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Abstract. We propose a two-period overlapping generation economy that incorporates

health investment in preventive measures during youth. These preventive measures con-

tribute to increased longevity and reduced frailty, which influence old-age care costs. As

these costs are funded through pay-as-you-go social security contributions, investment in

prevention creates externalities for the next generation. We analytically determine the opti-

mal level of prevention and characterize the optimal health policy that a government should

implement to achieve it. Our findings reveal that the optimal subsidy to healthcare exceeds

the optimal subsidy to preventive measures. Furthermore, both subsidies are inversely re-

lated to the generosity of the public pension scheme. We explore the robustness of our

results through various extensions and demonstrate their consistency with several patterns

observed in cross-country OECD data.
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Résumé non technique

To bring about change in public health, we depend on social security

financing. This is where the link with prevention becomes crucial. By

implementing effective prevention in the country, we can avoid unnecessary

expenses and contribute to the financial balance of the country.

Martine Deprez, Luxembourg’s Minister of Health and Social Security,

Chronicle.lu interview, 12 December 2023

Selon le dernier rapport sur le vieillissement publié par la Commission européenne, la hausse

des coûts des soins de santé liés au vieillissement va fortement peser sur les dépenses publiques

au Luxembourg. Ce défi pour la soutenabilité des finances publiques pourrait augmenter le

rendement que les marchés exigent pour la dette souveraine et donc compliquer la transmis-

sion de la politique monétaire.

Si les coûts de la santé augmentent avec l’âge, il est cependant possible d’investir pendant

la jeunesse dans des soins de santé préventifs (tels que le dépistage médical, l’immunisation,

une alimentation saine, mais aussi la réadaptation et les traitements). En effet, de tels in-

vestissements peuvent ralentir la détérioration de la santé et réduire la fragilité des personnes

âgées, et donc contenir les coûts de leurs soins de santé. Cependant, les mesures préventives

peuvent également contribuer à une espérance de vie plus longue et donc à des dépenses

totales de santé supplémentaires. En tenant compte de ces deux canaux de transmission

(fragilité et longévité), nous déterminons le niveau optimal de prévention. Comme ce niveau

ne peut pas être atteint sans l’intervention de l’Etat, nous caractérisons la politique de santé

nécessaire pour rétablir cet équilibre optimal et nous démontrons comment elle interagit avec

d’autres caractéristiques de l’économie.

À cette fin, nous modélisons une économie d’équilibre général à générations imbriquées

dans laquelle les agents vivent deux périodes. Dans ce modèle, les investissements en santé

préventive sont uniquement possibles dans la première période (jeunesse). Comme le nombre

total de personnes dépendantes résulte de la combinaison de la longévité et de la fragilité,

l’effet de l’investissement en santé sur la dépendance (et ses coûts associés) est a priori am-

bigu. Par ailleurs, en raison de la structure des générations imbriquées, quand un individu

choisit librement son niveau d’investissement en santé, ce choix a un effet sur les autres indi-

vidus (externalités). Plus précisément, la génération plus jeune, qui porte le poids financier

des pensions et des coûts de dépendance, est directement influencée par les décisions de

santé de la génération précédente. Par conséquent, sans intervention de l’Etat, l’équilibre



ON OPTIMAL SUBSIDIES FOR PREVENTION AND LONG-TERM CARE 3

qui résulte est sous-optimal. Néanmoins, sous certaines conditions, il existe une politique de

santé qui permet d’atteindre l’équilibre ‘optimal’.

Dans le cadre de notre modèle, nous supposons que le gouvernement peut manipuler deux

instruments de politique de santé : le prix relatif de l’investissement en santé (par le biais

de subventions à la prévention) et le prix relatif des coûts de dépendance (par le biais de

subventions aux soins). Nous montrons que la subvention optimale aux soins doit être plus

importante que la subvention optimale à la prévention, et que les deux subventions sont

inversement proportionnelles à la générosité du système de pension. Nous explorons la

robustesse de nos résultats à travers diverses extensions et démontrons leur cohérence avec

plusieurs tendances observées dans les données de l’OCDE.
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1. Introduction

Healthcare costs surge in old age. For example, in the United States, the average healthcare

expenses for individuals aged 65 and older are 2.6 times greater than the national average

(De Nardi et al., 2016). Young adults may opt to invest in preventive healthcare (such as

medical screening, immunization, healthy diet, but also rehabilitation and treatments), as

early investments in prevention may slow down the deteriorating health conditions associated

with aging (Sirven et al., 2017). In turn, this reduction in frailty has been shown to help lower

health care costs in old age (Sirven and Rapp, 2017). However, preventive measures may

also contribute to a longer life expectancy and therefore may potentially raise total health

expenditures (see for instance Breyer and Lorenz, 2021, for a discussion). Given these two

transmission channels (frailty and longevity), we analytically determine the optimal level of

prevention and whether it can be obtained through a private allocation of resources. As the

answer turns out to be negative, we characterize the optimal health policy needed to attain

the efficient equilibrium and we demonstrate how it interacts with other characteristics of

the economy.

To this end, we construct a general equilibrium overlapping generation (OLG) economy

in which agents live for two periods. For simplicity, we introduce quasi-linear preferences

and assume the absence of capital. Therefore, income in the second period is limited to

benefits from a pay-as-you-go pension system. We allow for health investment in prevention

during youth, which boosts longevity (or, equivalently, the likelihood of surviving the first

period) and reduces frailty (or, equivalently, the likelihood of dependency in old age, given

survival). We show that the total number of dependent individuals is the combined outcome

of longevity and frailty. As a result, the effect of health investment on dependency is a priori

ambiguous.1 Importantly, being dependent in old age entails costs (dependency or long-term

care costs).

The choice of health investment by the current generation influences the cost of social se-

curity (pension and dependency) by the next generation. Specifically, the longevity channel

raises pension and dependency costs. Because this is not internalized by the current genera-

tion, it creates an incentive to over-invest. On the other hand, the frailty channel decreases

dependency costs and generates an incentive to under-invest. In other words, our model

includes a pension externality due to the longevity channel (over-investment), and a depen-

dency externality due to both the longevity and frailty channels (over- or under-investment

depending on their relative strengths). As a result, the steady state of the decentralized

equilibrium is suboptimal. To address the two externalities, the government considers two

1With a continuum of identical agents, the law of large numbers ensures that the number of agents

who survive the first period and become dependent in the second period equals the corresponding ex-ante

probabilities for a single individual. As a result, we use the two concepts interchangeably.
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health policy instruments: the relative price of health investment (via subsidies to preven-

tion) and the relative price of dependency costs (via subsidies to long-term care). A subsidy

to prevention obviously encourages preventive measures and reduces consumption, while a

subsidy to long-term care decreases the incentive for prevention and yields uncertain effects

on consumption. We show that when the frailty channel is sufficiently strong, an interior

optimal Ramsey steady state exists and is stable. Hence, a Ramsey equilibrium cannot exist

in a model with only the longevity channel (that is with no frailty channel). To achieve

this Ramsey equilibrium, we demonstrate that the subsidy to long-term care must be higher

than the subsidy to prevention, and that the gap between them is positively linked to the

strength of the longevity channel. Put differently, in the absence of the longevity channel, the

two subsidy rates would need to be equal. The intuition is that a robust longevity channel

leads to excessive health investment, requiring a higher subsidy for long-term care (relative

to prevention) to counterbalance it. Moreover, both subsidies are inversely related to the

generosity of the pension system. Therefore, in our stylized model, a more generous pension

scheme should be accompanied by less state support for the health system.

To explore the robustness of our results, we impose concavity on utility functions of young

and old, consider a fully-funded pension scheme, and introduce the notions of incompressible

longevity and incompressible frailty. We also consider informal care, where relatives reduce

their market labor supply to provide free long-term care, and demonstrate that this is a

special case of our model. We also illustrate our analytical results through a parametrization

exercise. Finally, we gather cross-country data on prevention, public health, and pension

policies, to show that our results align with several observed patterns. These patterns include

a positive correlation between the two health subsidies, a positive correlation between the

prevention subsidy and health investment, a negative correlation between the long-term care

subsidy and health investment, and a negative correlation between the subsidy to health

investment and the pension replacement rate.

