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Abstract

This paper explores the interplay between population and environmental quality. After
reviewing the existing literature, we set up a theoretical framework suitable to analyze two
major endogenous forces of demographic change – fertility and life expectancy – and their
dynamic interaction with human capital and environmental conditions. We thus revisit and
encompass in a unified model some key results of the literature, and gain new insight on the
consequences of policy intervention on environmental dynamics and economic development.
In particular, we highlight (i) the possible perverse effects of pollution control, (ii) a demo-
graphic explanation of the environmental Kuznets curve, (iii) the opportunity of relying on
educational subsidies to alleviate the pressure on natural resources, and (iv) the existence of
poverty traps related to human capital and environmental quality.
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1 Introduction

This paper is concerned with the interplay between population and environmental quality.
In particular, we set up a theoretical framework suitable to jointly analyze two major en-
dogenous forces of demographic change, namely fertility and life expectancy, and relate them
to human capital and environmental conditions in a dynamic perspective. This complements
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the existing literature on environmental matters, which has, in most cases, separately stud-
ied the implications of longevity and fertility – thus missing some interesting elements of
analysis.

To do so, we build an extension of our previous work (Mariani et al., 2010), which allows
us to reproduce and revisit some key results of the previous literature and gain new insight on
the consequences of policy measures such as environmental taxes and educational subsidies
on environmental dynamics and economic development. Among others, we highlight (i)
the potential perverse effect of environmental regulation, (ii) the possibility of relying on
educational subsidies as an effective policy tool to alleviate the pressure on natural resources,
and (iii) the existence of poverty traps related to human capital and environmental quality.

A key starting point of our work is that environmental care betrays some concern for the
future, be it one’s own or that of forthcoming generations. Yet, the way people value future
is crucially affected, among others, by their life expectancy: a higher longevity – or better
health – makes people more sympathetic to future generations and/or their future selves, thus
pushing them to invest more in environmental quality and in the quantity and/or quality
of their offspring. These investment decisions drive the future dynamics of the economy,
affecting its demographic and economic trajectory, and therefore the state of the environment.
The causal link between life expectancy and socio-economic and demographic outcomes
(environmental quality, human capital accumulation and population growth) may, however,
also go the other way around, with the latter being a major factor affecting health and
longevity. This intricate interplay, and the way it can be shaped by policy, lie at the center
of our analysis.

The paper is organized as follows. After this Introduction, Section 2 reviews some of
the most relevant research in the field. Section 3 presents and develops our model, whose
dynamics and the related policy implications are analyzed in Section 4. Finally, Section 5
provide some concluding remarks.

2 Literature review

Many economists have pointed out the importance of studying population growth and, in
particular, how societies form their fertility decisions, as main determinants of environmental
quality and natural resources. For instance, Dasgupta (1993) suggests the possibility of im-
portant childbearing externalities on common property assets such as natural resources. Very
much in the same spirit as our contribution, Dasgupta (1995) also highlights that popula-
tion growth can be both a cause and a consequence of underdevelopment and environmental
degradation, thus recommending not to regard population as an exogenously given feature
of the economy. This calls for the need of an appropriate analytical framework to study the
interaction between endogenous population growth, environmental conditions and economic
growth, and identify appropriate policy interventions.

In this context, Harford (1998) provides a stylized, two-period model of endogenous
fertility, where population growth deteriorates the environment. Aggregate consumption
induces pollution which, in turn, reduces individual welfare. With endogenous fertility, the
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usual Pigouvian tax on pollutant activities is not enough to decentralize the social optimum,
since individuals should not only pay a tax covering the pollution cost generated by their own
consumption, but also compensate for the externality created by their children. Harford’s
model, however, has important limitations since it overlooks the issues of economic growth
and sustainability, and does not consider the quantity-quality trade-off inherent to parental
decisions.1

A more recent paper by Schou (2002) proposes an alternative analytical framework, based
on an infinite-time model with the quantity-quality trade-off. Like Harford (1998), he shows
that implementing the social optimum requires to tax fertility, in the presence of population
externalities. By assuming that agents are perfectly altruistic, however, the model under-
estimates the effect of intergenerational externalities on environmental conditions related to
fertility choices.

