tax rate 7° in Case (2) are
higher than the benchmark levels when public transfers to the elderly P/y and taxes on
consumption ¢ and capital income t° are at the benchmark levels. The higher health subsidies
increase health spending and the marginal cost of raising a child in (22), while the higher old-
age labor income tax decreases the marginal benefit of health spending and the marginal cost
of raising a child. The optimal subsidy on savings ¢° is higher than the benchmark level to

reduce the marginal cost of savings and the bequest cost of raising a child and increase savings

% The small welfare gap is owing to the focus on the steady states across cases in the context of a modified golden
rule. A full consideration of the equilibrium path with transitional dynamics is outside the scope of this study
given the complexity of tracking down the entire dynamic path for welfare analysis.
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and fertility to their optimal levels. The optimal young-age labor income 7 is below the
benchmark level, creating positive effects on the benefit of health spending and the time cost
of rearing a child that offset the opposite effects from the rise in the old-age labor income tax.

Arise in the consumption tax to 20% in Case (3) raises optimal subsidies on health spending
and savings and decreases optimal taxes on labor income at young and old age when capital
income taxes and public transfers to the elderly remain at the benchmark levels. The rise in the
consumption tax reduces the marginal cost of raising a child. A fall in public transfers to the
elderly to 15% of GDP per young worker in Case (4) with benchmark taxes on consumption
and capital income has similar effects on optimal labor income taxes and health subsidies as
those in Case (3) because the fall in public transfers to the elderly reduces the transfer cost of
raising a child. The removal of labor income taxes and public transfers to the elderly in Case
(5) increases the optimal health subsidy to young workers and the optimal consumption tax,
decreases the optimal health subsidy to old workers, and leads to an optimal tax on savings but
an optimal subsidy on capital income. The tax on savings increases the bequest cost of raising
a child, while the rise in consumption taxes reduces the cost of raising a child.

Figure 3 illustrates the sensitivity of the optimal allocation, health subsidy rates, savings
subsidy rates, and labor income tax rates at the steady state to variations in the degree of health
externalities to productivity when holding other policy instruments at benchmark levels.
Internalizing a stronger health externality (higher p) increases the optimal levels of
consumption, capital per young worker, output per young worker, health spending, longevity,
and productivity. However, the effect of higher u on optimal fertility is U-shaped, while the
effect on optimal young-age labor is inverted U-shaped, mainly due to the diminishing positive
effect of health externalities on productivity. Intuitively, internalizing a stronger health
externality to productivity has a positive income effect and a negative substitution effect on
fertility. At low u, internalizing a stronger health externality has strong effects on productivity
or the time cost of rearing a child, and thus the negative substitution effect on fertility dominates.
At high u, the effect on productivity diminishes, and thus the positive income effect on fertility
dominates. The internalization of higher u improves social welfare.

Internalizing a stronger health externality increases optimal health subsidy rates and young-
age labor income tax rates but decreases optimal old-age labor income tax rates until the
externality is sufficiently strong. The effect of higher u on optimal savings subsidy rates is also

U-shaped: initially negative at low longevity and eventually positive at high longevity. The U-
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shaped pattern for optimal savings subsidy rates helps obtain the U-shaped pattern of optimal
fertility since savings subsidies reduce the bequest cost of raising a child.
[Figure 3 goes here]

Next, we explore firms’ health subsidies for profit maximization.
6. Firms’ health subsidies

Firms’ health subsidies in terms of employer-based health insurance (EHI) are popular in
the US where public healthcare only covers 35% of population (OECD, 2016). According to
US Bureau statistics, EHI covers almost 85% of the population with private health insurance.
EHI has the advantage of group insurance over an individual’s health insurance to ease the
concern of private information on an individual’s health status or health spending.

Let 7, € (0,1) and ¢ € (0,1) denote the portions of young- and old-age health spending
covered by health insurance, respectively. In equilibrium with a competitive insurance market,
health insurance premium per young or old worker I, or I? equals the insurance coverage of
health spending per young worker, I, = h,m,, or per old worker, I? = T (h,_y, m; )m,m?.

With EHI, we rewrite the production function as

— =  IP+M
26) ye = f (ko QU + Hoy =), 1),

T(he—1,Mm¢)
where H, = h,(1 — m,) is average out-of-pocket health spending per young worker, and M, =
T(hy_y, m,)m,(1 — ) is average out-of-pocket health spending per old worker. Firms
observe health insurance premium (I, 1) but do not observe an individual’s health spending
(h;, m,) and old-age longevity T (h;_;, m;).