Our paper contributes to two strands of the theoretical literature. On the one hand, several

papers explore the relationship between prevention, cure, and dependency. For example,

Menegatti (2014) develops a two-period framework and examines optimal levels of prevention

(in the first period) and cure (in the second period). He analyzes the effects of changes in

prevention costs and cure costs. Brianti et al. (2018) extend the model to demonstrate how

optimal choices are influenced by uncertainty regarding disease effects and cure effectiveness.

In addition, Schünemann et al. (2022) propose a continuous-time life-cycle setup, where, by

investing in health, an agent reduces frailty but increases longevity. Dependency expenditure

is not a choice variable but directly results from the transmission of prevention through the

frailty and longevity channels. Garcia Sanchez et al. (2023) only consider the frailty channel

but introduce uncertainty regarding the link between prevention and frailty. They show that
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uncertainty lowers prevention. These are all partial equilibrium models and therefore do not

discuss whether individual prevention levels are socially optimal.

On the other hand, some papers study socially optimal health investment within models

featuring externalities. Atolia et al. (2021) construct a growth model where health invest-

ment enhances labor productivity. However, health acts as an externality since it is a non-

remunerated input in the production function. This leads to under-investment in health, and

the optimal policy involves implementing a positive subsidy. In a similar vein, Marchiori and

Pierrard (2023) explore a two-period OLG model. Prevention in the first period unequiv-

ocally reduces dependency expenditures in the second period (due to the absence of the

longevity channel), and these expenditures are entirely subsidized. Our model generalizes

the framework in Marchiori and Pierrard by incorporating a longevity channel and partially

private expenditures on long-term care. We demonstrate that the inclusion of longevity and

private expenditures mitigates the under-investment in health identified by Marchiori and

Pierrard (2023), reducing the optimal prevention subsidy.

Lastly, while the model developed here is very simple, the insights we gain hold promise for

considerable generalization. Hence, it can serve as a useful guide to exploring larger and

more quantitative models in the future. The remainder of the paper is organized as follows.

Section 2 presents the dynamic equilibrium and Section 3 discusses the resulting steady state.

Section 4 presents the Ramsey equilibrium and proves its stability. Section 5 discusses several

extensions. Section 6 provides a parametric illustration and presents selected cross-country

data. Section 7 concludes.

2. The model

In our model, time is discrete and runs to infinity, but individuals’ lives span at most two

periods. For simplicity, the size of each new generation is constant and normalized to 1. In

the first period, individuals supply one unit of labor inelastically, earning the wage rate wt.

Their after-tax income is divided between consumption ct and health investment xt. The

probability of surviving the first period is ε(xt), where ε(xt) is increasing and concave in

xt. Conditional on surviving the first period, individuals retire with a pension of γwt, face

long-term care (LTC) costs with probability π(xt), which is decreasing and convex in xt, and

consume their residual income dt+1.2 The government uses a labor income tax τt to subsidize

a fraction φ of health investment and a fraction θ of LTC costs. For simplicity, we do not

introduce capital but discuss this extension in Section 5.

2The unconditional dependency probability is therefore ε(xt)π(xt), which also equals the number of

dependent individuals.



ON OPTIMAL SUBSIDIES FOR PREVENTION AND LONG-TERM CARE 7

2.1. Households. An individual of generation t chooses consumption levels {ct, dt+1} for

the two periods of life and health investment xt, to maximize

log ct + βε(xt)Et v̄dt+1 , (1)

subject to the first period budget constraint

ct + (1− φ)xt = (1− τt)wt , (2)

as well as to the second period budget constraint

dt+1 + (1− θ)µwt+1 = γwt , with probability π(xt) , (3a)

dt+1 = γwt , with probability 1− π(xt) , (3b)

where β ∈ (0, 1) is the discount factor and v̄ > 0 governs the marginal utility of consumption

at t+1. We assume a quasi-linear lifetime utility function, which enables us to solve both the

decentralized equilibrium and the Ramsey allocation analytically (see for instance Koskela

et al., 2002, for a similar quasi-linear utility function in a 2-period OLG model). In Section 5,

we also introduce concavity in the second period to explore the robustness of our results. In

the first period, τt is the labor income tax and the net wage is used to consume or invest

in health. In the second period, γ ∈ (0, 1) is the replacement rate of the pension scheme.

Without frailty (as shown in equation (3b)), income is entirely consumed. With frailty (as

shown in equation (3a)), income is split between consumption and LTC costs. In this case,

µ > 0 is the number of LTC units needed and wt+1 represents the cost per LTC unit.3 Public

policy parameters φ and θ ∈ (−1, 1) either tax (if negative) or subsidize (if positive) health

investment and LTC costs, respectively. We allow for negative values because there is no

theoretical reason to exclude ex ante that the optimal policy will be a tax. Every period,

the labor income tax is adjusted to satisfy the government budget constraint (see below).

Importantly, we consider here formal – or market – LTC care. However, LTC is sometimes

supplied informally by relatives, mainly family members and predominantly women (OECD,

2023). We show in Section 5 that informal care is a special case of our model, and we discuss

optimal prevention in this case.

Inserting (2), (3a) and (3b) into (1) results in an unconstrained maximization program in

xt.
4 The resulting optimality condition can be written as

1− φ
ct

= βv̄ [ε′(xt)dt+1 − ε(xt)(1− θ)µwt+1π
′(xt)] . (4)

3Appendix A provides micro-foundations. Briefly, we assume a 2-sector economy (goods and LTC services)

and we show that if the LTC sector is labor intensive and operates a linear technology, then the price of

LTC services is equal to the wage in this sector. Moreover, when the labor supply is perfectly substitutable

between the two sectors, wages are equal.
4Because of the linear utility in the second period, equations (3a) and (3b) aggregate into dt+1 +π(xt)(1−

θ)µwt+1 = γwt, which can be directly inserted in (1).
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This Euler equation balances the marginal cost of investing an extra unit in health today

(left-hand side) with its marginal benefit tomorrow (right-hand side). As mentioned earlier,

the latter has two components: higher longevity and lower frailty.

2.2. Firms. The production side of the economy is standard, with a set of competitive firms

operating a linear technology with labor as the only input. At equilibrium, the wage rate is

therefore

wt = A, (5)

where A > 0 captures labor productivity.

2.3. The Government. The government subsidizes (or taxes) a share φ of health invest-

ment (‘prevention subsidy’) and a share θ of LTC costs (‘care subsidy’). In addition, it funds

the pension scheme with replacement rate γ.5 In our model, one period represents half a

lifetime. Hence, we assume the government balances its budget every period, covering its

expenditures through the income tax τt

φxt + Λ(xt−1)θµwt + ε(xt−1)γwt−1 = τtwt. (6)

Here we define Λ(xt) = ε(xt)π(xt). As already explained, Λ(xt) is the unconditional proba-

bility of becoming dependent or, equivalently, the number of individuals facing LTC costs.

We discuss theses functions below.

2.4. Frailty, Longevity and Dependent Individuals. Functions ε(x) and π(x) are cru-

cial in our analysis, because they determine the effects of health investment. We assume the

following.

Assumption 1. The longevity function ε(x): R+ → [0, 1) has ε′(x) > 0, ε′′(x) ≤ 0, ε(0) = 0,

ε(∞) = 1, and ε′(0) = a with a > 0. The frailty function π(x): R+ → [0, 1) has π′(x) < 0,

π′′(x) ≥ 0, π(0) = 1, π(∞) = 0, π′(0) = −b with b > 0.

These assumptions are standard in the literature. Assumption 1 implies that health in-

vestment boosts the probability of surviving the first period, and lowers the conditional (on

surviving) probability of incurring LTC costs in the second period. In addition, the effect of

5We show later we have two externalities (namely the pension and the dependency externalities) and we

therefore need two policy instruments in the Ramsey problem. We choose the two subsidy rates (θ and φ)

as instruments. Obviously, the optimal settings of these instruments will depend on the value of the pension

replacement rate γ. Any other instrument choice (e.g. γ and φ with θ given) would produce a similar

analysis.
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each extra unit of x on these probabilities decreases in x, ensuring the maximization problem

is well defined.

As noted earlier, the product Λ(x) of the functions ε(x) and π(x) determines the number of

dependent individuals in old age; that is, those facing LTC costs (or dependency costs) in

the second period. Assumption 1 immediately implies the following properties.

