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Abstract

This paper investigates how environmental policy affects long-run
economic growth focusing on the detrimental impact of pollution on
health. Marrying environmental economics, health economics and the
theory of growth, it demonstrates that environmental policy improves
long-run growth for low levels of pollution tax but becomes detrimen-
tal for high levels. It also shows that, the more important is the
harmful effect of pollution on health and the greater is the influence
of health on productivity parameters, the more likely environmental
policy will affect positively growth. These results remain valid when
we consider other channels through which health affects growth and
when we assume that agents invest scarce resources in health promot-
ing activities. They call for an active policy to improve environmental
quality.
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1 Introduction

Is environmental policy harmful to long-run economic growth? Does the
reduction of pollution imply a cost for economic activities so heavy that the
gains from a better environment quality are not able to offset it? At the
theoretical level, the answers are not clear-cut. The aim of this article is
to contribute to the debate focusing on one of the more striking features of
pollution: its detrimental impact on health. Our analysis is based on the bulk
of empirical evidence which emphasizes the negative influence of pollution on
health and on the growing set of works which examines the effect of health
on economic growth.

Since more than a decade, theorists study the effects of pollution and
environmental policy on long-term economic growth without finding clear
conclusions. By example, Gradus and Smulders (1993) demonstrate that in
AK model environmental policy has a negative effect on growth by reducing
the returns to investment, but in a model of human capital accumulation,
environmental policy is positive for growth if pollution alters the ability of
training. In a schumpeterian innovation model, Nakada (2004) finds two
possible opposite effects of environmental policy on growth. On the one hand,
taxation on pollution reduces profits of intermediate firms and final outputs
but, on the other hand, it increases their mark-up and so enhances R&D
activities which promote growth. He demonstrates that the second effect
offsets the first one and that environmental policy is positive for growth.
Ono (2003) in an overlapping generations model shows that two opposite
forces link environmental policy and growth. Environmental policy reduces
growth by limiting pollution which is a factor of production (for low level
of tax-pollution) and enhances growth because it leads to a lower level of

pollution, that is a higher quality of environment which is bequeathed to
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future generations.

Nevertheless, none of these analysis integrate explicitly what seems to
be one of the more striking features of pollution: its detrimental effect on
health.! However numerous empirical studies emphasize the dramatic neg-
ative influence of different types of pollution on health status, not only in
developing countries but also in the more industrialized economies (see for
example the report of the WHO (2002) and of the HEI International Scien-
tific Oversight Committee (2004)). Investigating mainly the impact of air
pollution in Europe and the United States, some of these studies highlight
that pollution has detrimental effects on infant mortality [Chay and Green-
stone (2003)], on heart attacks and angina [Dominici et al. (2000), Evans
and Smith (2005)] or on lung cancers and cardiopulmonary mortality [Pope
et al. (2002)], for example, both in the short and the long run.? The negative
impact of water pollution [Paulu et al. (1999), Valent et al. (2004)] or indus-
trial pollution [Nadal et al. (2004), Chen and Liao (2005), Schuhmacher and
Domingo (2006)] on health is also well-documented.

This impact of pollution on health is crucial to understand the link be-
tween environmental policy and growth because health plays a great role
on economic activities. As highlighted by Bloom et al. (2004), Bloom and
Canning (2005), Howitt (2005), amongst others,® health influences positively
economic growth in several ways: by increasing productive efficiency (health-
ier workers are more productive, creative) and life expectancy (which incites

agents to save more), by promoting learning capacity and so accumulation

LGradus and Smulders (1993) justify the negative impact of pollution on human capital
accumulation by its effect on health. Nevertheless, their formalization seems too rough to
enable to capture all the mechanisms at work.

2For a survey, see Brunekreef and Holgate (2002).

3For more details and more references, see theoretical and empirical contributions in
Lépez-Casanovas et al. (2005). For empirical evidences on the causal role of health condi-
tions in growth, see the time-series analysis of Arora (2001).
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of knowledge?... Therefore, the harmful impact of pollution on health may

have several detrimental effects on economic growth through these channels.

