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Abstract

The risks to human health stemming from polluted air, water, and soil are substan-
tial, especially in the rapidly growing economies. The paper develops a theoretical frame-
work to study an endogenously growing economy which is subject to pollution-induced
health shocks, with the health status an argument of the welfare function. Pollution,
arising as a negative externality from production, adversely and randomly affects the
regeneration ability of a human body leading to a decline in the overall health status of
the population. We include two types of uncertainty surrounding the health status: con-
tinuous small-scale fluctuations, driven by the Wiener process, and large-scale shocks or
epidemics, driven by the Poisson process. We derive closed-form analytical solutions for
the optimal abatement policy and the growth rate of consumption. Devoting a constant
fraction of output to emissions abatement delivers the first-best allocation. This fraction
is an increasing function of total factor productivity, polluting intensity of production,
and damage intensity of both continuous and jump-type shocks. A higher frequency of
jumps also calls for more vigorous abatement policies. By contrast, the optimal growth
rate of the economy is decreasing in the frequency and intensity of shocks and in the
polluting intensity of production. The effi ciency of abatement technology has, in gen-
eral, an ambiguous bearing on both the growth rate and on the abatement share due to
the opposing forces of the income and the substitution effects.
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1 Introduction

1.1 Development and Health

The natural environment has major impacts on two key dimensions of human devel-

opment: income and health. Specifically, the risks of polluted air, water, and soils to

human health are significant and sizeable. Higher levels of air pollution cause larger

exposure of human population to heart disease, stroke, lung cancer, and both chronic

and acute respiratory diseases. The World Health Organization reports that outdoor air

pollution in cities and rural areas caused 3.7 million premature deaths worldwide in 2012

(WHO 2014). Some 88% of those premature deaths occurred in low- and middle-income

countries. Air quality is a very serious concern in most cities of emerging economies,

e.g., Beijing and Shanghai. Health costs of air and water pollution in China have been

estimated to amount to 4.3 percent of its GDP (World Bank 2007). For developed coun-

tries the empirical results are striking as well. A recent study found that, in Europe,

air pollution costs no less than USD$ 1.6 trillion a year in diseases and deaths, causing

approximate 600’000 premature deaths (WHO and OECD 2015). As a consequence, re-

ducing air pollution has become a top political priority of the European environmental

policy.

By reducing emissions from burning coal, forests, and biomass, countries can restrict

rural and urban air pollution, which improves the cardiovascular and respiratory health

of the population. The reduction can be achieved by policies and investments support-

ing cleaner transportation, energy-effi cient housing, renewable power generation, and

better municipal waste management. Major negative effects on human health are also

caused by low water and soil quality. In many less developed countries, poor access

to safe and unpolluted water resources is a major cause of various diseases. Policies

and investments improving water quality and sanitation can accelerate attainment of

multiple environmental and health-related goals in low and middle-income countries,

where cardiovascular and respiratory disorders, diarrhoea, malaria, dengue fever, and

schistosomiasis harm the well-being of individuals on a large scale.
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From an economic perspective, the various pollution-induced health problems have

several common features. First, they arise from negative market externalities. Hence,

free markets do not provide optimal allocations so that environmental policies are war-

ranted. Second, if external costs are not internalized, the negative pollution impacts rise

with the level of economic activities, i.e. with economic growth. Third, the health effects

of pollution are important and sizeable, affecting the macroeconomic performance of an

economy. The health status of the population thus constitutes an important aspect of

green growth and sustainable development. Finally, the health impacts of pollution are

uncertain and random, both at the level of individuals and of the aggregate economy.

In fact, regions and countries are often affected by waves of diseases, causing fluctu-

ations not only in the economic output but in the overall welfare of the population. The

most substantial health shocks arise with epidemic and pandemic diseases. An epidemic

occurs when a particular very contagious disease spreads quickly and infects a large

percentage of population. Diseases can be air-borne or water-borne; water pollution

plays a major role in the latter case. Pandemic is a contagious disease affecting people

throughout the world or on multiple continents at the same time. It may be caused by

externalities from the agricultural sector using intensified methods of production, like

in the cases of swine and bird flu.