• ε′(∞) = ε′′(∞) = 0;

• π′(∞) = π′′(∞) = 0;

• Λ(x): R+ → [0, 1];

• Λ(0) = Λ(∞) = 0;

• Λ′(0) = a and Λ′(∞) = 0;

• Λ(x) ≤ ε(x), Λ(xt) ≤ π(x), Λ′(x) ≤ ε′(x) and Λ′(x) ≥ π′(x);

• Λ′′(0) = ε′′(0)− 2ab < ε′′(0) ≤ 0 and Λ′′(∞) = 0;

• ∃! x̄ ∈ (0,∞) such that Λ′(x̄) = 0;

• ∃! ¯̄x ∈ (0,∞) such that Λ′′(¯̄x) = 0;

• ¯̄x > x̄.

Since these are not particularly enlightening, Figure 1 provides a graphical analysis. As

probabilities, ε(x) and π(x) range between 0 and 1. The former is increasing and concave,

whereas the latter is decreasing and convex. This makes sense: though x raises (lowers) the

probability of survival (facing LTC costs), there are decreasing returns to scale. That is, the

return of each extra unit of x declines as x increases.

Given these properties, the number of dependent individuals, Λ(x), also ranges between 0

and 1, forming an inverted U-shaped function of x. Indeed, raising the health investment

of generation t from very low levels results in a non-monotonic impact on the number of

dependent individuals. Up to the threshold x̄, health investment increases the number of

individuals incurring LTC costs. However, once that threshold is crossed, health investment

has the opposite effect. The logic is straightforward: higher health investment boosts in-

dividuals’ lifespans, expanding the pool of potentially dependent individuals. At the same

time, higher health investment lowers the incidence of LTC costs. The balance between these

competing effects determines how the share of dependent individuals reacts to higher health

investment.

For future reference, Figure 1 also highlights the inflection point ¯̄x, where Λ(x) transitions

from being concave to convex. By construction, ¯̄x always lies to the right of x̄. This inflection

point ¯̄x will play an important role in the analysis of the decentralized and Ramsey equilibria.

Indeed, Section 4 will show that the optimal steady state equilibrium obtained by solving

the Ramsey problem can only exist to the right of ¯̄x, and that conditional on its existence,

this equilibrium is locally stable. As a consequence, in Section 3, we introduce restrictions



ON OPTIMAL SUBSIDIES FOR PREVENTION AND LONG-TERM CARE 10

Figure 1. Graphical Analysis of ε(x), π(x), and Λ(x)

x

ε(x)

π(x)

Λ(x)

x̄ ¯̄x

1

Notes. ε(x) and π(x) are the longevity and frailty functions, respectively, whose properties are given in

Assumption 1. Λ(x) = ε(x)π(x) is the resulting dependency function. x̄ and ¯̄x are such that Λ′(x̄) = 0

and Λ′′(¯̄x) = 0, respectively.

on parameters such that the decentralized steady state equilibrium also locates to the right

of ¯̄x. Given the appropriate policies, the decentralized equilibrium thus converges to the

Ramsey equilibrium.

Finally, in Section 5, we modify the ε(x) and π(x) functions to take into account the notions

of incompressible longevity and incompressible frailty. We show how these affect the Λ(x)

function and hence the Ramsey equilibrium.

2.5. Decentralized Equilibrium and Externalities. Combining (2) and (6) to eliminate

τt, inserting (3a) and (3b) into (4) to eliminate dt+1, and using (5) to eliminate wt results in

the following dynamic system of equations

1− φ
ct

= βv̄A [ε′(xt)(γ − π(xt)(1− θ)µ)− ε(xt)(1− θ)µπ′(xt)] , (7)

ct + xt = A [1− ε(xt−1)(θµπ(xt−1) + γ)] , (8)

in the unknowns ct and xt. Hence, given the predetermined variable xt−1, equation (8)

determines the total level of resources available to the young generation, and equation (7)

determines how the young generation splits these total resources between consumption and

health investment.

Importantly, the decentralized equilibrium provided by (7)-(8) is not optimal. Indeed, two

externalities violate the necessary conditions of the Fundamental Welfare Theorems. The

first one is the pension externality. Higher health investment of generation t results in a

larger population of elderly individuals at t+ 1. The ensuing pensions must be financed by

taxing the next generation of workers. This higher tax burden for individuals born at t+1 is
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not internalized by generation t when choosing its health investment. This externality, which

is due to the longevity channel only, leads to an over-investment in health and is magnified

by the replacement rate γ.

The second one is the dependency externality. This reflects the need to finance the LTC

subsidy and therefore only exists when θ is different from zero. In this case, the logic is

as before: generation t does not internalize that its health investment at t determines the

public LTC bill that will be financed at t+ 1 by the next generation of workers. This second

externality is due to both the longevity and the frailty channels. The longevity channel

produces over-investment while the frailty channel produces under-investment (assuming a

positive θ). The sign of the net effect is therefore ambiguous and depends on the relative

strength of the two channels. In any case, the parameter µ (size of required LTC services)

amplifies the net effect.

3. Decentralized Steady State Equilibrium

As explained in the introduction, we focus on the steady state, where all variables are

constant. In Section 3.1, we first examine the first order equation (7) which will be rewritten

as c = 1/f(x). In Section 3.2, we then study the budget equation (8) which will be rewritten

as c = g(x). In Section 3.3, we finally characterize the steady state decentralized equilibrium

(x∗, c∗) as the intersection of these two curves.

3.1. First Order Condition. Recall that this first equilibrium condition balances the mar-

ginal utility of consumption of each new generation with the marginal return of health in-

vestment. At the steady state, this equation is

1

c
= f(x) ,

where

f(x) =
ṽA (γε′(x)− (1− θ)µΛ′(x))

1− φ
. (9)

Here ṽ = βv̄ is the discounted marginal utility of consumption in the second period con-

ditional on surviving from the first period. In addition, the term Aγε′(x) represents the

extra income earned from increasing longevity. In turn, the term (1 − θ)AµΛ′(x) captures

the extra cost incurred from raising dependency. Lastly, 1− φ is the relative price of health

investment. We assume the following.

Assumption 2. γ > 2µ.

In words, income in the second period (γA) must be at least twice the level of LTC

costs (µA). This assumption provides a sufficient condition ensuring that f(x), and hence

consumption, is always positive. Under Assumption 1, we also have f(∞) = 0. However, we

cannot infer the slope of f(.), which can be positive or negative.
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3.2. Budget Constraint. The second equilibrium condition ensures that total income in

the first period equals total expenditures. At the steady state, this implies

c = g(x) ,

where

g(x) = A (1− γε(x)− θµΛ(x))− x . (10)

Hence, consumption in the first period can be expressed as income net of taxes (to fund the

pension scheme and the long-term care subsidy) minus health investment. Under Assump-

tion 1, we have g(0) > 0, g(∞) = −∞. Once again, however, we cannot determine the slope

of g(.), which can be positive or negative.

3.3. Equilibrium. The preceding subsections analyzed each equilibrium curve separately

and their intersection represents the decentralized steady state equilibrium (x∗, c∗). However,

since both curves may be upward or downward sloping, we cannot guarantee the existence

and uniqueness of an equilibrium. Moreover, we are interested in a decentralized equilibrium

x∗ > ¯̄x. Indeed, Section 4 shows that the Ramsey equilibrium, if it exists, is to the right of ¯̄x

and is locally stable. Having the decentralized equilibrium in its neighborhood would imply

its convergence to the Ramsey equilibrium under the optimal policy. Here, we therefore

impose parameter restrictions such that one and only one decentralized equilibrium exists

to the right of ¯̄x, for all values of φ and θ ∈ (−1, 1).

More precisely, it is straightforward to show that 1/f(x) is positive and increasing on (¯̄x,∞).

The following assumption ensures that g(x) is decreasing on (¯̄x,∞).

Assumption 3. −A(γε′(x̃) + µΛ′(x̃)) < 1, with x̃ = arg min
x∈(¯̄x,∞)

γε′(x) + µΛ′(x).

The left-hand side of the inequality represents the tax reduction due to an increase in

health investment and the inequality means that the tax reduction must be below one for

all x ∈ (¯̄x,∞). In this case, an increase in x can never be fully offset by lower taxes and

consumption must decrease. The next assumption ensures that 1/f(¯̄x) < g(¯̄x).