Figure 1: Life expectancy and total health expenditures for middle- and
high-income countries, 2002
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Source: World Development Indicators 2005.

To study this point, we use a two-period overlapping generations model
with environmental concerns and health. Assuming (i) that health is nega-
tively influenced by pollution but is enhanced by public health expenditures
(see Figure 1), (ii) that healthier workers are more productive but that firms
pollute by producing, we emphasize two opposite effects of environmental
policy on long-run growth. The negative one arises from the fact that pollu-
tion taxes reduce the rewards to factor, and so saving of young. The positive
one relies on the reduction of pollution which makes workers healthier and so
increases their productivity. We demonstrate that for low level of pollution
tax, the second impact offsets the first one: environmental policy is good
for growth. But, for high level of tax, environmental policy is detrimental

to growth. We show that the greater is the harmful effect of pollution on

4See van Zon and Muysken (2001) to see a theoretical model which integrates such a
positive effect of health on economic growth.
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health and the higher is the influence of health on productivity parameters,
the more likely environmental policy will affect positively growth.

We also investigate the impact of environmental policy when health af-
fects growth through the lifetime of agents rather than workers productivity.
We demonstrate that the impact of environmental policy on growth remains
ambiguous when we account for both channels (productivity and lifetime),
but that there is a larger range of environmental taxes which promote eco-
nomic growth. The ambiguous impact of environmental policy remains valid
if we only consider the channel of lifetime. Finally, when we account for the
investment of agents in health promoting activities, qualitative results are
not modified: pollution tax has an ambiguous effect on long-run growth.

The paper is set out as follows. Section 2 presents the economy’s struc-
ture, section 3 studies the balanced growth path and section 4 investigates the
impacts of environmental taxation when health affects the lifetime of agents.
Section 5 introduces the choice of agents in terms of health expenditures.

Section 6 concludes.

2 The Economy’s structure
2.1 Consumers

Let’s consider an overlapping generations model. A new generation is born
at each date t = 1,2, ..., and lives for two periods. Population is constant
and the size of each generation is normalized to unity. Individuals are non-
altruistic; the old do not care for the young and the young do not care for
the old. A consumer, born at ¢, works during the first period of his life,
consumes an amount cy; and saves the remainder of his revenue. There is

a probability 1 — 7 € (0,1) that the consumer dies at the end of his first
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period of life (after having his children).® For the moment, this probability
is exogenous and constant over time. We will endogeneize it in section 5.
If the consumer survives to the second period of life, he does not work and
consumes an amount cgyq. Agents born at ¢ have the following expected
utility:

Uy = In (c,@Q}) + 7d In (cor11QY, 1) (1)

where 0 < ¢ < 1 is the inverse of one plus the rate of time preferences. @,
and (Q;41 are the environmental respectively at ¢ and ¢ + 1. 1 > 0 measures
environmental care.

Each young agent is endowed with one unit of labor which he supplies
to firms inelastically. He earns a wage income w,; and pays on this income a
tax 7" used by the government to finance health expenditures (see below).
Following Blanchard (1985) and Yaari (1965), we assume that there exists a
perfect annuities market whereby each individual deposits his saving with a
mutual fund, at the end of her youth. The mutual fund invests their saving in
capital and guarantees a gross return lf{t—i—l to the surviving old. If the gross
returns on investment in the economy is R;.1, perfect competition ensures
that in equilibrium R, = Wﬁft+1.

The budget constraint of a young is
Cit + S = (1 — Th)wt
where s; denotes saving in young. The budget constraint of an old is

Cot41 = Rt+1 S¢

5 Although individual consumers face uncertainty about their date of death, there is no
aggregate uncertainty: a fraction 7 of the consumers in each generation dies at the end of
the first period of life.
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The program of a consumer is

maxe,, s, Ut
s.t. ey < (1 — 7wy — 54
Cory1 < Ryp18e

with wy, Q¢, Qry1, Riyr given.