Given the size and urgency of the health problems emerging from external effects of

economic activities it is quite surprising that the economic literature has been largely

silent about the topic. To the best of our knowledge our paper is the first to derive

closed-form analytical solutions for a growing and polluting economy which is subject

to emission-induced macroeconomic health shocks. We analyze the characteristics of

economic growth, include two types of uncertainty, and relate the size of the random

shocks to environmental pollution. We provide clear-cut solutions for the optimal abate-

ment expenditure and the optimal growth rate of the economy. Our model shows that

economic policy restoring welfare optimum consists of spending a constant fraction of

output on pollution abatement. We thus establish that environmental policy is a forceful

pillar of human development protecting both ecoservices and human health. As regards
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the randomness of health shocks we study the impacts of both small-scale continuous

fluctuations in the health status and large-scale shocks occurring less frequently. We

show that the optimal fraction of output devoted to emissions abatement is constant

and an increasing function of total factor productivity, the elasticity of marginal utility

of health, polluting intensity of output, and health sensitivity to pollution. For the

case of large health shocks (epidemics), we show that a more frequent occurrence and a

higher damage intensity have a negative impact on the optimal growth and call for more

vigorous abatement policies. As environmental policy restores the first-best equilibrium

in the economy we do not consider a second policy instrument, such as health insurance,

in our framework.

1.2 Contribution to Literature

The present paper relates to various strands of the literature. It is probably closest to

the contribution of Wang, Zhao, and Bhattacharya (2015) which analyses precaution-

ary savings, health insurance, and environmental policy as a response to health risks

depending on pollution stock. These authors use an overlapping generations model with

individuals living for two periods. The young generation is never sick while the old

faces the probability of being in an unhealthy state, reducing its consumption; health

status does not enter the utility function. The paper focuses on savings as a substitute

for lacking health insurance and on steady-state analysis with constant a capital stock.

Using a similar framework, Gutierrez (2008) shows that the positive link between pol-

lution and growth is intensified when including health aspects because pollution raises

health costs which, in turn, fosters precautionary savings and capital accumulation.

Our paper extends this analysis to an economy which is endogenously growing over an

infinite time horizon and is subject to recurring random health shocks. We introduce

both the Brownian motion and the Poisson processes to distinguish between continu-

ous random fluctuations and large-scale shocks to the health status of the population.

While Wang, Zhao, and Bhattacharya (2015) and Gutierrez (2008) partly rely on nu-

merical simulations and partial equilibria we provide closed-form analytical solutions.
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In our framework, similarly to the health-economics literature, individuals enjoy utility

from their health status. We show that environmental policy is able to restore the first-

best equilibrium in an economy with pollution-induced health risks. Like Wang, Zhao,

and Bhattacharya (2015) and Gutierrez (2008) we focus on the effects of pollution on

morbidity but do not explicitly introduce mortality in the model.

Building on the seminal contribution of Bovenberg and Smulders (1995) on pollu-

tion and growth, Pautrel (2008) studies the dynamic impact of the natural environment

by introducing a negative effect of pollution on life expectancy; he derives that en-

vironmental policy allows the attainment of a sustainable equilibrium. Pautrel (2012)

extends the analysis of pollution effects on health by showing that the relationship

between environmental taxation and economic growth as well as between environmental

tax and lifetime welfare are both inverted U-shaped. A similar setup is presented in

the overlapping-generations model of Mariani, Perez-Barahona and Raffi n (2010) where

the environment affects life expectancy and agents invest in environmental protection.

These authors derive an endogenous positive correlation between environmental quality

and longevity and show the existence of multiple equilibria, a result that is also ob-

tained in Goenka et al. (2012) and Palivos and Varvarigos (2011). Jouvet, Pestieau,

and Ponthiere (2010) analyze optimal policies when longevity is negatively influenced

by pollution but positively affected by health expenditures. With the present paper we

add to this literature by studying endogenous economic growth and different types of

stochastic health shocks, deriving optimal growth and first-best policy. Howitt (2005)

augments a standard Solow-Swan model of growth by adding the health status and

discusses different channels through which the state of health affects the growth path;

uncertainty is disregarded. Including risk and pollution but not human health, Soretz

(2007) analyzes effi cient emission taxation within a stochastic model of endogenous

growth. The author derives that a linear capital income tax joint with a linear abate-

ment subsidy build an effi cient public policy scheme. By considering the health status

in the welfare of the population our contribution relates to basic health economics as in

the seminal contribution of Grossman (1972). While health literature is more explicit
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about health production by households, the natural environment is mostly disregarded.