Assumption 4. 2
ṽAγε′(¯̄x)

< A(1− γε(¯̄x)− µΛ(¯̄x))− ¯̄x.

This assumption requires that the right-hand side is positive and that productivity (or

gross output) A is sufficiently high. Recall that g(∞) = −∞ and that the decentralized

equilibrium is the intersection of curves 1/f(x) and g(x). Then we have the following propo-

sition.

Proposition 1 (Decentralized Steady State Equilibrium). Under Assumptions 1, 2, 3 and 4,

there exists a unique c∗ > 0 and x∗ > ¯̄x satisfying c = 1/f(x) and c = g(x), for all policy

parameters φ, θ ∈ (−1, 1). Moreover, ∂x∗/∂φ > 0 and ∂x∗/∂θ < 0.
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Figure 2. Decentralized Equilibrium when x∗ > ¯̄x

Case 1: subsidy to prevention

x

c

x∗

c∗

1/f(x)

∆+φ

g(x)

Case 2: subsidy to care

xx∗

c∗

c

1/f(x)
∆+θ

g(x)

∆+θ

Notes. The intersection of the curves 1/f(x) and g(x) is the decentralized equilibrium (x∗, c∗). Case 1

shows how an increase in φ (subsidy to prevention) moves the two curves and hence the decentralized

equilibrium. Case 2 shows how an increase in θ (subsidy to care) moves the two curves and hence the

decentralized equilibrium. In Case 2, we draw the curves such that ∆c∗ = 0 but we could also get a

higher c∗ or a lower c∗.

Given that, under the above assumptions, 1/f(x) > 0 is increasing, g(x) is decreasing,

g(∞) = −∞ and 1/f(¯̄x) < g(¯̄x), the first part of Proposition 1 is straightforward. Figure 2

illustrates this equilibrium. How strong are the above assumptions? Though we cannot

provide a definite answer, we show in Section 6 that a standard model parametrization

respects them and therefore leads to a unique equilibrium to the right of ¯̄x.

Next, we assess how changes in the two policy parameters affect the decentralized equilib-

rium. The left panel in Figure 2 shows how the 1/f(x) and g(x) curves react to an increase

in the prevention subsidy φ. Raising φ boosts the marginal return f(x) of health investment

(equation (9)), shifting the curve 1/f(x) downwards. The intuition is straightforward. 1−φ
is the relative price of health investment. As a result, an increase in φ boosts the latter’s

marginal return, as fewer resources are required to obtain the same benefit. In addition, φ

has no effect on the budget curve g(x) (equation (10)), as it is just a transfer among newborn

individuals. Combining these two insights leads to a straightforward conclusion: raising the

prevention subsidy promotes health investment x∗, at the expense of consumption c∗.

The right panel in Figure 2 shows that an increase in θ shifts 1/f(x) upwards. Indeed, as

long as higher health investment lowers the number of individuals facing LTC in the second

period (which is the case when x∗ > ¯̄x), then increasing the care subsidy θ reduces the

marginal return f(x) of health investment. In other words: higher θ’s shield individuals

from LTC costs, making health investment less attractive. Moreover, a higher θ moves g(x)
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downwards as it unambiguously implies higher taxes. As a result, a higher care subsidy

reduces x∗ while having an ambiguous effect on c∗.

The second part of Proposition 1 summarizes these policy effects and Section 6 investigates

how far relationships between health investment and the two subsidies are observable in

cross-country data.

3.4. Alternative Scenarios. As noted earlier, health investment has a twofold impact: it

raises the probability ε(x) of surviving the first period and, conditional on surviving, lowers

the probability π(x) of incurring LTC costs in the second period. The resulting product

Λ(x) represents the number of dependent individuals. In this subsection, we close down

one channel at a time and explore how these hypothetical scenarios affect the decentralized

equilibrium.

No longevity channel. Suppose that prevention does not affect longevity but only frailty.

This type of scenario is found in Marchiori and Pierrard (2023). Mathematically, longevity

becomes exogenous and is given by ε(x) = ε̄ ∈ (0, 1), leading to Λ(x) = ε̄π(x). In this

case, the dependency function Λ(x) is always decreasing and convex for all x ∈ (0,∞) and

¯̄x becomes irrelevant (put differently, we are always to the right of ¯̄x). However, we observe

that Assumption 3 is more difficult to satisfy and that Assumption 4 is always violated.

Importantly, this does not mean that a unique decentralized equilibrium does not exist, but

simply that we can no longer guarantee this equilibrium for all (θ, φ) between -1 and 1.

No frailty channel. Suppose now that prevention does not affect frailty but only longevity.

This type of scenario is found in Leung and Wang (2010). Mathematically, frailty becomes

exogenous and is given by π(x) = π̄ ∈ (0, 1), leading to Λ(x) = π̄ε(x). In this case, the

dependency function Λ(x) is always increasing and concave. Therefore, we are always to

the left of ¯̄x and it is impossible to be in the neighborhood of the Ramsey equilibrium

(in fact we see in the next section that a Ramsey equilibrium does not exist in this case).

However, it is straightforward to show that g(x) is always decreasing and that we easily

obtain 1/f(0) < g(0). In words, a unique decentralized equilibrium is easy to generate but

it will never be optimal, whatever the policy. We come back to this discussion later.

4. Optimal Ramsey Policy

As discussed in Section 3, the decentralized equilibrium (c∗, x∗) is not optimal, for two

externalities violate the necessary conditions of the Fundamental Welfare Theorems: the

pension externality and the dependency externality. Therefore, we now turn our attention

to the Ramsey problem, i.e. a government choosing (φR, θR) to maximize steady state welfare
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W = log(c) + ṽε(x)d, subject to the decentralized steady state equations (Ramsey, 1927).6

Define d̃ = ε(x)d. The Ramsey problem is

max
φ,θ,x,c,d̃,λ1,λ2,λ3

log(c)+ṽd̃+λ1 (f(x; θ, φ)c− 1)+λ2 (g(x; θ)− c)+λ3

(
A(1− µΛ(x))− c− x− d̃

)
Here d̃ = ε(x)d represents total consumption in the second period; f(x; θ, φ) and g(x; θ) are

defined in equations (9) and (10) respectively; and the λ’s are Lagrange multipliers. The

last constraint ensures market clearing.7 The next proposition characterizes the Ramsey

equilibrium and the implied corollary discusses its existence.

Proposition 2 (Ramsey Steady State Equilibrium). The solution to the Ramsey maximiza-

tion program verifies

(a)
1

cR
= ṽ , (b) 1 = −µAΛ′(xR) ,

(c) cR + xR = A
(
1− γε(xR)− θRµΛ(xR)

)
, (d) θR = Aγε′(xR) + φR .

Corollary 1 (Existence of the Ramsey Steady State Equilibrium). A unique Ramsey steady

state equilibrium exists if and only if Λ′(¯̄x) ≤ −1/(µA) and xR ≥ ¯̄x.

Proposition 2 conveys some important insights. First, equation (a) balances the marginal

utility of consumption in the first period with its discounted counterpart in the second period.

Because of the linear utility assumption in the second period, consumption by newborn

individuals only depends on the structural parameter ṽ and not on the policy instruments

(see Section 5 for an extension with concave utility in the second period).

Second, equation (b) reveals how the government sets health investment so that increasing

it by one unit lowers the dependency cost by the same amount. Figure 3 helps understand

this equation. A Ramsey equilibrium exists if and only if Λ′(¯̄x) ≤ −1/(µA); that is, if the

slope of the dependency curve Λ(x) is sufficiently negative for some x. Crucially, assuming

existence, equation (b) has two solutions: one lies to the left of ¯̄x and one to the right of ¯̄x.

However, the Ramsey equilibrium, xR, maximizes welfare, W (xR), if and only if W ′′(xR) < 0.

Since immediate computations yield W ′′(xR) = −ṽAµΛ′′(xR), the maximum occurs when

6In Appendix B, we solve the dynamic Ramsey problem and we show that when the weight on all

generations is 1, the problem is equivalent to solving the steady state Ramsey problem (see for instance

Krueger et al., 2021, for a similar point). We optimize with respect to two policy instruments because we

have two externalities. Using a single instrument would be sub-optimal, while adding a third instrument

(for instance γ) would leave it undetermined.
7We implicitly assume that health investment is strictly positive, meaning we rule out a solution xR = 0

in which individuals would only live in the first period.
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Figure 3. Ramsey Equilibrium

x

Λ′(x)

x̄ ¯̄x xR

a

− 1
µA

Notes. Λ(x) = ε(x)π(x) is the dependency function and the properties of ε(x) and π(x) are given in

Assumption 1. x̄ and ¯̄x are such that Λ′(x̄) = 0 and Λ′′(¯̄x) = 0. xR is the Ramsey equilibrium as

defined by equation (b) in Proposition 2.