The hypothesis of perfect altruism is relaxed by de la Croix and Gosseries (2011), who
propose an overlapping generations model showing how considering endogenous fertility is
crucial to gauge the implications of pollution control. Their OLG framework allows for“warm
glow” altruism and the quantity-quality trade-off , and consider Pigouvian taxes or tradable
quotas in order to control pollution. The key finding of that paper is that pollution control
induces a natalist bias, and therefore a pernicious effect on the environment, when fertility is
endogenous. In fact, for a given technology, environmental taxes pushes agents to shift away
from production to tax-free activities such as procreation, thus increasing the demographic
pressure on the environment and gradually impoverishing successive generations.2

In a recent study, Gerlagh et al. (2018) consider an OLG model with dynastic altruism,
whose problem is fairly similar to Schou (2002). They consider that pollution, modeled as
a stock that accumulates over time, damages the productive potential of the economy –
rather than hurting utility. They also assume a non-linear technology for human capital
accumulation in the fashion of de la Croix and Doepke (2003), and deliver a message largely
consistent with the previous literature: family planning should be part of environmental and
climate policies.

While considering fertility as exogenous, another branch of the literature focuses specif-
ically on the interaction between environmental conditions and life expectancy – motivated
by the intriguing two-way causal relationship between those two variables.3 Initially, this
literature studied environmental care under uncertain lifetime without considering, however,
that environmental conditions can in turn affect longevity (see for instance Ono and Maeda,
2001). On the opposite, Jouvet et al. (2010) explicitly consider the state of the environ-
ment as a decisive factor influencing mortality, but ignore the role of life expectancy in
determining the environmental choices made by economic agents, namely their investment

1Becker (1960) first introduced the idea that parents may substitute quality for quantity, choosing to
have less but better educated children. See also Becker et al. (1973), de la Croix and Doepke (2003) and
Doepke (2004), among others.

2One possible solution to this problem could consists in capping population.
3In particular, several studies in medicine and epidemiology have documented how environmental quality

is a significant factor affecting health and, in particular, longevity. See for instance Pope (2000), Pope et al.
(2004), and Evans and Smith (2005).

3



in environmental maintenance.
Building on this earlier literature, we have been the first (Mariani et al., 2010) to con-

sider both directions of the aforementioned two-way causal relationship, and explore the
implications of the interplay between life expectancy and environmental quality. In our pa-
per, we integrated the well-established effect of environmental conditions on life expectancy
with the idea that a higher longevity makes people more sympathetic to future generations
and/or their future selves, thus making longer-lived agents more inclined to invest more in
environmental quality. A major contribution of our analysis is that it can explain the exis-
tence of multiple equilibria: some countries might be caught in a low-life-expectancy/low-
environmental-quality trap while the others reach a long-run equilibrium characterized by
better living conditions and longer life expectancy.4 This outcome is consistent with stylized
facts relating life expectancy and environmental performance measures. In particular, using
data on life expectancy and the EPI indicator, we have been able to show that environmental
quality and life expectancy are bimodally distributed among countries.5 In Mariani et al.
(2010), we further show that our findings are robust to the introduction of growth dynamics
based on physical or human capital accumulation, but do not explore the implications of
endogenous fertility.

In a similar vein, Constant (2018) develops an OLG model where human capital is the
source of endogenous growth and inequality among individuals, and emphasizes the role
of heterogeneous effects of pollution on agents’ longevity in determining multiple balanced
growth paths. In this framework, she defines a new “kind” of environmental poverty trap
also characterized by increasing inequality, and shows that taxing pollution can help the
economy escape the environmental trap. Like Mariani et al. (2010), however, Constant
(2018) abstracts from endogenous fertility decisions.

Introducing endogenous fertility choices in Mariani et al. (2010) constitutes the starting
point of the present paper. This allows us to bridge the gap between the two above mentioned
branches of literature: that concerned with the interplay between life expectancy and the
environment (to which our previous paper belongs) and the one dealing more specifically with
the effect of population growth on the environment. In fact, with the possible exception of
Jouvet et al. (2011), the existing literature has proposed a separate treatment of the impact
of fertility and life expectancy on the environment.6 We believe that our original framework,
by dealing with human capital driven growth (and thus the quality-quantity trade-off), can

4In the “environmental” literature pioneered by John and Pecchenino (1994), environmental quality and
longevity have typically been identified as important elements to explain underdevelopment traps (see also
Ikefuji and Horii, 2007). The role of life expectancy, however, has typically been overlooked – different to
some papers such as Blackburn and Cipriani (2002) or Chakraborty (2004) that, although not focused on
environmental problems, have put the spotlight on longevity as a possible source of multiple equilibria

5The bimodal distribution of life expectancy and the EPI has been further confirmed by Dao and Eden-
hofer (2018), who use updated data and identify more than two convergence clubs.