Uncertainty and health is studied by various authors. Cropper (1977) adds uncertainty

to the Grossman model, assuming that illness occurs if the stock of health falls below a

critical sickness level, which is random. Selden (1993) and Chang (1996) find that, given

uncertainty, risk-averse individuals make larger investments in health than they would

in its absence; compared to a model with perfect certainty, the expected value of the

stock of health is larger and the optimal quantities of gross investment and health inputs

are also larger in a model with uncertainty. Hugonnier, Pelgrin, and St-Amour (2013)

study different types of stochastic processes in health development but they do neither

consider economic growth nor the environment which is the focus of our contribution.

Looking at the empirical evidence related to our theoretical model, an early con-

tribution is Mullahy and Portney (1990) who find a significant negative impact of air

pollution on health. Bloom, Canning, and Sevilla (2004) empirically estimate a pro-

duction function using work experience and health, showing that ceteris paribus good

health has a positive, sizable, and statistically significant effect on aggregate output.

Using a range of micro- and macroeconometric setups, Bleakley (2010) empirically as-

sesses how diseases depress development of human capital and global income, confirming

high benefits of improving health capital. Using pooled data for 21 OECD countries

over the past two centuries, Madsen (2012) shows that health has been highly influen-

tial for the quantity and quality of schooling, innovations and growth. The effects of

major health shocks on economic development has also been debated in the empirical

literature. Various studies find that the broad diffusion of diseases is detrimental to

development, see e.g. Percoco (2015) for the case of Spanish flu. Conversely, Acemoglu

and Johnson (2007) suggest that mortal diseases and pandemics have a positive impact

on the economy, because lower labor supply after the shocks increases real wages im-

proving living conditions. Acemoglu and Robinson (2012) argue that an extreme health

shock like the Black Death may be considered as a "critical juncture in history", disrupt-

ing the existing economic balance in society and possibly create room for institutional

improvements. To the best of our knowledge our contribution is the first to provide
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a theoretical setup and explicit analytical solutions for the study of large-scale health

shocks. Focusing on environmental aspects and not specifically considering institutional

quality we find that the growth rate of consumption and output are negatively affected

by major shocks to human health, even when health status does not enter directly into

the output production.

The remainder of the paper is organized as follows. Section 2 develops our baseline

framework introducing pollution-induced fluctuations in the health status and presents

the main results with respect to the optimal growth rate of the economy and emission

abatement policy. Section 3 extends the baseline model by introducing a risk of epidemic

shocks. Finally, Section 4 concludes.

2 The Framework

2.1 Growth with Random Health Status

We consider an economy with two stock variables: capital, which is accumulated by

households, and human health, which is subject to shocks caused by environmental pol-

lution. The representative individual derives utility from consumption, labeled ct, and

health status, Ht. We shall make the standard assumptions that the utility function,

U(ct, Ht), is increasing and concave in ct and Ht and that the marginal utility of con-

sumption is increasing in Ht, i.e. consumption of commodities is more enjoyable in good

health.1 Consumption goods are produced according to a production function Y (Kt),

where Kt is the input of a broadly defined capital stock, which includes physical cap-

ital, knowledge and human capital, blueprints, etc. Production process is polluting and

generates φ units of harmful emissions per unit of output. We shall focus our attention

on pollution which has direct negative effects on the health status of humans such as

the pollution of the air, soil, and water. In order to mitigate the emissions, a fraction

of output, denoted by mt, is spent on abatement. The abated quantity, Mt, is assumed

1See Hammit (2002) and Bleichrodt and Quiggin (1999) for the foundations of utility functions including
health.
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to be an increasing function of the effort devoted to mitigation. For simplicity, we shall

assume that there are constant returns in abatement, so that Mt = µmtYt, with µ rep-

resenting the effi ciency of abatement technology. The total emissions at time t are thus

given by

Qt = (φ− µmt)Yt. (1)

The remaining share of output, (1−mt)Yt, is spent on current consumption and capital

accumulation:

K̇t = (1−mt)Yt − ct. (2)

The health of the representative agent can improve through the natural recovery process

but this process is affected by the air pollution. The exact relationship between pollution

and health is not yet well understood and we shall therefore treat it as stochastic. We

assume that the regeneration rate is given by R(qt)Htdzt, where dzt is the increment

of a Wiener process and qt stands for the emissions concentrations per unit of capital.