Λ′′(xR) > 0. In other words, the Ramsey health investment equilibrium xR is unique and

lies to the right of ¯̄x. Corollary 1 summarizes these conditions.

Third, equation (d) ensures the incentives to over- and under-invest in health cancel each

other out. Indeed, the left-hand side, θR, captures the incentives to under-invest in health

in the first period, since when θR is positive, it reduces the relative price of care below

one. In contrast, the right-hand side represents the two incentives to over-invest in health:

the pension scheme funded by the next generation and the prevention subsidy driving the

relative price of health investment below one. By choosing the optimal allocation of resources,

the government removes all incentives to over- and under-invest in health. Importantly,

equation (d) implies that θR > φR, as θR serves as the sole instrument offsetting the incentives

to over-invest in health arising from the pension scheme and the prevention subsidy.

Lastly, two additional observations deserve further comment. The first relates to a point

made earlier: at the Ramsey equilibrium, (1/f(xR))′ > 0 and g′(xR) < 0. Therefore, in

the neighborhood of xR, the effect of changes in φ and θ are as shown in Figure 2. The

second observation links our Ramsey problem to the golden rule, here denoted by xgr, which

maximizes total steady state consumption, c + ε(x)d = A(1 − µΛ(x)) − x. Choosing x

to maximize total consumption c + ε(x)d immediately leads to our equation (b). In our

setup, the level of health investment prescribed by the golden rule thus coincides with that

determined by the Ramsey problem. Moreover, the Ramsey problem goes one step further

by optimally allocating available resources across generations.
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Figure 4. Local Stability around Ramsey Equilibrium

xt−1

xt

xt = xt−1

xt = S xt−1 + (1− S)xR ,
with |S| < 1

x0 xR

Notes. The curve xt = Sxt−1 + (1 − S)xR is the linear approximation of the true non-linear Ramsey

solution xt = F (xt−1). Since |S| < 1, the solution will converge to xR for any x0 in the neighborhood

of xR. The charts assumes a positive S. When S is negative, the convergence is oscillatory.

4.1. Alternative Scenarios. We here briefly discuss the Ramsey equilibrium when we shut

down the longevity and the frailty channels.

No longevity channel. Suppose ε(x) = ε̄ ∈ (0, 1). Then equation (d) in Proposition 2 sim-

plifies to θR = φR. Indeed, the incentive to over-invest due to the pension externality is no

longer present and θR no longer needs to be strictly above φR. With only the frailty channel

operating, the two health policy instruments are complements (their respective reactions to

any parameter change must be the same).

No frailty channel. Now, suppose π(x) = π̄ ∈ (0, 1). Then equation (b) in Proposition 2 is

−µAπ̄ε′(xR) = 1, which does not admit any solution (see Corollary 1). Therefore, a Ramsey

equilibrium does not exist without frailty channel.

4.2. Local Stability of the Ramsey Equilibrium. To check the local stability of the

Ramsey equilibrium, we linearize the decentralized equilibrium around the Ramsey steady

state and we show that the slope |∂x̂t/∂x̂t−1| < 1, where x̂t = (xt − xR)/xR. This means

that for any xt−1 in the neighborhood of the Ramsey steady state, xt will progressively

converge to xR. Since ct can be expressed as a function of xt, the convergence of xt implies

the convergence of ct. We summarize this property in Proposition 3 and illustrate the proof

in Figure 4.

Proposition 3. Under Assumptions 1 and 2, the Ramsey steady state as defined in Propo-

sition 2 is locally stable.

Proof. See Appendix C. �
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Table 1. Effects of Parameters on Ramsey Equilibrium

xR cR φR θR θR − φR

∆+γ 0 0 - - +

∆+µ + 0 ? - -

∆+A + 0 ? ? ?

∆+ṽ 0 - + + 0

Notes. γ is the pension replacement rate, µ determines the dependency cost, A is total

production and ṽ represents the preference for future utility.

4.3. Comparative Statistics. Table 1 studies how changes in model parameters shape the

Ramsey equilibrium, as deduced from Proposition 2. An increase in the replacement rate

(∆+γ) leaves the optimal allocation of resources unchanged. However, this is not true in

the decentralized equilibrium, where a more generous pension system penalizes first-period

consumption through a higher tax burden.8 To compensate, the policy maker needs to

reduce the generosity of the health system in order to lower the tax burden. Moreover, a

higher γ magnifies the pension externality, i.e. the over-investment in health. As a result,

the reduction in θR must be lower than the reduction in φR, which results in an increase in

the gap between θR and φR. In our model, the optimal Ramsey policy therefore suggests

a tradeoff between public expenditures in pensions and in health. In Section 6, we check

whether this optimal tradeoff can be found in cross-country OECD data.

Faced with an increase in costs through higher LTC needs (∆+µ), the government seeks

to raise health investment, which enlarges the gap with the decentralized level. Indeed, as

explained before, µ magnifies the dependency externality and therefore under-investment

in x. To boost health investment, the government lowers the subsidy to long-term care.

We cannot analytically determine the impact on the prevention subsidy but, in any case, it

cannot decrease more than the subsidy to long-term care, because its effect would be totally

offset. In other words, the gap between θR and φR must decrease.

Similarly, an increase in labor productivity (∆+A), and hence output, also leads to higher

health investment. Nonetheless, the specific policy settings to reach the new allocation

of resources (more health investment) is no longer determined by our general setup, as

it depends on the particular functional forms for longevity, ε(x), and dependency, Λ(x).

Finally, an increase ∆+ṽ in the discounted marginal utility of consumption in the second

period (assuming survival) will lead the Ramsey government to transfer resources from the

young to the elderly. This involves raising the care subsidy, θR, and also the prevention

subsidy φR, to boost the number of individuals surviving the first period.

8Mathematically, equations (9) and (10) imply that ∂f(x)/∂γ > 0 and ∂g(x)/∂γ < 0, which lowers

consumption c∗.
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5. Discussion

This section introduces private savings in order to finance consumption when old, provides

an extension involving a concave utility in the second period, shows that our model may

also address informal long-term care, and presents alternative assumptions regarding the

longevity and frailty functions.

5.1. Fully-Funded Pension System. The pay-as-you-go (PAYG) pension scheme is preva-

lent in developed nations (OECD, 2018, see for instance). In our analysis with a PAYG

system, health investment creates a pension externality for future generations by influencing

their tax burden. As a result, it leads to over-investment in health.

Consider now a fully-funded pension scheme, commonly discussed in textbooks (see for

instance Acemoglu, 2009). This replaces the pension externality with a standard saving

externality. Specifically, individuals ignore that their saving decisions affect the labor income

of future generations, resulting in insufficient investment in capital. Therefore, moving from

PAYG to fully-funded pensions introduces a new variable – capital – in the analysis. It also

replaces over-investment in health with under-investment in capital. Appendix D outlines

a simple OLG model featuring fully-funded pensions, demonstrating that capital in the

decentralized equilibrium is lower than in the Ramsey equilibrium.

Therefore, in a model with only savings, two externalities co-exist (our usual dependency

externality and the new one related to capital) and two policy instruments are still needed

to restore the optimal equilibrium. In a model with savings and a PAYG pension, we have

three externalities (the two aforementioned and the pension externality) and three policy

instruments are needed (for instance θ, φ and the replacement rate γ).

5.2. Concave Utility. The quasi-linear utility function used in Section 2 allows us to obtain

closed-form solutions for the decentralized and the Ramsey steady state equilibrium (see

for instance Koskela et al., 2002; Chien and Wen, 2022, for other papers with quasi-linear

preferences). We now relax this assumption, considering instead a concave utility function

for both periods. Formally, we now maximize

log ct + βε(xt)Et v̄
d1−σ
t+1

1− σ
.