6In their paper, Jouvet et al. (2011) consider a possible trade-off between longevity and fertility and focus
on population density as a threat to environmental quality. They do not consider, however, the possibility
that agents directly affect the stock of the available resources through their choices, and abstract from the
quality-quantity trade-off when studying fertility decisions.
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be fruitfully extended in order to analyze the complex fertility-longevity-environment nexus.

3 The model

We set up a simple model in which agents allocate their income between consumption,
environmental maintenance and children’s education.

3.1 Demography, preferences and technology

We consider an infinite-horizon economy populated by overlapping generations of agents
living for three periods: childhood, adulthood, and old age. Time is discrete and indexed by
t. All decisions are taken in the adult period of life. Individuals live safely through the first
two periods, while survival to the third period is subject to uncertainty. We also deal away
with heterogeneity by assuming that agents are identical within each generation.

Adult agents maximize the following utility function

Ut = ln ct + πt(α lnntht+1 + γ lnmt), (1)

where ct denotes own consumption, mt is the expenditure in environmental maintenance,
while nt and ht+1 refer to the quantity and quality (human capital) of children, respectively.
In particular, nt denotes the number of children per parent. The survival probability is
πt ∈ (0, 1) , whereas α > 0 and γ > 0 represent the weight that agents give to children and
environmental quality. The overall importance of those two arguments of utility is mediated
by the survival probability as we assume that, contrary to current consumption, children
and environmental quality are enjoyed in the third period of the agents’ life. Note also that
– for the sake of simplicity – environmental quality is introduced in a joy-of-giving fashion:
agents derive utility directly from the actions they take in order to improve the environment,
rather than from future environmental quality itself.7 In this sense, γ may be interpreted as
a measure of some kind of environmental sensitivity.

The individual budget constraint is given by

(1− τ)(1− φnt)wtht = ct +mt + (1− σ)ntet. (2)

On the left-hand side of the above equation, we have the agents’ disposable income. In
particular, the unit wage wt multiplied by human capital ht and working time (1 − φnt)
(where φ ∈ (0, 1) is the time cost of raising each child) gives the gross income, while τ ∈ (0, 1)
is the tax rate on production that, as will become clearer below, can account for some kind
of environmental regulation. On the right-hand side, we have total expenditure, where et is
per-child educational expenditure, and σ ∈ (0, 1) stands for an educational subsidy.

7This is reminiscent of “warm glow” specification of altruism due to Andreoni (1989).
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Our agents face technological constraints. Following de la Croix and Doepke (2003),
human capital accumulates according to

ht+1 = δ(θ + et)
βh1−βt , (3)

where δ > 0 is a productivity parameter, θ > 0 prevents human capital from falling to zero
in the absence of educational investment, whereas β ∈ (0, 1) regulates the importance of
nature (parental human capital ht) vs nurture (education et) in human capital formation.

Output is produced using human capital (of adult individuals) only, such that it is given
by

Yt = (1− τ)(1− φnt)whtPt, (4)

where Pt is the size of the active (i.e. adult) population at time t, and w is a productiv-
ity parameter that, for simplicity, we assume to stay constant over time. In this stylized
framework, the tax rate τ can be interpreted as an environmental policy instrument: by
imposing cleaner production standards, the government reduces the size of output that can
be obtained for a given value of inputs, and thus the available income of workers employed
in production.8 Because of the structure of the production function, which is linear in labor,
the profit-maximizing wage rate is

wt = w. (5)

As far as environmental quality X is concerned, it evolves over time according to the
following dynamic equation:

Xt = (1− η)Xt−1 + (µmt − ξct − κ(1− τ)(1− φnt)wht)Pt. (6)