It gives
™
147

(1 —7")w (2)

St =

2.2 Firms and pollution

Firms operate through perfect competition using physical capital and labor

to produce a final good with a constant returns technology:
Y, = AP (hg)' e, a €0, 1] (3)

where Y; is the aggregate output, K; is the aggregate productive capital and
h is labor measured in terms of efficiency units (recall that the size of each
generation is normalized to unity). € € [0, 1] captures the influence of health
on the productivity of workers in the final production. A, is a productive
scalar. As discussed in Romer (1986), we assume that there exists external
effects of aggregate capital on productivity: A, = AK!™ where A > 0 is
a constant parameter. The aggregate capital stock K; enters the technology
as a constant parameter from the perspective of current producers.® Capital
depreciates fully in the production process.”

Firms create environmental harmful emissions of pollutants as by-products

of their use of physical capital. The emission of pollution at time ¢ is therefore

6This assumption is made to obtain an endogenous growth in the steady-state. The
choice of an AK source of endogenous growth is made by convenience.

"The production process is over the course of a generation. As noted by Pecchenino
and Pollard (1997), “[s]ince empirically the depreciation rate is about 10% per year, capital
is all but fully depreciated over the course of a 25 year generation. We assume, therefore,
that capital is fully used up in the production process.” (p.28)
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given by:
Et = Zth (4>

where 2, > 0 measures the units of emissions produced by one unit of physical
capital used in the final production. In order to control emissions, the gov-
ernment levies environmental taxes on firms. In period ¢, the firms must pay
7P units of ressources for one unit of production and they choose the amount
of factors they use maximizing their after-tax profit (1 —77)Y; —w,L; — p, K,
where p,; is the rental price of capital in period . The following first-order

conditions are obtained:
a(l—1")AR) ™ = p, (5)

(1—a)(1—7)AK, (B5)"™* = w, (6)

The stock of pollution, P, increases with the emissions produced by firms,

such that the motion of the stock of pollution is:
Pii=0—-y)P+ E, (7)

where 0 < 1)y < 1 is the level of pollution absorption. This level is assumed to
depend on the maintenance of environment provided by the government as a
public good and financed by the environmental tax revenue 7Y . Therefore,

we pose:

Y = 2yT"Y, (8)

where z; > 0 measures the efficiency of the environmental investment. Fi-

nally, the environmental quality, )y, is defined by the difference

Q:=Q—F (9)

where () represents the environmental quality without pollution.
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2.3 Pollution and health

The health status, h, evolves according two opposite forces. On the one
hand, biological processes involve a natural decay of health simply as time
passes. On the other hand, health expenditures are used to fight against this
deterioration. Following Grossman (1972) and Cropper (1981) we further
assume that health depreciates over time with pollution, and more precisely
at a rate which positively depends on the stock of pollution.® So, we pose

that health evolves as the following:

G
hiy1 — hy = Vt — &EP Iy, v € [0,1] (10)
t

where (/Y represents the health expenditures per GDP and y measures the
influence of the stock of pollution on the natural decay. £ is the natural rate
of decay without pollution. Public health expenditures are financed through

a proportional tax 7 € (0,1) on the wage, then G; = 7 w;.

3 The general equilibrium and the balanced
growth path (BGP)

The good market clearing yields:
s = K

and perfect competition in the final goods sector implies that (assuming

complete capital depreciation)

Ry = py (11)

8Grossman (1972) and Cropper (1981) consider that ambient air pollution affects the
rate at which health depreciates. Several empirical studies emphasize that this is the
cumulative process of air pollution which strongly affect health, espcially for young people.
That is the reason why we take into account the stock of pollution rather than the flow of
pollution.
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with R, = 7T1f€t.

In the balanced growth path, defined as a steady-state where all variables
evolve at a common positive rate of growth, the quality of environment must
remain constant. From (9), it implies that the stock of pollution must also
be constant. From (7) and (8), the level of the stock of pollution in the
steady-state is (the star refers to the steady-state):

2k 1

P = [A (R 0] (12)

ZyTP

It is negatively influenced by the environmental policy and by the health-

status through its impact on final ouput. Healthier workers generate a higher
level of output and therefore a higher level of abatement activities.

Health status also remains constant in the steady-state. Therefore, from

(10) and (6), its value in the steady-state is given by:

(1 —a)r™(1 —7P)
£P+

It is negatively influenced by the stock of pollution in the steady-state and

W= (13)

by the level of pollution tax which reduces health expenditures per GDP.