Firms’ profit function becomes
f (ko (l +A,

where A; € (0,1) and A? € (0,1) are the rates of firms’ subsidies on young-age insurance I;

1?+1\71t
T(’_lt—lvﬁlt)

)'lt) — Reky — wele — Addy — A202 /1y,

and old-age insurance per young worker I? /n;_, respectively. Profit maximization yields

@7) we = f; (ke 8 (1 + B s 1) = fullee, Ahe, ) o),
(28) Re = fic (e, B (I + oo mgeies) 1) = ficChos Dhe, ), ),
(29) 2 = f; (ke, 0 (1 + Ht%) 1) = frlke 2(Re, M), L),
60) 2 = i (k1 + ) ) = Elnany
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In (27) and (28), the marginal products or rental prices depend on EHI. In (29) and (30), the
rates of firms’ subsidies on health insurance for young and old workers depend positively on
the marginal products of average health spending by young and old workers, respectively.

In what follows, we first focus on an economy with EHI in the absence of government

intervention. Then, we consider both EHI and public policies.
6.1. Equilibrium allocations with EHI

With EHI, the budget constraint of a young worker is
(31) ¢t = b+ (1 —vn)w, — he(1 —mp) — I,(1 — ) — 54,
where h;(1 — m,) is out-of-pocket health spending at young age and I;(1 — A;) the portion of
health insurance premium paid by a young worker. The budget constraint of an old worker is
(32)  d;T(he—y, mp) = T(he—y, m)dWe + Rese—g — M T (he—g, m)(1 — 77)

=17 (1 = A7) — beng—y,

where m,T (h._1,m;)(1 — w¢) is out-of-pocket health spending at old age and I2(1 — A?) is
the portion of health insurance premium paid by the old worker.

The dynasty maximizes utility subject to household budget constraints, taking prices,
e, I, A, 2, 1P and A2 as given. The first-order conditions with respect to d, and s; are similar
to (14) and (15) in laissez faire; and those with respect to h;, m; and n; are

aU'(c y(w -d -m (1—71:0 )
Th(ht:mt+1)[ﬂU’(T(ht;mt+1)dt+1)dt+1+ LN rhl Tl t+1]

ng —
(33) U (co)(1-mp) =1
v’ —dg-myp(1-1

Ton (e MO BU' (T (g, me) ) L ESIOTED

(34) aU’(ct)T(ht_l.mt)(l—ﬂ?) - 11
ng—1

G¢'(n s al'(c T(he,m Wep1—dep1—Megpr)HIE A
(35) p ,( 0 _ , Sy (ct4)[T(he t+1)(’t+1 2t+1 t+1)Hip t+1].

U'(cy) U'(ce)ng

In equilibrium, w, = fi(ky, Q(he, M), L) , heey = hey , My =m; and T(h,_y, ;) =
T(hi—;,m). In (33) and (34), the insurance coverage rates on young- and old-age health
spending (m;, 7, m¢, ) reduce the marginal costs of health spending for young and old agents,
thereby tending to raise young- and old-age health spending. However, firms’ subsidy on old-
age health insurance 17,17, , increases the transfer cost of raising a child in (35), tending to
reduce fertility from its socially optimal level in (12). As a result, EHI alone cannot fully

internalize health externalities to productivity when individuals choose the number of children.
6.2. Optimal EHI and optimal public policies

Household budget constraints with EHI and public policies become
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c(+7)=b+ (A —vnw (1 —7) —s(1 =) —h (1 —m — &) — [,(1 — 4p),
T(he—1, m)de (1 + 77) = T(heey, mdw, (1 = 77) + [Ry — (R — DT{]se1 + P
—T(he—y, mdme(1 —nf — &) — 17(1 — A7) — beny_y.