In this formulation we can see that environmental quality may be improved through mainte-
nance, while it is harmed by two potential sources of pollution: consumption and production.
The impact of these three variables depends on population size Pt, and is further mediated
by the parameters µ, ξ, κ > 0. As far as production is concerned, its environmental impact
is attenuated by τ . We also assume that η ∈ (0, 1), such that environmental quality can be
regarded as a stock (see among others, Mariani et al., 2010; Palivos and Varvarigos, 2017;
and Gerlagh et al., 2018).9

Note also that we make the simplifying assumption that people do not consume as old
and as children. Introducing this possibility in the model would bring about further analytic
complications, without significantly altering the qualitative results of our analysis.

Finally, adult population varies over time according to

Pt+1 = ntPt. (7)

8This way of modeling environmental regulation does not require us to write down the government budget
constraint.

9The case of η = 1, which is more appropriate to study pollution as a flow, rather than environmental
quality as such, will be explored in further research.

6



Throughout the paper we will often use the term“population”to refer to adult population,
since adults are the only economic agents who take relevant economic decisions. At any date
t, however, the true size of population (which sums over the three overlapping generations)
is equal to Pt(1 + nt + πt/nt−1).

3.2 Optimal choices

Taking πt as given, agents choose ct, et, nt and mt so as to maximize their utility function
(1) subject to Equations (2) and (3). From the first order conditions for et, nt and mt, we
obtain:

et =


0 if ht ≤

(1− σ)θ

βφ(1− τ)w

βφ(1− τ)wht − θ(1− σ)

(1− β)(1− σ)
if ht >

(1− σ)θ

βφ(1− τ)w

, (8)

nt =


απt

φ(1 + (α + γ)πt)
if ht ≤

(1− σ)θ

βφ(1− τ)w

α(1− β)(1− τ)πtwht
(1 + (α + γ)πt)(φ(1− τ)wht − θ(1− σ))

if ht >
(1− σ)θ

βφ(1− τ)w

, (9)

mt =
γ(1− τ)πtwht
1 + (α + γ)πt

. (10)

Residually, we can also obtain the value of consumption by replacing the above optimal
choices into the budget constraint.10

From Equations (8) and (9), we can see that fertility is at its maximum as long as
human capital is low enough, and parents choose not to educate their children (et = 0). If
we restrict our attention to interior solutions (et > 0), we can look at some of the main
determinants of the optimal choices.

Concerning the role of human capital, we have that ∂et/∂ht > 0 and ∂nt/∂ht < 0, while
∂mt/∂ht > 0. More educated parents, because of the higher opportunity cost of children,
have lower fertility but invest more in the education of their offspring. Being richer, they
also devote more resources to environmental maintenance – which has only a monetary cost
and does not detract from their time endowment.

A higher probability to survive to the third period, by boosting their preference for the
future, pushes parents to make more children (∂nt/∂πt > 0) and take better care of the
environment (∂mt/∂πt > 0), while – different from Mariani et al. (2010) – it does not affect
their investment in education (∂et/∂πt = 0), because parents are also concerned about the

10More details on the derivation of optimal choices are provided in Appendix A.
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quantity (and not only the quality) of their offspring.11

As far as policy parameters are concerned, we see that τ – which can be regarded as
an environmental tax, as it hinges on polluting production – has some interesting effects on
optimal choices. By making workers poorer, it discourages investment in education (∂et/∂τ <
0), which may benefit the environment by reducing future production. However, it also
hampers investment in maintenance (∂mt/∂τ < 0) and stimulates fertility (∂nt/∂τ > 0)
by redirecting resources from the production of output to the production of children. By
consequence, taxing pollution activities may have perverse effects on population growth,
which may harm the environment in a dynamic perspective. This result echoes de la Croix
and Gosseries (2011), who show how policies intended to control pollution through taxes
make people more inclined to engage in tax-free activities such as procreation: this natalist
bias may end up deteriorating the environment, through an increased demographic pressure
of natural resources.

Finally, educational subsidies do not affect optimal maintenance but favor quality vs
quantity of children (∂et/∂σ > 0, ∂nt/∂τ < 0). This has potentially ambiguous effect on
the environment, since a higher σ increases production (and thus pollution) per capita, but
slows down population growth.