Here σ ∈ [0, 1), where σ = 0 brings us back to the quasi-linear problem.9 We impose σ < 1 to

avoid negative second period utility; that is, a ‘preference for death’ scenario (see for instance

Dragone and Strulik, 2020, for a discussion). The private budget constraints (2) and (3) along

with the public budget constraint (6) remain unchanged. As before, the decentralized steady

9An alternative could be to consider a double-CES utility function
c1−σt

1−σ + βε(xt)v̄
d1−σt+1

1−σ . However, in this

case, our quasi-linear problem no longer corresponds to a special case of this double-CES.
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state equilibrium results from the intersection of the first order condition c = 1/f(x) and

the budget constraint c = g(x). While g(x) is still given by equation (10), f(x) becomes

f(x) =
ṽA1−σ((ε′(x)− Λ′(x))γ1−σ + Λ′(x)(γ − (1− θ)µ)1−σ)

(1− φ)(1− σ)
. (11)

Unfortunately, we cannot determine the impact of σ on the f(x) curve.

As for the Ramsey government’s problem, equations from Proposition 2 now become

1

cR
= ṽ

(
A(γ − (1− θR)µ)

)−σ
,

1

cR
= f(xR; θR, φR) ,

cR + xR = g(xR; θR) ,

−µAΛ′(xR)θR = Aγε′(xR) + φR ,

where f(.) and g(.) are given by expressions (11) and (10), respectively. It is easy to show that

when σ = 0, the above system of equations boils down to Proposition 2. However, strict

concavity in the second-period utility function generates additional relationships between

variables which complicate analysis. Therefore, in Section 6, we calibrate our model to

provide a numerical illustration of the role of concavity.

5.3. Informal Long-Term Care. LTC is frequently provided informally: it is unpaid and

offered by close relatives, often wives and daughters. These care-giving responsibilities can

substantially reduce labor force participation and income (Vangen, 2021; Carrino et al.,

2023). We now adapt our simple model to capture this phenomenon. Suppose LTC is

entirely informal and is supplied by the young generation with a negative impact on their

labor supply. Assume, moreover, that the time spent providing informal care is proportional

to the number of dependent individuals. Consequently, ‘productive’ labor supply is no longer

nt = 1 but nt = 1−µΛ(xt−1). As before, the representative firm maximizes profit Ant−wtnt,
yielding A = wt.

The household inelastically supplies nt unit of time and the budget constraints in the first

and second periods are

ct + (1− φ)xt = (1− τt)wtnt ,

dt+1 = γwt .

Using the definition of nt, the maximization of (1) with respect to xt gives

1− φ
ct

= ṽε′(xt−1)γwt. (12)
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Using the government budget constraint τtwtnt = φxt + ε(xt−1)γwt−1 as well as the firm’s

first-order condition A = wt, we finally obtain

ct + xt = A(1− µΛ(xt−1)− γε(xt−1)) , (13)

ct + xt + d̃t = A(1− µΛ(xt−1)) . (14)

Equations (12) to (14) represent the decentralized equilibrium discussed in Section 2 when

θ = 1. Therefore, we can analyze the informal care scenario through the lens of our simple

model just by setting θ = 1. For example, computing the optimal Ramsey policy gives the

optimal prevention subsidy rate10

φR = −µAΛ′(xR)︸ ︷︷ ︸
> 0

dependency ext.

−Aγε′(xR)︸ ︷︷ ︸
< 0

pension ext.

.

The right-hand side comprises two terms: a term representing the dependency externality,

which requires a positive subsidy to fight under-investment, and a term representing the

pension externality, which requires a negative subsidy to fight over-investment. We provide

a numerical illustration in Section 6.

5.4. Longevity and Frailty Functions. Assumption 1 stipulates that both longevity and

frailty functions range between 0 and 1. This means that with zero health investment, the

probability of survival is nil, and with infinite health investment, the probability of frailty

(conditional on surviving) is also nil. We here question these assumptions and introduce the

concepts of incompressible longevity and incompressible frailty.

First, we suppose that everyone is born with innate health capital, which ensures a strictly

positive probability of surviving, even with no health investment (incompressible longevity,

see for instance Leung and Wang, 2010, for a similar function). Mathematically, we impose

the same restrictions on ε(x) as in Assumption 1, except that ε(0) = ε̄ ∈ (0, 1) (see Case 1

in Figure 5). We can prove that if ε̄ > max[a/b, (2ab − ε′′(0))/π′′(0)], then the resulting

dependency function Λ(x) is decreasing and convex everywhere. As a result, the Ramsey

health investment xR can take any possible value and is no longer restricted to values higher

than a given threshold (¯̄x in Corollary 1).

Second, we impose that prevention cannot fully remove frailty but at best compress it to

a short period before death. To introduce this incompressible frailty (also often named

morbidity compression in the related literature, see for instance Howdon and Rice, 2018),

we impose the same restrictions on π(x) as in Assumption 1, except that π(∞) = π̄ ∈ (0, 1)

10In practice, we solve the Ramsey problem as outlined in Section 4, setting θ = 1 in functions f(.) and

g(.), thus not maximizing with respect to θ. The two other solutions to the Ramsey problem with informal

care are (1− φR)/cR = ṽAγε′(xR) and xR + cR = A(1− (µΛ(xR) + γε(xR))). We use these equations in our

numerical illustration in the next section.
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Figure 5. Alternative Longevity and Frailty Functions

Case 1: incompressible longevity

x

ε(x)

π(x)
Λ(x)

1

ε̄

Case 2: incompressible frailty

x

ε(x)π(x)

Λ(x)

1

π̄

Notes. ε(x) and π(x) are the longevity and frailty functions, respectively, whose properties are given

in Assumption 1, except that ε(0) = ε̄ > 0 in Case 1 (incompressible longevity) and π(∞) = π̄ > 0 in

Case 2 (incompressible frailty). Λ(x) = ε(x)π(x) is the resulting dependency function. Moreover, we

assume that ε̄ is sufficiently high (ε̄ > max[a/b, (2ab− ε′′(0))/π′′(0)]) to imply a decreasing and convex

dependency (Case 1), and that π̄ is sufficiently high (π̄ > − limx→∞ π′(x)/ε′(x)) to imply an increasing

and concave dependency (Case 2).

(see Case 2 in Figure 5). Again, we can prove that if π̄ > − limx→∞ π
′(x)/ε′(x), then the

resulting dependency function is increasing and concave everywhere. In other words, an

interior Ramsey equilibrium does not exist in this case.

Obviously, we could combine incompressible longevity and incompressible frailty. Depending

on their relative strengths, the dependency function Λ(x) may be convex, concave, or mixed

(as in Figure 1).

6. Parametric Illustration and Data

This section reports numerical illustrations using a calibrated version of our model and

compares our results with OECD data.

6.1. Model Calibration. To numerically illustrate some features of our model, we select

the following functional forms satisfying Assumption 1

ε(x) = tanh(ax),

π(x) = exp(−bx),

where a, b > 0. Next, we make specific assumptions about parameter values, setting A = 18;

a = 3.5; b = 1.8; γ = 0.52; µ = 0.13; and ṽ = 0.13. This parametrization satisfies Assump-

tions 2, 3 and 4 and therefore ensures that a unique decentralized equilibrium exists for all

θ and φ in the interval (0, 1), with x∗ > ¯̄x (Proposition 1). In addition, the parametrization
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respects the condition stated in Corollary 1 which allows for a Ramsey equilibrium. Finally,

we suppose that the policy instruments in the decentralized equilibrium equal their Ramsey

counterparts, φ = φR and θ = θR, which implies c∗ = cR and x∗ = xR. The calibration leads

to φR ≈ 20% and θR ≈ 80% as well as c/A ≈ 40%, x/A ≈ 5%, d/A ≈ 50%. Thus, LTC

expenditures over A represents 1 − (c + x + d)/A = 5%. Since in our model A equals total

output, none of these values are unreasonable.

Two points here deserve further comment. First, our parametrization is somewhat arbitrary

and alternative parameter combinations, consistent with the different conditions, could be

used without affecting our discussion. Second, the numerical levels of φR and θR should

not be taken at face value: what matters is their relative levels and how they react to

parameter changes. For instance, we assume the same technology to produce consumption

and prevention goods. Instead, we could consider different productivity in the production of

prevention goods. This would change the relative price of prevention and hence the optimal

levels of the policy parameters but leave all our insights unchanged (see Appendix E for a

thorough discussion).