Combining these budget constraints into a single constraint for the dynasty yields

(36) ¢, = A-vndwe(1-T)—se(1-&)—he(1-m—&¢) —Ie(1—A¢)

t (1+75) +

T(he—1,me)[we(1—12)-me(1-1l —EP)—d(1+TE)]+ P+ [Re— (Re—1)TE]Sp—1—If (1-2F)
Ne_q1 (1475) ’

The first-order conditions with respect to d; and s; are similar to (14) and (19); and those

with respect to h;, m; and n; are

(37) Th(he,mey1)BU (T(he,mip1)dir1)detr n

U'(cpa-me—&p)
(1+75)

aU’ (cee ) Weg1(1-704 1) —deg1 (A+TEL 1) —Meg 1 (A-18y 1 —E84 1))
(1478, 4) -1
U’ (cp)(1-mp—&p) '
(1+75)

Th(ht'mt+1)[

al' (cp)we(1-t))-dr(1+75)-me(1-n -€2))

T (he-1,m¢) [[)’U’ (T(he-1,me)de)de+

ng—1(1+7§) _
(38) aU (cp)T(hi—1mp -2 -£9) =1,
ne—1(1+7f)
(39) PG,(nt) _ vWe(1-7¢) St(l_fiq) aU’(Ct+1)Pt+1 aU’(Ct+1)Ig+1A?+1

U'(c) (141§ ne (147§ U'(con?(+t8,,)  U'(cnZ(1+1f,q)

aU' (cer )T (heMesr ) Wer s A=1241) =1 (14784 ) =M1 (1= 1]
U'(com?(1+78,,)

where w, = fi(k¢, Q(he, M), 1) and Ry = fic (ke Q(he, Me), ).

In (37) and (38), insurance coverage rates on health spending (r;, ©¢, 7, ) are substitutes

of public health subsidies (&, &7, ¢7,1) in raising health spending by reducing the marginal
costs of health spending for young and old agents. In (39), firms’ health subsidy 17,17, ,
increases the transfer cost of raising a child. Thus, the government can set appropriate taxes
with the opposite effects on the cost of raising a child to that of firms’ health subsidy to correct
excessive fertility in the laissez-faire equilibrium for its socially optimal level. Next, we show

optimal EHI and taxes in the steady state with the specific functions given in Section 5.
6.3. Steady-state analyses

We define the following expressions for efficient policies:
Ae=T2 4 et (1 —wm)| ~ filk, Q(h,m), D) — %]

n

T(h,m)a(m-—f;(k,Q(h,m),l))
vn2

— (1—-vn)amf, (k,Q(h,m),l) n mT (h,m)[vn—a(1-vn)]
- vn vn?

_ T(hm)(vn—a(1-vn)) , am(1-vn)fm(k,Q(h,m),)) Ty (h,m)
Ag = fi(k, Q(h,m), 1) [ on? + v (T (h,m)m+T)

A
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The efficient policies with the specific functions in the steady state are as follows:
Proposition 3. Using the social planner’s allocation with the specific functions, the socially
optimal public policies and firms’ health subsidy rates (r, 7%, 1,1°,1,2°) in the steady state
arise from the conditions for utility and profit maximization under feasibility and a balanced
government budget.

Proof. See Appendix D.

Taking public health subsidies, public transfers to the elderly, consumption taxes and
capital income taxes (&, &9, P,t¢, 7°) as given, stronger externalities of health spending at old
or young age raise the optimal values for health insurance coverage, insurance premium, and
firms’ health subsidies (m,7°1,1°,1,2°) in Appendix D. Moreover, optimal insurance
coverage rates (mr, ) and public health subsidies (&, £°) are perfect substitutes, suggesting a
key role of EHI in easing the financial pressure of funding public healthcare.

Using parameter values in Table 2, we report numerical results for socially optimal policies
in Tables 5 and 6 and their sensitivity to variations in the degree of health externalities u in
Figure 4. EHI in Columns (1) to (3) of Table 5 attains the social optimum at benchmark
¢, 1%, P/y, & and &° or at optimal income taxes even without public health subsidies in contrast
to the results in Table 4. Notably, the optimal rate of firms’ subsidy is higher on young-age
health insurance than on old-age health insurance (A1 > A°). In the US, employers often
subsidize health insurance for workers, while the elderly (at 65 or over) may have access to
public healthcare. In Table 6 at benchmark ¢, 7° and P/y, declines in public health subsidies
raise the optimal values of health insurance coverage rates (r, °), health insurance premium
(I, 1°) and old-age labor income tax 7°, but lower the optimal young-age labor income tax t.