4 Dynamics

We now turn to the analysis of the dynamic behavior of our economy.
Once we substitute optimal choices – as given by expressions (9), (8) and (10) – into

Equations (3), (6) and (7), we obtain a dynamic system of three equations, which governs
the evolution of our economy over time.12

In order to simplify our analysis, we restrict our parameters to those values that allows
to (i) rule out multiple equilibria, when the survival probability is constant, and (ii) focus
on a balanced growth path with strictly increasing human capital. The implied parametric
condition requires productivity to be high enough.

Assumption 1

w >
1− σ

δ1/ββφ(1− τ)
. (11)

Under this condition, the long-run growth rate of human capital is given by

g?h = δ

(
βφ(1− τ)w

(1− β)(1− σ)

)β
− 1. (12)

11In de la Croix and Doepke (2003), who also have both quantity and quality of children in the parents’
utility function, the discount rate affects fertility but not education. Here, we have the same result for the
survival probability, which contributes to define the rate of preference for the future.

12Notice that Equation (3) can be solved independently of (6) and (7), if life expectancy is exogenous. By
consequence, dynamics are one-dimensional. When, instead, life expectancy is endogenously determined by
the stock of human capital and/or environmental conditions (see Section 4.2), the analysis of the dynamic
system is much more complicate, since the three equations become interdependent.
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It can be immediately seen that the parameters σ, β, w and φ all have a positive effect on
the growth rate of the economy. 13 In particular, a higher time-cost of children, by pushing
parents to prioritize quality over quantity, foster human capital accumulation and growth.
On the other hand, τ hampers production and thus slows down growth in the long run.

We also assume, for the moment, that πt = π (the case of endogenous life expectancy
will be explored in Section 4.2). Along the balanced growth path population grows at a rate
given by

lim
h→∞

nt =
α(1− β)π

φ(1 + (α + γ)π)
. (13)

Note that, while α and π have a positive effect on population growth, parameters such
as φ, β and γ – by making parents less interested in reproduction (and more inclined to
invest in children’s education and environmental maintenance, respectively) tend to reduce
demographic growth.

Since we cannot fully characterize analytically the dynamical system, in what follows
we resort to numerical simulations in order to describe the dynamics of the model. Al-
though largely arbitrary, the parametrization upon which our numerical examples are based
is intended to have plausible implications. In particular, we will rely on a common set of
parameter values and play with (i) policy parameters (τ and σ) and (ii) initial conditions on
environmental quality and human capital, so as to discuss some interesting implications of
our analysis.

In our benchmark parametrization we set w = 30, δ = 6/5, β = 1/5, φ = 1/5, η = 1/5,
µ = 1/100, γ = 1/4, ξ = 0, α = 1/2, πt = p = 4/5, θ = 1, κ = 1/1000.14 We have chosen
a subset of our parameters with the objective of stabilizing population in the long run, i.e.
limh→∞ nt = 1. For what concerns initial conditions, we have chosen to start with h0 = 1/2,
P0 = 1000 and X0 = 800.

4.1 Policy intervention

We start by considering the possible dynamic effects of the two policy parameters of our
model, τ and σ.

4.1.1 Environmental regulation

We first focus on the role of environmental regulation. From Section 3.2, we already know
that a higher τ decreases the opportunity cost of having children, thus encouraging fertility.
In order to assess the dynamic implication of pollution controls, we compare the simulated
time paths of ht, Pt and Xt under two alternative scenarios: in the first one (that we take as

13The derivation of Equation (12) is presented in Appendix B, where it becomes clear why some parameters
(such as θ) do not influence growth in the long run.

14By setting ξ = 0, we deal away with consumption-generated pollution. This is not of primary impor-
tance, as we want to focus on the effect of environmental taxes hitting production. Introducing consumption
taxes, and making environmental quality depend on consumption has only quantitative implications.
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Figure 1: Pollution control: simulated time paths for τ = 0 (solid) and τ = 1/5 (dashed)

a benchmark) we set τ = 0 and σ = 0, while in the second one we introduce environmental
taxation, by setting τ = 1/5.