Thus the health status evolves over time according to

dHt = R(qt)Htdzt. (3)

The regeneration function R is decreasing in emissions concentration with the constant

proportionality parameter δ which denotes the sensitivity of the health status to pollu-

tion.

Below we state the social planner’s problem, whose objective is to maximize the

expected discounted welfare of the representative individual with respect to consumption

and the share of output devoted to emissions mitigation:

max
ct,mt

E0
{∫ ∞

0
U(ct, Ht)e

−ρtdt

}
(4)

subject to (1) - (3). The E0 is the expectations operator and ρ is the constant rate

of time preference. We also require that the capital stock, consumption and emissions

rates are non-negative and mt ∈ [0, 1).

8



Denoting by V (K,H) the value function associated with the optimization problem,

the Hamilton-Jacobi-Bellman equation may be written as2

ρV (K,H) = max

{
U(c,H) + Vk[(1−mt)Yt − ct] +

1

2
VhhR

2(q)H2

}
,

where we omitted the time subscripts and used the letters in the subscript to denote the

partial derivatives, e.g. Vk ≡ ∂V (K,H)/∂K, Vhh ≡ ∂2V (K,H)/∂H2. The first-order

conditions are

c : Uc − Vk = 0, (5)

m : −VkY +
1

2
Vhh2R(q)R

′(q)(−µY ′(K))H2 = 0, (6)

K : ρVk = Vkk[(1−m)Y − c] + Vk(1−m)Y ′(K) +

+
1

2
[VhhkR

2(q) + Vhh2R(q)R
′(q)qk]H

2, (7)

H : ρVh = Uh + Vkh[(1−m)Y − c] +
1

2
[VhhhH

2 + Vhh2H]R
2(q). (8)

Eqs. (5) and (7) allow us to obtain the law of motion for the optimal consumption rate.

First, we compute the differential of Vk using Ito’s Lemma:

dVk = {Vkk[(1−m)Y − c]} dt+ VkhR(q)Hdz =

= Vk

{
ρ− (1−m)Y ′(K)− 1

2

Vhhk
Vk

R2(q)H2

}
dt+ VkhR(q)Hdz. (9)

In order to make further progress we need to impose some structure on the preferences

and the production technology. Let us assume that U(c,H) = c1−ε

1−εH
β with β ∈ (0, 1]

and β − 1 being the elasticity of marginal utility of health. In order to ensure that

∂U/∂H > 0 we require that ε ∈ (0, 1]. Output is produced under constant returns to

scale with the total factor productivity denoted by A, so that Yt = AKt. Given these

2See Steger (2005) and Sennewald and Wälde (2006) for more technical details.
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assumptions, it can be shown that the value function is of the form

V (K,H) =
xK1−ε

1− ε H
β,

where x is a function of the parameters of the model

x =

{
1

ε

[
ρ− (1− ε)A

(
1− φ

µ

)
− 3(1− ε)2
2(µδ)2β(β − 1)

]}−ε
.

Recalling Eqs. (5) and (9) and letting c = f(Uc, H) we obtain, applying again the Ito’s

Lemma,

dc =
∂f

∂Uc
Vk

[
ρ− (1−m)Y ′(K)− 1

2

Vhhk
Vk

R2(q)H2

]
dt+

+
1

2

[
∂2f

∂U2c
V 2kh +

∂2f

∂H2
+ 2

∂2f

∂Uc∂H
Vkh

]
R2(q)H2dt+

[
∂f

∂Uc
Vkh +

∂f

∂H

]
R(q)Hdz =

dc

c
=

1

ε

{
(1−m)A+ 1

2
β(β − 1)(δq)2(1− 1

ε
)− ρ

}
dt. (10)

Expression (10) shows that the optimal consumption rate changes over time at the

trend rate, given by the term in the curly braces multiplying dt. The trend growth

rate depends on the emissions concentration, q, and the abatement share, m, which are

constant in equilibrium. To see this, note that the optimality condition (6) and the

value function imply that the optimal fraction of output to be spent on abatement is

given by

m∗ =
φ

µ
− 1− ε
Aβ(1− β)(µδ)2 . (11)

The equilibrium emissions concentration is then

q∗ =
1− ε

β(1− β)µδ2

and therefore the consumption growth rate can be rewritten as

g∗ ≡ dc

c
=
1

ε

{
A

(
1− φ

µ

)
+
(ε2 + 1)(1− ε)
2εβ(1− β)(µδ)2

}
. (12)
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Furthermore, the non-negativity constraint on the emissions level imposes the re-

striction m∗ 6 φ
µ . We shall therefore assume that 0 6

1−ε
Aβ(1−β)(µδ)2 6

φ
µ .