Equations (12) and (13) together define both P* and h*:
o

h* = {(?7‘2)7 (1 —a)r"(1 —7P)(7P)7 (14)

with ¢ = . The environmental tax has an ambiguous impact

on health ltattglz.(l()nc?he one hand, it reduces emissions of pollutants and
therefore the stock of pollution, which lowers the depreciation rate of the
health-status and is positive for health. On the other hand, it reduces the
wage rate and therefore health-care expenditures which is detrimental for

health.
Finally, the growth rate in the economy is K1 /K; = s;/K; = 1+ g;:

(1—7"(1 - a) »
D= o) (15)

1+9I=[
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8! ¢
where Q(7F) = [(;i) (1— CM)’Th] A2 (1 — 7)1 (7P)7% and o = (1 —
2k
a)ed = (1 —a)e/(1 —ey(l—a)).
The influence of 77 is given by 9(1 + ¢7)/d7F =
ol+gr)  (1+g)?
oQ () (1—=7"(1—-«)
oQ(1P) vo o 14
V) _(E_ T
orP ™ 1—7P
the rate of growth when the environmental tax 77 is lower than a threshold

o(14+97)
oQ(rP)

oQ(rP

5rF ). Because

X

{oa =7 Q") L1r=7 + Q(7)"2} > 0 Vo and

(7P), environmental policy positively influences

value

pE—fy(l—a)a <1
14+ (1 —a)e

=

Consequently the influence of environmental policy on growth is a reversed-
U shape function. On the one hand, by taxing production, environmental
policy reduces the rewards to factor and so diminishes saving, which is detri-
mental to growth. On the other hand, by reducing pollution it increases
health in the economy. Agents have a higher productivity which promotes
factor rewards and so saving.

The threshold value of 77 over which environmental policy is detrimental
to growth, is positively influenced by e, which measures the influence of health
on the productivity of workers, and by 7, which measures the influence of
pollution on public health. The more pollution hits health (higher ) and
the more health affects the productivity of workers (higher €), the more
government can tax pollution with a positive impact on growth. The higher
the part of the physical capital in final production («) the more likely is a
detrimental impact of environmental taxation on growth.

This result calls for an active environmental policy. If € or v is null,

health does not influence productivity or the stock of pollution does not affect

health-status, the environmental policy is always detrimental for growth.
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4 Health investment and environmental pol-
icy

Previously, we made simplified assumptions to capture the main mechanisms

between environment, health and growth. Especially we abstracted from the

fact that better health may be expected to affect positively utility” and that

agents may invest scarce resources to increase health. This may modify the

results found in the previous section.

Following van Zon and Muysken (2001), preferences (1) are modified to

integrate health and become
U=In (c}t_ehﬁ) —nlnQ,; + ér [In (c%t_flhirl) —nIn Q1] (16)

with 0 < 6 < 1 measures the relative contribution of health to intertemporal
utility, compared to per capita consumption.

Furthermore, we assume that health is not promoted by the government
but rather by a private health sector which provides health services H;. To
keep things simple, we consider that health sector only uses labor in a pro-
portion v €]0, 1[:*°

H, = AH,tVtht

' In our formulation, healthy

with AH,t > 0 is a productivity parameter.!
workers produce more health services. To keep the model tractable we sup-
pose that the external effects in the manufacturing sector spill over into health
sector such that /~1H7t = A K;.

In the law of motion of h given by equation (10), G, is now replaced by

9See van Zon and Muysken (2001) for some justifications.

10 Assuming that physical capital is also used in the health sector would give the same
qualitative results but also more complicated expressions. Proof upon request.

11'We assume constant returns in health sector because it highly simplifies the model
and enables to obtain an implicit expression of the growth rate.



Environmental policy, health and growth

13

H;, so
hijr = he —EP by + H )Y,

The production function (3) becomes
Y, = AKhF =9 (1 — )t
and profit maximization gives
wr = (1= a)(1 = )AK R (1 — )@
pe=a(l — ) ARV (1 — )t
Now, the program of the consumer is

max U,
st,Hy
s.t. Ct S Wi — St — tht
diy1 < R85

hiy1 = hy — P/ hy + Hy/ Y,

where m; is the price of health services and m;H; represents the value of

health services expenditures made by an individual when he is young.