[Tables 5 and 6 go here]

Figure 4 shows the sensitivity of optimal EHI and labor income taxes to variations in the
degree of health externalities u at benchmark ¢, 7° and P/y in the absence of public health
subsidies at the steady state. When p rises, optimal rates for , w1 /y,1°/y,A and 2A° rise.
However, when u rises, the optimal old-age labor income tax rate t° rises but the optimal
young-age labor income tax rate 7 falls in contrast to falling optimal ° and rising optimal 7 to
finance rising optimal public health subsidies in Figure 3.

[Figure 4 goes here]
7. Conclusion

This paper developed a lifecycle-dynastic model of health spending, savings, and fertility

to explore the effects of health externalities to productivity for policy implications. The health
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externalities cause sub-optimally low health spending, longevity, savings, labor, and
productivity but high fertility. Appropriate taxes and subsidies can attain the socially optimal
outcome. Public health subsidies have a positive effect on the cost of raising a child and a
negative effect on the cost of health spending. Conversely, labor income taxes have negative
effects on the costs of raising a child and the benefits of health spending. Consumption taxes
and savings subsidies have negative effects on the costs of raising a child. Savings subsidies
also have a negative effect on the cost of savings that counteracts the wedge of capital income
taxes. Public transfers to the elderly increase tax burdens on children and induce altruistic
parents to increase transfers to children, thus increasing the transfer cost of raising a child.

From calibration results based on the Australian taxes and subsidies, fertility is below the
laissez-faire and socially optimal levels, while labor supply at young age is above the laissez-
faire and socially optimal levels. The levels of longevity, capital per young worker, output per
young worker, young-age consumption, young- and old-age health spending and old-age labor
are above the laissez-faire levels but below the socially optimal levels. In Australia, Medicare
provides a universal health insurance coverage funded by taxes, including an income-tested
Medicare levy surcharge at 1% to 1.5% of income. The quantitative implications of the results
suggest policy improvements from the Australian tax system and public healthcare, such as
increasing young-age health subsidies and consumption taxes or decreasing young- and old-
age labor income taxes and public transfers to the elderly. The optimal tax here departs from
those in models with fixed fertility and without health externalities to productivity. It relaxes
the strict equality between the rates of capital income taxes and investment subsidies in the
Ramsey tax. It also allows for age-dependent health subsidies and labor income taxes in relation
to the age-dependent marginal products of health spending at young and old age.

Finally, employer-based health insurance reduces the marginal costs of health spending for
young and old workers, thus raising young- and old-age health spending to internalize the
health externalities. However, the subsequence improvement in productivity raises the time
cost of raising a child. Additionally, firms’ subsidy on old-age health insurance increases the
transfer cost of raising a child. Thus, firms’ health subsidies for profit maximization alone
cannot fully internalize health externalities to productivity when individuals choose the number
of children. Appropriate mixes of firms’ health subsidies and efficient tax policies can attain
the social optimum. From the results, expanding public health coverage to all workers can
increase social welfare in the US, whereas encouraging employer-based health insurance can

ease the financial pressure of universal public healthcare in other OECD countries.

21



References

Acton, R.K., Cao, W., Cook, E.E., Imberman, S.A., Lovenheim, M.F., 2022. The effect of
vaccine mandates on disease spread: evidence from college COVID-19 mandates. NBER
Working Paper Series w30303.

Altonji, J.G., Hayashi, F., Kotlikoff, L.J., 1997. Parental altruism and inter vivos transfers:
Theory and evidence. Journal of Political Economy 105(6), 1121-66.

Au, D., Crossley, T., Schellhorn, M., 2005. The effects of health shocks and long-term health
on the work of older Canadians. Health Economics 14, 999-1018.

Bhargava, A., Jamison, D.T., Lau, L.J., Murray, C.J.L., 2001. Modeling the effects of health
on economic growth. Journal of Health Economics 20(3), 423-40.

Bloom, D.E., Canning, D., 2000. The health and wealth of nations. Science 287, 1207-09.

Bloom, D.E., Canning, D., Kotschy, R., Prettner, K., Schinemann, J.J., 2022. Health and
economic growth: Reconciling the micro and macro evidence. NBER Working Paper
26003.

Bloom. D.E., Canning, D., Mansfield, R.K., Moore, M., 2007. Demographic change, social
security systems, and savings. Journal of Monetary Economics 54(1), 92-114.