We summarize the properties of the solution in

Proposition 1: When the evolution of the economy’s stock of health is affected by

pollution-induced fluctuations (via a Wiener process),

(i) the optimal policy consists of devoting a constant share of output to abatement

expenditure;

(ii) the optimal growth rate of consumption is constant.

2.2 Analyzing the results

We now analyze the effects of the model parameters on the optimal policy starting with

the optimal abatement policy and then looking at the optimal growth rate.

Proposition 2: The optimal fraction of output devoted to emissions abatement is

(i) an increasing function of the total factor productivity, polluting intensity of out-

put, and the sensitivity of the health status to pollution;

(ii) either a decreasing or an increasing function of the elasticity of marginal utility

of health, depending on whether β is larger or smaller than 1/2, respectively;

(iii) either a decreasing or an increasing function of the abatement effi ciency, de-

pending on the parameter constellation.

Proof: Follows from taking the partial derivatives in (11):

∂m∗

∂A
=

1− ε
A2β(1− β)(µδ)2 > 0,

∂m∗

∂φ
=
1

µ
> 0,

∂m∗

∂δ
=

2(1− ε)
Aβ(1− β)µ2δ3

> 0;

∂m∗

∂µ
=
1

µ

[
2(1− ε)

Aβ(1− β)(µδ)2 −
φ

µ

]
≷ 0,

∂m∗

∂β
=

(1− ε)(1− 2β)
Aβ2(1− β)2(µδ)2

≷ 0⇔ β ≶ 1
2
. �
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The results in (i) are intuitive. A higher total factor productivity (A) raises output

and thus pollution which requires more abatement in order to diminish the degradation

in the health status of the population. Similarly, a higher polluting intensity of output

(φ) and a higher sensitivity of the health regeneration to emissions (δ) require a larger

optimal abatement share. Part (ii) of the proposition reveals that the elasticity of

marginal utility of health may have two opposing effects on the optimal abatement.

The intuition is related to the behavior of the optimal growth rate, see next Proposition.

Specifically, if β is relatively low (below 1/2), the optimal growth rate increases with

β calling for a higher abatement expenditure to reduce pollution; the opposite holds

when β is relatively high (above 1/2). The ambiguous result in (iii) is due to the fact

a better abatement productivity has a direct negative and an indirect positive effect on

m∗. On the one hand, a more effi cient abatement technology requires less abatement

per unit of output, all else equal (the first term in (11)). On the other hand, it reduces

the volatility of the regeneration capacity of the health stock with the marginal impact

of µδ (the second term in (11)) and thus has a positive effect on the optimal abatement

share.

With respect to optimal growth of the economy we obtain the following:

Proposition 3: The optimal growth rate of consumption is

(i) an increasing function of the total factor productivity;

(ii) a decreasing function of polluting intensity of output, the elasticity of marginal

utility of health, depending on whether β is larger or smaller than 1/2, respectively;

(iii) either a decreasing or an increasing function of the abatement effi ciency, de-

pending on the parameter constellation.
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Proof: Follows from taking the partial derivatives in (12):

∂g∗

∂A
=
1

ε

(
1− φ

µ

)
> 0,

∂g∗

∂φ
= − A

εµ
< 0,

∂g∗

∂δ
= − (ε

2 + 1)(ε− 1)
ε2β(β − 1)µ2δ3

< 0;

∂g∗

∂β
= −1

ε

(ε2 + 1)(ε− 1)(2β − 1)
2εβ2(β − 1)2(µδ)2

≷⇔ β ≶ 1
2
,

∂g∗

∂µ
=
A

εµ

[
φ

µ
− (ε

2 + 1)(ε− 1)
εβ(β − 1)(µδ)2

]
≷ 0. �

A higher total factor productivity (A) raises the incentives to save and invest through

the positive effect on the deterministic part of the implicit rate of interest in the economy

(the first term in (12)). Polluting intensity of output (φ), by contrast, tends to reduce

it. A higher sensitivity to emissions (δ) unambiguously reduces the optimal growth rate

as well. The reasons for the ambiguous result in (iii) are similar to those discussed in

Proposition 2. There is a direct negative effect and an indirect positive substitution

effect of a higher abatement productivity. Further note, that if ε → 1, the stochastic

element disappears from the growth rate expression.