Free-allocation of labor between sectors implies that the remuneration

of labor in final output equals the remuneration of labor in health sector:

myAg Kih = wy. So wy — myH; = (1 — v)w, and saving is written as:

o
1+om

St = (1 — Vt) Wi

The maximization of utility also gives the expression of v:

Y, = {(1—9)(1+5W)Yt }—1

A 1
oormtt

In the steady-state, the stock of pollution is constant at the level

Zke -1

pr — [Ah*s(l—a)(l B V*)l—a}

Zw’Tp

(17)

(18)

(19)
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The health-status is also constant at the level

h* = ﬁl/*(l — ) ipr ’ = H(v*, P) (20)
LA T -

and the allocation of labor in the health-sector in the steady-state is constant

at the level

V= [(1 - Hgfsf ) prr 1} = V(P) (21)

In the steady-state, young allocates more labor to health sector when the
relative contribution of health to intertemporal utility (€) is higher and when
the probability of surviving (7) in the next period is higher because the
probability to benefit from investment in health increases. They also invest
more in health when the level of pollution is higher in order to compensate
the deterioration of his health status.

Equations (19), (20) and (21) define both the stock of pollution, the
health-status and the allocation of labor in health sector at the steady-state:

AH <1— 2k (1 - 9)(1 + (57'(') .— .
(T)P W_Z,m{ 0o R (22)

Because the left-hand side is increasing with P* this equation defines a unique

steady-state value for the stock of pollution P*. An increase in 77 reduces

the stock of pollution in the steady-state at an increasing rate:
P* = 0P* /0P = —P*D(P*) < 0

—1
with D(P*) = {(1 — )y (i) U=0)(1om) P*‘l] > 0, and
Zap AH

P*" = — P*'D(P*)+ P*D(P*)? [(1 —) - j_z (AiH)

(1 —=0)(1+om)
0o

PP >0

From (21) it implies that the allocation of labor into the health sector is

decreasing with 77. From the expression of saving, the growth rate in this

1 ) (ﬁ) (i - 1) P! (23)

(140m) \zp/) \ 7P

economy is
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The influence of the environmental tax is given by:

O(1 + g2)/ 07" = —75(7;(1?573) (j—i) (Pr?) 2 [P+ 77(1 — %) P"']

Consequently 9(1 + g2)/0m" > 0 if

T, <AH) oor (24)

Because the first term in the right-hand side of the equation is convex and
the second term is concave, it is not easy to find the threshold value of 77
for which both sides equate. Therefore, to investigate under what conditions
this relation is verified, let us consider three values for ~.

When v = 0, equation (22) defines an explicit expression for P*:

2k [(1 —0)(1+ om)

Zw TP

P*|v=0 = + 1]

™

and the growth rate in the economy becomes

om(l — a) o [(1=0)(1+ 0m) -
(11 om) (1_7){ dom “]

1+ galy=0 =

which is a decreasing function of 7P. Therefore,when pollution does not
influence the evolution of health status, environmental taxation has always
a negative impact on the steady-state the growth rate.

When v = 1, the steady-state stock of pollution is defined by

AHZ¢TP 1 -1 (1 — 9)(1 —0—(577')
&z, om

Prly= = [

§2

To have P* > 0, it is required that 77 >
A HZy

£z,
AHZ¢

, and we have to impose that

< 1, otherwise no positive growth is possible. Condition (24) becomes

Tp<l

§2k, 2
AHZ¢
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Therefore, when the impact of pollution on health-status is the highest,
there exists a threshold value of the environmental tax under which environ-
mental policy promotes growth. This threshold value is independent from the
impact of health on workers’ productivity (&) but positively depends on the
rate of depreciation of health-status () and the capacity of physical capital
to generate pollution z;. It negatively depends on the productivity parame-
ter in the health sector (Ay) and on the efficiency of the abatement activities
(2y)-

Finally, when v = 1/2, equation (22) becomes a second-order equation
2

§zp ?
AHZw’Tp

with an explicit solution for P*:

Pl [\/4zwAH(1 —O(+6m)

SZke(SW

Therefore, condition (24) becomes

-2
Ex00m 1
42y A (1 —0)(1 + om)7P

Because the right-hand side of this equation is an increasing function of 77

1
/2> 7"+ ¢

and its limit equals 0 when 77 tends towards 0, for low values of 77 this
condition is verified while for high values of 77 this is not the case. The

and on #47. It is lower

threshold value positively depends on the ratio

than 1/2.