6.2. Comparative Statistics. In Section 4, we determine analytically how changes to pa-

rameters affect the Ramsey equilibrium, but some changes have ambiguous effects (see Ta-

ble 1). Panel (A) in Table 2 revisits this exercise with the calibrated model and therefore

resolves (conditional on the calibration) the previous ambiguities. These results appear in

the shaded cells in Panel (A) and we only comment them below. ∆+µ magnifies the depen-

dency externality, which generates more under-investment (our numerical illustration focuses

on the parameter space where Λ′(x) < 0). As a result, the subsidy to prevention should in-

crease. We also see that richer countries (∆+A) should adopt more generous health policies.

Since prevention should be higher, the subsidy to prevention should increase more than the

subsidy to long-term care. Finally, the optimal subsidies φR and θR are complements in

most cases. That is, they react similarly to a structural change in the economy (the only

exception being a change in µ).

Interestingly, the two externalities in the model can generate all possible combinations of

under-/over-investment and under-/over-consumption. Remember that the calibration ex-

ercise supposes the policy instruments in the decentralized equilibrium are equal to their

Ramsey counterparts, φ = φR and θ = θR. Therefore, c∗ = cR and x∗ = xR. Now, assume an

increase in µ. This magnifies the dependency externality, which triggers under-investment.

At the same time, the change raises taxes, which produces under-consumption. Obviously,

a decrease in µ would imply opposite results: over-investment and over-consumption. Now

suppose an increase in A. This results in under-investment and over-consumption. Indeed,

while consumption is independent of A in the optimal equilibrium, so that health investment
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Table 2. Effects of Parameters on Ramsey Equilibrium with the Calibrated Model

(a) Baseline model

xR cR φR θR θR − φR

∆+γ 0 0 - - +

∆+µ + 0 + - -

∆+A + 0 + + -

∆+ṽ 0 - + + 0

(b) Concave utility model

xR cR φR θR θR − φR

∆+γ - - - - +

∆+µ + - + - -

∆+A + + + + -

∆+ṽ + - + + -

Notes. We use the calibration A = 18, a = 3.5, b = 1.8, γ = 0.52, µ = 0.13, and ṽ = 0.13; where γ is the pension

replacement rate, µ determines the dependency cost, A is total production and ṽ represents the preference for

the future utility. In Panel (A), the shaded cells are results which can only be shown numerically (conditional

on the calibration). In Panel (B), the shaded cells indicate effects which are absent in the baseline model.

captures the increase in disposable income, this is not the case in the decentralized equi-

librium. Without government intervention, newborn individuals divide their newly gained

income between consumption and health investment, leading to under-investment and over-

consumption. Again, a decrease in A would generate opposite results: over-investment and

under-consumption.

6.3. Concavity and Informal Care. Section 5 presented an extension with concave utility

in the second period of life. Unfortunately, we could not determine unambiguously how σ > 0

affects the f(x) curve and the Ramsey equilibrium. Therefore, we use the calibrated model

to show that increasing concavity (while leaving the other parameters unchanged) reduces

x∗ and increases xR, thus generating under-investment. As a result, the optimal policy

response will lower the gap between θR and φR. Moreover, Panel (B) in Table 2 reports the

usual comparative statistics with a concave utility in the second period.11 In our baseline

model with quasi-linear utility (Panel (A)), changes in parameters do not affect the Ramsey

equilibrium of some variables (for instance a change in γ has no effect on xR and cR). This

is no longer the case with a concave utility function in the second period. Shaded cells

in Panel (B) highlight these effects which are absent in the baseline model. With concave

utility, prevention decreases in γ (higher income tomorrow) and increases in ṽ (more weight

on the future). Consumption lowers with γ and µ (higher taxes), and rises with A (higher

income). Finally, since xR increases in ṽ, the gap between the optimal policy parameters

decreases. All these results are intuitive.

Finally, in Section 5, informal care is introduced by imposing θ = 1. Let us therefore move

θ from the calibrated value of 0.8 to 1. Recall that Proposition 1 revealed that a higher

θ reduced x∗. Our numerical simulations show that imposing θ = 1 further reduces xR

11Increasing σ may substantially change both the decentralized and Ramsey equilibria, so we set a small

σ = 0.025. Increasing σ to more standard values is possible if we change the other parameters accordingly.



ON OPTIMAL SUBSIDIES FOR PREVENTION AND LONG-TERM CARE 25

(the Ramsey equilibrium under informal care is given by Equations (13)-(14) and those in

Footnote 10). As a result, imposing θ = 1 leads to over-investment in health, so that the

optimal distance between θ and φR must increase.

6.4. Empirical Evidence. This subsection provides cross-country empirical evidence, sug-

gesting our results align well with observed health-related patterns across OECD countries

in 2018. For each OECD country, we calculate the key ratios needed in the model: the pre-

vention subsidy (φ) is measured by public preventive care divided by total preventive care;

the care subsidy (θ) is public LTC divided by total LTC; the health investment ratio x/A

is calculated as the GDP share of total preventive care expenditure; and the replacement

rate (γ) is the net pension replacement rate at the average wage (refer to Appendix F for

detailed information on the data). Figure 6 visually depicts the relationships between these

empirical equivalents, where each dot corresponds to an OECD country.

Beginning with the top left panel, a positive correlation appears between the two health

subsidies. This observation is consistent with the results of our earlier numerical exercise,

where we found that φ and θ were in general complements in the vicinity of the Ramsey

equilibrium. Moving to the top right panel, there appears to be a weak positive correlation

between the prevention subsidy and health investment. The bottom left panel reveals a

negative link between the care subsidy and health investment. These findings are in line with

Proposition 1. Lastly, the bottom right panel suggests a negative correlation between the

generosity of the pension scheme and that of health subsidies. Once again, this observation

squares well with our results concerning the Ramsey equilibrium, as the first line in Table 1

confirms.

7. Concluding Remarks

We have used a simple model to shed light on a difficult subject: how the interplay among

preventive health investment, longevity and aging-related frailty shapes optimal health pol-

icy. Despite its simplicity, our model encapsulates a wide array of effects, including two

externalities (one linked to the pension scheme and the other to healthcare costs), two chan-

nels through which preventive health investment impacts these externalities (longevity and

aging-related frailty) and two policy instruments (subsidies to care and to prevention). As

a result, the model yields some interesting, even surprising, findings. For example, in our

model, setting the care subsidy higher than the prevention subsidy is always optimal. Fur-

thermore, the optimal levels of these subsidies are inversely related to the generosity of the

pension scheme, as measured by the replacement rate.

Despite its simplified nature, we hope that our model turns out to be a useful guide to ana-

lyzing more realistic setups in the future. A quantitative approach could provide a promising

avenue for future research. For instance, returning to the findings mentioned above, how
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Figure 6. Selected Health-Related Patterns across OECD Economies
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Notes. Each dot represents an OECD country in 2018 (health data) or 2022 (pension data). See

Appendix F for details on the data and the computation of the empirical counterparts of θ (care

subsidy), φ (prevention subsidy), health investment and γ (pension replacement rate).

much higher should the care subsidy be compared to the prevention subsidy, and how does

this difference vary with key structural parameters such as the discount rate or the pro-

ductivity growth in medical technology? Also, by how much does the generosity of the

pension scheme affect the optimal health subsidies? Needless to say, answering these ques-

tions requires large numerical models to address capital accumulation, empirically-credible

functional forms, and fiscal policy.

Another related avenue for research stems from our finding that health investment has an

ambiguous effect on dependency because the increase in longevity may raise the number of

elderly individuals requiring long-term care. Formulating effective health policy requires de-

termining whether this effect prevails over the reduction in frailty. Hence, empirical analysis

could help understand which country characteristics, including income per capita and the

shape of the population pyramid, determine which effects dominates the impact of health

investment on dependency.
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Appendix A. Long-Term Care Production Sector

We assume a 2-sector economy. The first sector produces goods yt according to the linear

labor intensive technology yt = Angt , where A is the level of productivity and ngt is labor.

The firm in the goods sector maximizes its profit Angt − w
g
tn

g
t , which gives A = wgt with wgt

the wage in the goods sector.

The second sector produces LTC services according to the linear labor intensive technology

µΛ(xt−1) = nct , where the level of productivity is normalized to 1 and nct is labor. The firm

in the good sector maximizes the profit ptµΛ(xt−1) − wctnct , where pt is the relative price of

the LTC services and wct the wage in the LTC sector, which gives pt = wct .