3 Epidemics: Jumps in the Health Stock

In this section we extend the model to include the possibility of sudden shocks to the

health status, such as epidemics, occurring due to negative production externalities.

Let us assume that an epidemic follows a Poisson process with an increment dpt and

intensity λ and causes a damage to the health level of D(qt) percent. The stochastic

process for health status now becomes

dHt = R(qt)Htdzt −D(qt)Htdpt.
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For the sake of tractability, we shall assume that a unit of emissions concentration qt

translates into σ units of damages to the health level when an epidemic strikes.

The Hamilton-Jacobi-Bellman equation can now be written as

ρV (K,H) = max

{
U(c,H) + Vk[(1−mt)Yt − ct] +

1

2
VhhR

2(q)H2 + λ
[
V (K, H̃)− V (K,H)

]}
,

where H̃ = H(1 − D(q)). In what follows we shall use a shorthand notation Ṽ for

V (K, H̃), indicating with a tilde a function or a variable in the state of epidemics. The

first-order conditions read as follows:

c : Uc − Vk = 0, (13)

m : −VkY +
1

2
Vhh2R(q)R

′(q)(−mY ′(K)H2) + λṼh
∂H̃

∂m
= 0, (14)

K : ρVk = Vkk[(1−m)Y − c] + Vk(1− µ)Y ′(K) +

+
1

2
[VhhkR

2(q) + Vhh2R(q)R
′(q)qk]H

2 + λ
[
Ṽk − Vk

]
, (15)

H : ρVh = Uh + Vkh[(1−m)Y − c] +
1

2
[VhhhH

2 + Vhh2H]R
2(q) + λ

[
Ṽh − Vh

]
. (16)

We use the same utility function as in the previous section but take into account

that diseases causing epidemics are contagious. Therefore, we shall assume that indi-

vidual well-being depends positively on average health in the population Ha, yielding

U(c,H,Ha) =
c1−ε

1−εH
β(Ha)

γ .3 Raising H of the representative household increases Ha

proportionally so that we obtain U = c1−ε

1−εH
β′ with β′ = β + γ > β, β′ ∈ (0, 1].

It can be shown that the value function is of the form V (K,H) = x̃K1−ε

1−ε Hβ, where

x̃ is constant and is a function of the model’s parameters. Furthermore, optimality

condition (14) allows to obtain an implicit solution for the equilibrium emissions con-

centration q∗e , where the subscript "e" stands for "epidemics":

λβ′σµ(1− σq∗e)β
′−1 − β′(β′ − 1)δ2µq∗e = 1− ε. (17)

3The formulation is analoguous to the modeling of spillovers from average human capital in the seminal
model of Lucas (1988).
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The solution is unique provided that ε − 1 + β′λσµ > 0, which we shall assume in the

following.

To focus our analysis on epidemics we now abstract from random shocks to the health

status and restrict the analysis to large-scale jumps. In this case, eq. (17) can be solved

explicitly by setting δ = 0:

q∗e =
1

σ

{
1−

[
1− ε
β′σµλ

] 1
β−1
}

and the optimal abatement share becomes:

m∗e =
φ

µ
− 1

σµA

{
1−

[
1− ε
β′σµλ

] 1
β−1
}
. (18)

We can immediately see that the optimal abatement share is increasing in both the

arrival rate of epidemics and their intensity:

∂m∗e
∂λ

=
1− ε

β′2(1− β′)A

[
1− ε
β′σµλ

] 1
β′−1−1

> 0, (19)

∂m∗e
∂σ

=
1

µσ2A

{
1 +

[
1− ε
β′σµλ

] 1
β′−1 β′

(1− β′)

}
> 0. (20)

The optimal growth rate of consumption can be obtained by combining the optimal-

ity conditions (13) and (15) and applying the Ito’s Lemma, as in the previous subsection:

ge ≡
dc

c
=
1

ε

{
(1−m∗e)A− ρ+ λ

[
(1− σq∗e)β

′ − 1
]}

.