AHZw

5 Endogenous probability of surviving and
environmental policy

In this section we investigate the impact of environmental policy when health
damage from air pollution comes in the form of premature mortality rather

than a lower productivity of workers. This may modify the link between
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pollution and growth highlighted in the previous section because two opposite
effects arise. On the one hand, healthier persons have a higher life expectancy
and so a higher probability of surviving. So they save more and then it
is positive for growth. On the other hand, if old agents contribute to the
workforce, a higher probability of surviving leads to a increase in the labor
force and tends to reduce the productivity of labor and therefore wages.
Consequently, is the negative impact of environmental taxes always offseted
by a healthier population?

To answer this question, we modify the model of section 2 in two ways.
First, we choose ¢ = 0 and we endogeneize the probability of surviving =
in the same line than Chakraborty (2005) assuming that the probability of

surviving 7 is a non-decreasing function:
= m(hy) (25)

that satisfies 7(0) = 0, limj,_, I[I(h) = 8 < 1 and limy,_o II'(h) = v < 0.
Second, we assume that old consumers (born at t) enter the labour force
at t+ 1 and earn a wage wyy1. Therefore, the program of the consumer born

at ¢t becomes:
maxe,, s, Ut

s.t. ey < (1 — 7wy — 54
Cor1 < Ryy18¢ + wipq

The first order condition gives saving

Tt 0

= 1+m0 wt+1/Rt+1 (26)

(1 — 7"y

ot a 1+7Tt5

Wlth Rt = ,Ot/ﬂ't-
Because the old work, the labor in the manufacturing sector at date t is
the sum of the overall young (with a size normalized to unity) and of the

old still alive (with a size equal to m;_1). Therefore, the production function
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becomes

}/;g = AKt(l + 7Tt_1)1_a
The wage rate and the interest rate are respectively:
wy=(1—a)1—=71")AK{(1+m_1)" "

pr = a(l — YA + 1)

Therefore, the discounted wage when old is

> T (1l — @)
Ry = ———F7FK,
wt—l—l/ t+1 a(l i m) t+1
and saving may be written as:
(1—a)md(l —7M) (1 —71P)A  m(l—a)

St = t t+1

(14 6me) (1 4 mp—q)® a(l + om)(1+m)

The market clearing condition always equates the overall saving by young
at t and the stock of physical capital at ¢t + 1. Using the previous equation,
we obtain the expression of the ratio K;,1/K; and therefore the growth rate

in the economy gs:

Kig (1—a)mé(1 —7h)(1 —-7P)A 14
Kt N o 7Tt+1(]- - Oé) N ot
(1+7Tt—1> [1+5W+7Q(1+W)

In the steady-state, the health-status is constant at h* defined by equation
(14) with e = 0:

h = (?7‘3)7 (1= a)r"(1 = )()

and the probability of surviving is also constant: m_y = m = my = 7.

Using (26), the growth rate in the steady-state is defined as

14+g3=a(l —a)dA1 — 7)1 — P )YH(P) (27)
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w(h*) [1 4 m(h*)] "
a+ adm(h*) [1 + 7(h*)] + 7 (h*)
positive effect of the probability of surviving (through the saving propensity)

. This ratio accounts for the

where H(7P) =

and the negative effect of the probability of surviving (through the increase
in the labor force and the decrease in the wage rate). The first effect offsets
the second one and the ratio is an increasing function of m(h*).!2

The environmental tax positively influences the growth rate g5 when

dH(P) S H(7P)

drP 1—7P
: H(TP) . . .
In the appendix we demonstrate that I is positive only if 77 <
T

v/(14 ) and that the previous condition is verified when environmental tax
is lower than a threshold value.