Bloom, D.E., Kuhn, M., Prettner, K., 2020a. Modern infectious diseases: Macroeconomic
impacts and policy responses. PGDA Working Paper No. 187.

Bloom, D.E., Kuhn, M., Prettner, K., 2020b. The contribution of female health to economic
development. The Economic Journal 130, 1650—77.

Cai, L., 2010. The relationship between health and labour force participation: evidence from a
panel data simultaneous equation model. Labour Economics 17, 77-90.

Chakraborty, S., 2004. Endogenous lifetime and economic growth. Journal of Economic
Theory 116(1), 119-37.

Cremieux, P., Ouellette, P., Pilon, C., 1999. Health care spending as determinants of health
outcomes. Health Economics 8, 627-39.

de Courville, C., Cadarette, S.M., Wissinger, E., Alvarez, F.P., 2022. The economic burden of
influenza among adults aged 18 to 64: A systematic literature review. Influenza Other
Respi Viruses 16(3), 376-385.

Dey, M., Flinn, C., 2005. An equilibrium model of health insurance provision and wage
determination. Econometrica 73(2), 571-627.

Disney, R., Emmerson, C., Wakefield, M., 2006. Ill-health and retirement in Britain: a panel
data-based analysis. Journal of Health Economics 25, 621-49.

Ettner, S., 1996. New evidence on the relationship between income and health. Journal of
Health Economics 15(1), 67-85.

Feng, Z., Zhao, K., 2018. Employment-based health insurance and aggregate labor supply.
Journal of Economic Behavior and Organization 154, 156-174.

Feng, Z., Villamil, A., 2022. Funding employer-based insurance: regressive taxation and
premium exclusions. Economic Theory 73, 509-540.

Greenwood, J., Seshadri, A., Vandenbroucke, G., 2005. The baby boom and baby bust.

American Economic Review 95, 183-207.

Hitiris, T., Posnett, J., 1992. The determinants and effects of health expenditure in developed
countries. Journal of Health Economics 6, 173-81.

Jeske, K., Kitao, S., 2009. US tax policy and health insurance demand: can a regressive policy
improve welfare? Journal of Monetary Economics 56(2), 210-221.

Jones, L., Manuelli, R., Siu, H., 2000. Growth and Business Cycles. NBER Working Paper
7633.

Kim, T.K., Lane, S.R., 2013. Government health expenditure and public health outcomes.
American International Journal of Contemporary Research 3, 1-13.

22



Kuhn, M., Prettner, K., 2016. Growth and welfare effects of healthcare in knowledge-based
economies. Journal of Health Economics 46, 100-19.

Kydland, F., Prescott, E., 1982. Time to build and aggregate fluctuations. Econometrica 50,
1345-370.

Laitner, J., Juster, F.T., 1996. New evidence on altruism: A study of TIAA-CREF retirees.
American Economic Review 86(4), 893-908.

Loeb, M., Russell, M.L., Moss, L., Fonseca, K., Fox, J., Earn, J.D., Aoki, F., Horsman, G., Van
Caeseele, P., Chokani, K., Vooght, M., Babiuk L., Webby, R., Walter, S.D., 2010. Effect
of influenza vaccination of children on infection rates in Hutterite communities: A
randomized trial. Journal of the American Medical Association 303(10), 943-50.

Falk, A., Ichino, A., 2006. Clean evidence on peer effects. Journal of labor economics 24(1),
39-57.

National Center for Health Statistics. https://www.cdc.gov/nchs/index.htm

OECD., 2016. Universal health coverage and health outcomes.

OECD 2022. Understanding differences in health expenditure between the United States and
OECD countries.

Or, Z., 2000. Determinants of health outcomes in industrialized countries: a pooled, cross-
country, time-series analysis, 53—77. Paris: OECD.

Pestieau, P., Ponthiére, G., Sato, M., 2008. Longevity, health spending, and pay-as-you-go
pensions. Finanzarchiv 64 (1), 1-18.

Sauermann, J., 2016. Performance measures and worker productivity. 1IZA World of Labor.

Schultz, T.P., 2002. Wage gains associated with height as a form of health human capital.
American Economic Review 92(2), 349-53.

Schultz, T.P., 2005. Fertility and income. Yale University Economic Growth Center
Discussion Paper No. 925.