Let us start by focusing on the benchmark simulation, as described by the solid lines
in Figure 1. We can observe that, as our parametrization satisfies Assumption 1, human
capital converges to a positive growth rate in the long run. Moreover, population growth
vanishes to zero on the BGP. Finally, as far as environmental quality is concerned, we
have selected a parameter configuration compatible with a kind of environmental Kuznets
curve.15 Our notion of environmental quality, as summarized by Equation 6 (with η ∈ (0, 1)),
implies that the state of the environment tends to deteriorate, in the absence of maintenance
activities. This is what happens in the first few periods. As the economy grows sufficiently
rich, however, demographic pressure weakens and agents devote an increasing quantity of
resources to environmental care. Under the chosen parametrization, this translates into an
improving quality of the environment.

If we introduce pollution controls (under the form of production taxes), we see that it
hampers human capital accumulation and increases, in each period, population size. As far
as the aggregate impact of τ on the environment is concerned, it depends on three distinct
effects. On the one hand, by hindering human capital formation, τ decreases economic
activity, which is in itself a potential source of pollution. It also directly reduces production
and its impact on the environment, as implied by Equations 6 and 4. On the other hand,
however, a higher τ makes parent more inclined to invest in the quantity (rather than quality)
of their offspring, thus increasing the demographic pressure on the environment. In our

15As a sample of the literature concerned with the EKC, see for instance Dinda (2004) or Kijima et al.
(2010). The specificity of our analysis consists in relating the non-monotonic evolution of the environment
to demographic dynamics.
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Figure 2: Educational subsidies: simulated time paths for σ = 0 (solid) and σ = 1/5 (dashed)

numerical example, this negative effect prevails - as can be seen from the third panel of Figure
1. This illustrates the possible dynamic consequences of the perverse effect of environmental
policy, which have been also highlighted – although in a different framework – by de la Croix
and Gosseries (2011).

4.1.2 Educational subsidies

We now turn to the analysis of the dynamic consequences of subsidies. Figure 2 contrasts the
benchmark (τ = 0, σ = 0) with the case in which σ = 1/5 (and τ = 0). The results are not
surprising, in light of Section 3.2: subsidizing education bends the quality-quantity trade-off
towards education, so that growth is faster along the balanced growth path, and population
stabilizes at a smaller size. Overall, the chosen parametrization shows a beneficial effect of
subsidies on environmental quality, which tends to amplify when the economy gets richer.16

These findings seem to suggest that educational subsidies may be used as an effective
environmental policy. In particular, if the objective of the policy-maker is to reduce demo-
graphic pressure on natural resources, subsidizing education may be a viable alternative to
controversial policies like taxing birth, even in the presence of a polluting effect of human
capital-driven growth.17 Such normative implication highlights the importance of consider-
ing endogenous fertility: in the presence of a quality-quantity tradeoff, subsidizing human

16Figure 2 suggests, however that such beneficial effect is of limited size (and smaller, in modulus, than
the impact of τ depicted in Figure 1. In fact, the increased output due to faster human capital accumulation
almost offsets the alleviation of demographic pressure.

17As pointed out before, several papers suggest that family planning should be part of climate policies
(for instance, Harford, 1998; Shou, 2002; or Gerlagh et al., 2018).
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capital accumulation would still bring about more environmental degradation through faster
growth, but at the same time alleviates the demographic pressure on the environment through
reduced fertility (with the latter effect prevailing, in our example).

4.2 Endogenous life expectancy: poverty traps

In our past research (Mariani et al., 2010), we highlighted the possibility of environmental
poverty traps related to endogenous life expectancy. In particular, we showed that if life
expectancy (and, more in general, health) depends on environmental quality and/or human
capital, multiple equilibria may arise and economies characterized by different initial condi-
tions may converge either to a good equilibrium (characterized by high life expectancy, high
human capital and good environmental quality) or to a worse one (with short life expectancy,
modest levels of development and a very deteriorated environment).