Consequently, for low value of the environmental tax, environmental pol-
icy is positive for steady-state growth and for higher tax, it becomes harmful.
It remains to find the determinants of the threshold tax rate.

When pollution does not influence health (7 = 0), the influence of the

environmental taxation on the growth rate is always negative.

6 Conclusion

The aim of this paper was to investigate the impact of environmental policy
on long-term economic growth focusing on the detrimental impact of pol-
lution on health and the several ways by which health promotes long-run

performances.

12The derivative with respect to m(h*) is:

a+m(h*)[(1 = a)r(h*) + a2 — a(l + 7 (h*)(1 + w(h*)))]]
(L+m(h)e [r(h*) + o+ m(h*)(1 + m(h*))ad)?

>0

because 0 < § < 1 and 0 < 7(h*) < 1.
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Merging environmental economics, health economics and growth theory
in a two-period overlapping generations model, we demonstrate that pollu-
tion taxes have two opposite effects on economic growth. The positive effect
relies on the reduction of pollution which makes workers healthier and then
increases their productivity. The negative effect arises because emission taxes
reduce the reward to factors and then saving. For pollution taxes under a
threshold value, environmental policy enhances growth, oterwise it is harm-
ful to growth. Examining the determinants of this threshold value, we show
that the more pollution hits health and the more health affects the produc-
tivity of workers, the more government can tax pollution with a positive
impact on growth, but the lower will be the growth rate. When investment
in health-status by the agents is taken into account, we demonstrate that
environmental policy may be positive for growth for values of environmental
taxation lower than a threshold only when the detrimental influence of pol-
lution on health-status is high enough. In such a case, the effect of health
on workers’ productivity affects neither the steady-state level of pollution
nor the steady-state rate of growth. Furthermore, the threshold value un-
der which the environmental tax is positive when the influence of pollution
on health is the highest positively depends on the capacity of the physical
capital to generate pollution. Since the detrimental influence of pollution
on health is well-documented and the capacity of production to generate
pollution remains high, this result calls for an active environmental policy.

Assuming that the channel of transmission between health and growth
is not workers productivity but rather the lifetime of agents, we obtain the
same qualitative result of an ambiguous impact of environmental taxation on
growth. Finally, we demonstrate that all these results are robust when we

consider that agents invest scarce resources in health promoting activities.
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Appendix

Endogenous lifetime

d P d ) dmw(h*) dh*
We know that 7;7(; ) = d,:;{é}:*)) 7;(h* ) et The two first terms in the

right-hand side of the equation is positive. Indeed, if we assume that, like

Chakraborty (2005), w(h) = CH—Lh with 0 < ¢ < 1 and n = (, we have:

d *

)¢,
dh* (1 + h*)?

which is a decreasing function of 7P. Furthermore

dH(™")  a+7m(h*)[(1-a)r(h*)+ a2 —a(l+7(h*)(1 + m(h*))d)]]

= : >0
dm(h*) (1 +7(h*) [m(h*) + o+ w(h*)(1 4+ w(h*))ad]
And the last term
dh* ZwA v py—1
= R S— — (1 p
== (22) - e
is positive when 77 < /(1 + ) and decreasing in 77. Therefore
dH(TP) .
" >0 it P <y/(147)

Furthermore, lim»_o dH(7?)/dT? = 400 from the previous derivatives. Con-
sequently dH(7?)/d7? is decreasing in 77.

On the other hand, we have lim,»_o H(7?) = 0 and lim,»_; H(7?) = 0.
Consequently, lim»_oH(7?)/(1 — 77) = 0 and from the L’Hospital rule
lim,»_1 H(7P)/(1—7P) = 400 because we demonstrated that lim,» .o dH(7?)/drP =
+00.

We can conclude that dH(7?)/dm? and H(7")/(1 — 7P) intersects for 77 €
10,v/(1 + 7)[ and the condition dH(7P)/dr? > H(7P)/(1 — 7P) is verified for

values of 7P lower than the intersection value.