Smith, J.P., 1999. Healthy bodies and thick wallets: The dual relation between health and
economic status. Journal of Economic Perspectives 13(2), 145-66.

Strauss, J., Thomas, D., 1998. Health, nutrition and economic development. Journal of
Economic Literature 36, 766-817.

van Doorslaer, E., Wagstaff, A., Bleichrodt, H., Calonge, S., Gerdtham, U., Gerfin, M., Geurts,
J., Gross, L., Hakkinen, U., Leu, R.E., O’Donell, O., Propper, C., Puffer, F., Rodriguez,
M., Sundberg, G., Winkelhake, O., 1997. Income-related inequalities in health: Some
international comparisons. Journal of Health Economics 16(1), 93-112.

Weil, D.N., 2007. Accounting for the effect of health on economic growth. Quarterly Journal
of Economics 122(3), 1265-306.

Weinzierl, M., 2011. The surprising power of age-dependent taxes. Review of Economic
Studies 78, 1490-518.

White, C., 2021. Measuring social and externality benefits of influenza vaccination. Journal of
Human Resources 56(3), 749-85.

Wolfe, B. L., and M. Gabay (1987) “Health status and medical expenditures: More evidence
of a link,” Social Science & Medicine 25, 883-88

Yew, S.L., Zhang, J., 2018. Health spending, savings and fertility in a lifecycle-dynastic model
with longevity externalities. Canadian Journal of Economics 51(1), 186-215.

Zhang, J., 1995. Social security and endogenous growth. Journal of Public Economics 58, 185—
213.

Zhang, J., Davies, J., Zeng, J., McDonald, S., 2008. Optimal taxation in a growth model with
public consumption and home production. Journal of Public Economics 92, 885-96.
Zhang, J., Zhang, J., Leung, M., 2006. Health spending, saving, and public policy. Canadian

Journal of Economics 39, 68-93.

23


https://www.cdc.gov/nchs/index.htm

TABLE 1. Selected observations in Australia

Descriptions Variables Value
Savings subsidy &s 2%
Consumption tax 7€ 10%
Old- and young-age labor income tax =1 28%
Capital income tax (o 30%
Old-age public transfers (% of GDP) P/y 20.60%
Old- and young-age health subsidies (% of GDP) E0=¢ 68.18%
Total health spending (% of GDP) (m+h)/y 8.8%
Longevity at age 30 T 0.7522
Savings rate (% of GDP) s/y 22%
Fertility per young parent n 0.91
Real GDP per capita y 53308

SOURCE: Consumption tax (The Australian Treasury, 2015; OECD, 2020); taxes on labor and capital income
(OECD, 2000-2020); longevity (Australian Government Actuary, 2000-2017); total and public health spending %
of GDP (OECD, 2000-2020); fertility (OECD, 2000-2020); savings rate and real GDP per capita (World Bank,
2000-2020).

TABLE 2. Benchmark parameterization

t=30 Number of years per period

v=202 Fixed time rearing a child

a=0.7103 Intergenerational discounting factor

B = 0.3552 Taste for parental old-age consumption

p =0.2769 Taste for the number of children

o, =11 Reciprocal of intertemporal elasticity of substitution for consumption
o, =15 Reciprocal of intertemporal elasticity of substitution for fertility

6 =033 Capital’s income share

A =1055.2795  Total factor productivity

§ =431.3664 Coefficient reducing the effectiveness of health spending

e=1 Coefficient reducing the marginal effectiveness of health spending

Y =08 Return factor on health spending

D = 0.8648 Autonomous factor of longevity

¢ =05 Share of young-age health spending in the technology of health status
u=0.09 Elasticity of output with respect to average health in final goods production
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TABLE 3. Comparisons of numerical results at steady states