The household supplies inelastically one unit of time (1 = ngt + nct) but chooses how to split

this unit between the goods sector and the LTC sector. The budget constraints for the first

and second periods are as follows

ct + (1− φ)xt = (1− τt)(wgtn
g
t + wct (1− n

g
t )) ,

dt+1 + pt+1π(xt)(1− θ)µ = γ(wgtn
g
t + wct (1− n

g
t )) ,

and the maximization of (1) with respect to ngt gives wgt − wct = 0. Together with the

two firm first-order conditions, we finally get A = wgt = wct = pt, n
g
t = 1 − µΛ(xt−1) and

yt = ct+xt+ε(xt−1)dt = A(1−µΛ(xt−1)). It is then straightforward to show this equilibrium

is equivalent to the one we present in Section 2. The equivalence obviously relies to the fact

that (i) in both sectors we do not have capital and production is linear in labor, and (ii) the

labor supply is perfect substitute across sector.

Appendix B. The Ramsey Problem

The Ramsey government chooses a policy {φ, θ} to maximize the welfare of all (present

and future) generations
∑∞

t=0 ρ
tWt. ρ ∈ (0, 1] is the discount rate or, equivalently, ρt is the

weight associated to generation t; and Wt = log ct + ṽd̃t+1 is the lifetime utility of generation

t as in the decentralized equilibrium. The maximization is subject to the three decentralized

equilibrium conditions

1− φ
ct

= ṽA (γε′(xt)− (1− θ)µΛ′(xt)) ,

ct + xt = A (1− γε(xt−1)− θµΛ(xt−1)) ,

ct + xt + d̃t = A(1− µΛ(xt−1)) .

Note that to avoid any issues of time-inconsistency, we assume that the government credibly

commits to the policies φ and θ. The solution of this maximization under constraints, with
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respect to {φ, θ, ct, xt, d̃t+1} is

1

ct
=

ṽ

ρ
,

1 = −ρµAΛ′(xt) .

Furthermore, φ, θ and d̃t are directly inferred from the three constraints.

First, we see that the optimal ct and xt are constant through time, as well as d̃t. Second,

when ρ = 1 (no discount or equal weight to all generations), the solution presented here

is equivalent to the steady state Ramsey solution displayed in Proposition 2. Third, when

ρ < 1, optimal c and x are lower than the optimal cR and xR from the steady state Ramsey.

Appendix C. Proof of Proposition 3

The linearization of the decentralized equilibrium (7)-(8) around any pair (x, c) gives

−1− φ
c

ĉt = ṽ A x x̂t (ε′′(x)γ − (1− θ)µΛ′′(x)) ,

ĉt = −x
c

(x̂t + A x̂t−1(γε′(x) + θµΛ′(x))) ,

where x̂t = (xt − x)/x and ĉt = (ct − c)/c. After eliminating ĉt from the above equations, it

is straightforward to compute the slope

S =
∂x̂t
∂x̂t−1

=
(1− φ)A (γε′(x) + θµΛ′(x))

ṽ A c2 (ε′′(x)γ − (1− θ)µΛ′′(x))− (1− φ)
.

Around the Ramsey steady state, that is assuming that (x, c) = (xR, cR) and (θ, φ) = (θR, φR)

as given by Proposition 2, the slope becomes

S|Ramsey =
−φR (1− φR)

A
ṽ

(
ε′′(xR)γ − (1− θR)µΛ′′(xR)

)︸ ︷︷ ︸
<0

−(1− φR)
.

The slope around the Ramsey steady state can be negative (when φR is negative) or positive

(when φR is positive) but in any case we have that the absolute value is below 1, since the

absolute value of the numerator is in [0, 1−φR) and the denominator is lower than −(1−φ).

Note that if φR is negative, the convergence is oscillatory.

Appendix D. Fully-Funded Pensions

Here, we develop a simple OLG model with savings but without health investment. The

first generation solves the following problem

Maximize log ct + ṽdt+1 ,

subject to ct + st = wt − tt ,

dt+1 = Rt+1st + tt+1 ,
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where st is saving, Rt+1 the gross return on saving and tt a transfer from the young to the

old generation (a negative t therefore reverse the transfer from the old to the young). We

consider tt as the policy parameter. Other notations are as in the paper. The firm maximizes

Asαt−1−wt−Rtst−1. We see that previous saving is the current capital and that the elasticity

of output to capital is α ∈ (0, 1). Solving the household and the firm problem and taking

the steady state gives

1

c
= ṽ Aα sα−1 , (16)

c = A (1− α) sα − s− t , (17)

Asα = c+ s+ d . (18)

The first equation is the Euler equation (choice between consumption and saving), the second

equation is the budget constraint of the first generation, and the last equation is the final

good constraint.

We then consider a Ramsey planner at the steady state. The planner maximizes log c + ṽd

with respect to {c, d, s, t} under the constraints (16) to (18). We can show that the steady

state saving in the Ramsey equilibrium must satisfy

sR − Aα
(
sR
)α

+
1− α
Aα ṽ

(
sR
)1−α − 1− α

ṽ
= 0 ,

whereas, combining equations (16) and (17), steady state saving in the decentralized equi-

librium must satisfy

s∗ − A(1− α) (s∗)α +
1

Aα ṽ
(s∗)1−α + t = 0 .

We assume no transfer in the decentralized equilibrium (t=0) and, to get a closed-form

expression, we impose α = 1/2 and A2ṽ > 4. We then obtain

(
sR
) 1

2 =

A2ṽ−4
2Aṽ

+

√(
A2ṽ−4

2Aṽ

)2
+ 2

ṽ

2
,

(s∗)
1
2 =

A2ṽ − 4

2Aṽ
.

We immediately see that sR > s∗ (under-saving). As a result, a Ramsey planner should

impose a transfer from the old to the young, i.e. t < 0.

Appendix E. Relative Productivity in the Production of Prevention Goods

Let us assume an intermediate firm producing intermediate goods yt with a linear labor

intensive technology yt = Ant, paying a wage wt, and selling these intermediate goods to a

final firm, at a price pt. The maximization program is

max
nt

ptAnt − wtnt ,
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which gives ptA = wt. Then we have a final firm buying the intermediate goods and trans-

forming them into consumption goods and prevention goods. The relative productivity to

produce prevention goods is qt and the relative price of prevention goods is pxt . The maxi-

mization program is

max
ct,xt,yt

ct + pxt xt − ptyt + λt(yt − ct − xt/qt) ,

where λt is the shadow price associated to the production constraint. We obtain λt = pt = 1

and pxt = 1/qt. It is straightforward to show that, as before, the decentralized equilibrium is

given by the intersection of the two curves

c = 1/(q f(x)) ,

c = g(x) + x (q − 1)/q ,

where f(.) and g(.) are still given by equations (9) and (10). Moreover, easy computations

produce the Ramsey equilibrium

1/cR = ṽ ,

1/q = −µAΛ′(xR) , (19)

cR + xR/q = A
(
1− γε(xR)− θRµΛ(xR)

)
,

θR = Aγqε′(xR) + φR . (20)

Having qt 6= 1 does not change our results. For instance, equation (19) still requires a

downward sloping Λ(.) to get a Ramsey equilibrium and equation (20) still implies that

θR > φR and that the two policy parameters tend to be equal when the longevity channel

vanishes.

Appendix F. Data

All health data are from the OECD dataset on ‘Health expenditure and financing, Cur-

rent expenditure on health (all functions)’ for the year 2018 (pre-Covid) and for 33 OECD

countries (data for Chile, Colombia, Mexico, New-Zealand and Turkey are not available).

• Health investment corresponds to ‘Preventive care (all financing schemes)’, as a per-

centage of the GDP.

• φ corresponds to ‘Preventive care (Government/compulsory schemes)’ divided by

‘Preventive care (all financing schemes)’.

• θ corresponds to ‘Long-term care (Government/compulsory schemes)’ divided by

‘Long-term care (all financing schemes)’.

Pension data are from the OECD dataset on ‘Pensions at a glance’ for the year 2022 (latest

available data) and for the same 33 OECD countries.

• γ corresponds to the ‘Net pension replacement rate, Male, 1.00 of AW’.
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