Replacing the expression for m∗e with the more convenient expression for q
∗
e , we obtain:

ge =
1

ε

{
(1− φ

µ
)A+

q∗e
µ
+ λ(1− σq∗e)β

′ − ρ− λ
}
. (21)
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The effects of the key parameters characterizing health shocks are as follows:

dge
dλ

=
∂ge
∂λ

+
∂ge
∂q∗e

∂q∗e
∂λ

= −1
ε

{
ε

µλσ(1− β′)

[
1− ε
β′σµλ

] 1
β′−1

+ 1

}
< 0, (22)

dge
dσ

=
∂ge
∂σ

+
∂ge
∂q∗e

∂q∗e
∂σ

= −(1− ε)q
∗
e

εσµ
− 1

µσ2

[
1 +

(
1− ε
β′σµλ

) 1
β′−1 β′

1− β′

]
< 0.(23)

The intuition behind these results is straightforward. The arrival rate of epidemics has

a direct negative effect on g, which can be seen from the last term in equation (21).

In addition, it has an indirect negative effect working through emissions concentration,

q∗e . The effect of the damage intensity of epidemics, σ, operates through two similar

channels. A direct negative effect reduces the ratio of post- to pre-shock marginal

utility of health and can be seen in the term multiplying λ. The indirect effect works

again through emissions concentration, which in equilibrium declines in response to a

higher σ, while q∗e itself has a positive impact on the growth rate.

4 Conclusions

Recent studies on the effects of air and water pollution on human health produced alarm-

ing results not only for rapidly developing economies but also for advanced countries.

The recent surge in respiratory diseases in countries like China are to a large extent at-

tributed to the overly-polluted air, especially in major agglomerations e.g. Beijing and

Shanghai. It is well understood that the health status of the workforce determines the

productivity and output levels but it also has a more direct impact on the overall welfare

of the population. Clearly, individuals prefer to live healthy lives and enjoy consumption

of goods and services when they are in a healthy state. Economic expansion, however,

unavoidably generates negative pollution externalities which in turn adversely affect the

health status of the population. The exact link between air or water pollution and dis-

eases is not yet well-understood and thus contains random elements. The randomness

at the aggregate level may also arise due to differentiated capacity of individuals to deal

with sickness.
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The present paper considers a growing economy in which production process is pol-

luting and generates harmful externalities for human health. We assume that pollution

causes not only random fluctuations in the health status but also sudden large-scale

shocks, such as epidemics. The model is used to derive optimal emission-abatement

policies and the optimal consumption growth rate. The main message of our paper is

that environmental policy is a powerful tool, removing not only the negative external-

ities of the growth process but also guiding the health status of the population towards

its optimal level.

In the baseline model we assume that pollution induces continuous random fluctu-

ations in the capacity of the human body to regenerate itself, causing a detrimental effect

to the health status. We show in closed-form that a higher total factor productivity, a

higher pollution intensity, and a higher pollution sensitivity of the population require

stricter abatement policies. Improving abatement effi ciency calls for less abatement per

unit of output but also reduces the volatility of the regeneration capacity of the health

stock, entailing more optimal abatement; the overall effect is ambiguous in theory but

can be calibrated based on our results. Analyzing the optimal growth rate of the eco-

nomy, we find that a higher total factor productivity has an unambiguously positive

effect, while a higher polluting intensity of output and a higher sensitivity to emissions

unambiguously reduce the optimal growth rate.

For the case of large-scale health shocks we show that a more frequent occurrence

and a higher damage intensity call for more vigorous policies, as the optimal abatement

share is increasing in both the arrival rate of epidemics and their intensity. At the same

time, both of these parameters have a negative effect on the optimal growth rate.

The present paper fills a gap in the literature by providing theoretical foundations

for optimal policies and optimal growth in an economy which is subject to recurring

pollution-induced health shocks. Understanding the relationship between environmental

pollution, human health, and economic growth is of a rapidly increasing relevance for

policy, seeking to implement optimal strategies aimed at reducing pollution and thereby

improving the health status of the population in cities and rural areas.
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