1) ) ®)
Variables Laissez-faire Australia Benchmark Social Optimum
Old-age longevity (T) 0.6856 0.7522 0.7672
Young-age health spending (h) 887.66 1735.4 2308.9
Old-age health spending (m) 1847.9 2955.7 3095.2
Capital intensity (k) 10264 12888 14053
Output per young worker (y) 44390 53308 55417
Fertility (n) 1.0137 0.9100 0.9244
Young-age labor (1 — vn) 0.7973 0.8180 0.8151
Young-age consumption (c) 20790 24333 24441
Old-age consumption (d) 16350 15811 15793
Welfare (WF) 22.891 22.987 23.011
TABLE 4. Numerical results on taxes and subsidies (%) at steady states
1) ) ®) (4) (5)
Taxesand  Australia Optimal rates at  Optimal rates at  Optimal ratesat ~ Optimal rates
subsidies  Benchmark benchmark 7€ = 20% P_ 159 att? =1 =
€75 Py ’ Ply=0
& 0.6818 0.8195 0.7496 0.7631 0.6966
&° 0.6818 0.7716 0.6832 0.7003 0.6161
& 0.0200 0.0695 0.0695 0.0695 -0.1464
T 0.2800 0.2453 0.2546 0.2349 0.0000
7° 0.2800 0.4052 0.1748 0.2194 0.0000
7€ 0.1000 0.1000 0.2000 0.1000 0.1056
75 0.3000 0.3000 0.3000 0.3000 -0.6322
Ply 0.2060 0.2060 0.2060 0.1500 0.0000
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TABLE 5. Optimal public policies and health insurance at steady states

1) ) ®)
Policies ~ Optimal rates at benchmark  Optimal ratesat § = £° =  Optimal ratesat & = ¢ =
£,E°, 75,75, P/y TCZTS=§=O TC=T0=T=§=0
T 0.1401 0.7224 0.6966
m° 0.0928 0.6487 0.6161
1]y 0.0058 0.0301 0.0290
1°)y 0.0040 0.0278 0.0264
T 0.2076 -0.0866 0.0000
7° 0.4130 0.0850 0.0000
&s 0.0695 0.0000 0.0563
& 0.6818 0.0000 0.0000
&° 0.6818 0.0000 0.0000
( 0.1000 0.0000 0.0000
75 0.3000 0.0000 0.2431
P/y 0.2060 0.0000 0.0000

Optimal 2 = 0.7236 and A1° = 0.6503 are fixed across cases as they do not vary with public policies.

TABLE 6. Optimal health insurance and labor income taxes at benchmark ¢, 7% and P/y at
steady state

@ ) ®3) (4)
Policies  Optimal rates given  Optimal rates given ~ Optimal rates given ~ Optimal rates given
E=¢82=0.6 E=82=04 E=§89=0.2 E=82=0
T 0.2232 0.4265 0.6298 0.8331
° 0.1763 0.3805 0.5847 0.7889
1]y 0.0093 0.0178 0.0262 0.0347
1°/y 0.0076 0.0163 0.0251 0.0338
T 0.1813 0.1172 0.0531 -0.0110
7° 0.4174 0.4283 0.4392 0.4501

Optimal £ = 0.0695 as it does not vary with & and &°.
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FIGURE 1. Health spending (% of GDP) and Longevity
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FIGURE 2. Labor force participation, Fertility and Real GDP per capita
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FIGURE 3. Sensitivity of optimal allocations, public health and savings subsidies,

income tax and welfare to variations in u at benchmark ¢, t* and P /y at steady state
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FIGURE 4. Sensitivity of optimal health insurance and labor income taxes to variations in u
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Appendixes

A. Proof of Proposition 1. These conditions for socially optimal taxes and subsidies arise from
equating the equilibrium conditions with the socially optimal conditions. Substituting market
clearing conditions, consistency, zero profit condition, (5), (6) and (v) into the single budget
constraint of the dynasty recovers feasibility in (7). Substituting consistency, (i), (iv), (5), (6),
(19) and s; = k.4 1n; into (22) yields (12). Substituting consistency, (ii), (iv), (5), (6) and (19)
into (20) yields (10). Substituting consistency, (iii), (5), (6) and (14) into (21) attains (11).
Substituting (iv), (5) and (6) into (19) gives (9).

B. Steady-state socially optimal allocation with specific functions. Using specific functions,

the steady-state socially optimal allocation from conditions (7) to (12) is as follows:
y(1-aB)—h—-mT(h,m)/n

(Al) c= T,
1+(1/n)(/3n/a)0_1
c
(A2) d _( ) ! (T(hm))

(A3) k= aby/n,
(A9 fulk, Qh,m), 1) + (2) Ty(h, m)[f,(k, 0, m), 1) —m] = 1 =0,

(A5)  fnll, QCR,m), 1) + (22 [£, (e, 2, m), ) — m] = T2 =,

(A6) pn?792¢%1 + [c(%n)a + mT(h, m)] —

fi(k, Q(h, m),D[vn?* + aT (h,m)| + yabn = 0,

where y = [4(<2)°|™ (@t m))'L fitk 0,1 = @~ 0391,

_ T(h, m)ll)c?fﬁ T(h m)ys(1-¢)

From (A3) and the expression for f;, binding solvency requires R = f;, = n/a > 1.

C. Proof of Proposition 2. Conditions (19) to (22) with specific functions at steady state are

abyn(1-1°5)
n(1-&S)—ars’

(A7) s=

(A8) (%) Tu(h, m)I( = 7°)fy(k, Ak, m), D) = (1 = £°)m] = (1= &) =0,
(R9) TR, m)[(1 = T)fi ke, R, m), 1) — (1 = £2)m] = (1 = §)T(h,m) =0,
(A10) pn?%2¢%(1+ 1¢) — fi(k,Q(h,m),D[(1 — T)vn? + a(1 — 1°)T(h,m)] +

o [c(%n)f’l_l(l +19)+ (1 -&°)mT(h,m) — P —6yn+ t5(0yn — 1)] = 0.
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Substituting (iii) into (A7) yields (A3). Substituting (ii) and (iv) into (A8) attains (A4).
Substituting (iv) into (A9) yields (A5). Substituting (i), (ii), (iv) and (v) into (A10) gives (A6).
From (s, h, m, n) in conditions (A7) to (A10), other variables follow Appendix B.

D. Proof of Proposition 3. At the steady state, first-order conditions with respect to d and s

are similar to (A2) and (A7). First-order conditions (37) to (39) with specific functions are
(A11) () Tu(h m)[(1 = 1) filk, AR, m), 1) = (1 = 7° = £)m] = (1 =7 = §) =0,
(A12) Tp(h, m)[(1 —1°)fi(k, Q(h,m),1) — (1 —7° —§°)m] -

(1-n°—-¢°)T(hm) =0,
(A13) pn?7%2¢%(1+ 1¢) — fi(k,Q(h,m),D[(1 — T)vn?® + a(1 — 1°)T(h,m)] +

a c(%n)ﬂil(l +1)+ (1 —-¢&)mT(h,m) —1°2°—P — Oyn+ t5(6yn — 1)| = 0.
Given (&,¢é°,P,1¢, 1), optimal (é5,7,7%) and (m,7?,1,1° 4,1°) are as follows:

() & =00

n

i)

C4A,E04 k(a—vn)&S  (vn—a(1—vn))P am(1-vn) fm (k.Q(h,m),1)2

(i) 70 = e ot S
= 2 |
o _ MmkQhm),D+1°f1(k,Q(RmM) DT(hm) 4
(i) m® = Tm(h,m)m+T(h,m) $%
i = 1 a[T (hm)(m&°—f1(k,Q(h,m),)T°)+P+mnfm (k,Q(h,m),)r°]
) == (Ufl(k,ﬂ(h,m),l)){ ) +

re [FRmatnJABWD — vfi(k, (h,m), 1) — k| — ké*},

n2
f1(k,Q(h,m),)T(h,m)aT (h,m)T°
Nn[Ty (h,m)m+T (h,m)]

$)

V) 7= fulk, O, m), 1) (1 — Q)

Tm(hm)m+T(h,m)

_ In(-frkQrm),D)-Th(hm)a(f1(kQ(hm),)-m)]¢
n

(vi) I = hm,
(vii) 1° = mT(h,m)n°
(viii) 1 = f, (k, Q(h,m), D),

nfm (k,Q(h,m),1)
T(h,m)

Substituting (i) and s = kn into (A7) yields (A3). Substituting (ii), (iii) and (v) into (All)
yields (A4). Substituting (ii), and (iii) into (A12) yields (A5). Substituting conditions (i) to (iv),

(ix) 2°=

(vii) and (ix) into (Al13) yields (A6). Substituting market clearing conditions, the zero-profit
condition in production, the zero-profit condition for health insurance provision, the
government budget constraint, (vi) and (vii) into (36) can recover feasibility in (7) at the steady
state or optimal c in (Al). Conditions (viii) and (ix) follow (29) and (30). Finally, conditions

(1), (i) and (iv) satisfy the government balanced budget constraint.
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