In what follows we see how things change if, different to our previous study, we introduce
endogenous fertility. In the same fashion as Mariani et al. (2010), we now make the survival
probability depend on human capital and the state of the environment. In particular,

πt =

{
π if Xt + χht < J

π if Xt + χht ≥ J
, (14)

where χ, J > 0. The survival probability is introduced as a binary variable for analytical
simplicity, and in order to ensure comparability with Mariani et al. (2010).18 Equation
(14) also allows for some substitutability (accounted for by χ) between human capital and
environmental quality as determinants of longevity. There is in fact ample empirical evidence
that a healthy environment is key to having a long life expectancy (among others, Pope,
2000; Pope et al., 2004; and Evans and Smith, 2005). As far as the role of human capital is
concerned, its theoretical importance has been highlighted by Blackburn and Cipriani (2002)
and de la Croix and Licandro (2013, 2015) among others, while its empirical relevance has
been assessed by several studies, such as Lleras-Muney (2005).19

In our numerical simulation, the new parameters introduced in Equation (14) are set to
the following values: π = 1/2, π = 4/5 and J = 600. The value of χ, as well as initial
conditions, will be chosen so as to illustrate different types of poverty traps.

18Moreover, this kind of step function captures the idea that a substantial improvement in life expectancy
can be achieved only if environmental quality reaches some minimal level. A step function is, in a sense, an
extreme case of a convex–concave relationship, which is a rather appropriate description of the cumulative
effects of environmental degradation on human health.

19Apart from income-related effects, human capital might translate into higher life expectancy because
better educated people have access to more accurate information about health and are less inclined to take
up health-threatening behaviors.
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4.2.1 Environmentally induced poverty traps

We start by considering environmentally induced poverty traps. To do so, we deal away
with human capital as a determinant of longevity by setting χ = 0. Since life expectancy
depends on environmental quality only, two economies that differ only with respect to the
initial state of their environment may be driven to different equilibria. This non-ergodic
behavior is related to πt being a key determinant of the optimal choices (namely fertility and
maintenance) that govern the time evolution of the economic system.

Figure 3 describes two otherwise identical economies, which start from different levels of
environmental quality (X0 = 550 and X0 = 1300, respectively) that place them on the two
sides of the threshold J , so that the two economies are initially characterized by different
survival probabilities. We can see that, as πt does not affect parental investment in edu-
cation, the trajectory of ht is the same for both economies. The two economies, however,
display a divergent behavior in terms of population and environmental quality. In particular,
the economy that starts from better initial conditions manages to keep the state of its envi-
ronment always above the threshold J , even after an initial decrease. This implies that this
“luckier” economy can sustain a larger population in the long run, and also experience an
improvement in environmental conditions, driven by the larger investments in maintenance
related to a longer life expectancy.

A similar situation is depicted in Figure 4. The only difference, with respect to Figure
3, is that now the “worse” economy starts from X0 = 900 (rather than X0 = 550). This
means that, for some periods, it behaves exactly as the “better” one in terms of human
capital, population and survival probability. Path dependency, however, implies that its
environmental quality keeps lagging behind that of the other economy, and eventually falls
below the threshold J . At this point, life expectancy drops in the economy with worse initial
conditions, and the two economies diverge.20

4.2.2 Human capital related poverty traps

We now want to put the spotlight on divergence as determined by differential initial levels
of development (rather than environmental quality).

To do so, we reactivate the channel through which human capital affects life expectancy
and set χ = 120. In Figure 5, we present the simulated time paths of two economies that
start from the same level of environmental quality (X0 = 300), but differ in their initial
human capital (h0 = 1/5 and h0 = 4/3, respectively).

Here we can notice that the initially less developed economy remains stuck in a poverty
trap defined by slower human capital accumulation, shorter life expectancy, declining pop-
ulation and diminishing environmental quality. The other economy starts off with a higher
human capital: at the beginning this is not enough to raise the survival probability, and just
translates into a faster demographic decline (since more educated parents prefer quality to

20The possibility of pollution-driven mortality resurgence is highlighted by McMichael et al. (2004) among
others, and is usually exemplified by the trajectories of several ex-USSR republics – see for instance Feachem
(1994) and Jedrychowski (1995).
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Figure 3: Multiple equilibria: simulated time paths when X0 = 1300 (solid, green) and
X0 = 550 (dashed, red)

quantity of children), without allowing the richer country to do better than the poorer one in
terms of pollution. Eventually, however, the richer economy reaches a level of human capital
that brings about an increase in life expectancy: at that point the demographic and envi-
ronmental trends are reversed, with both population and environmental quality that start
increasing, thus generating a divergent trajectory with respect to the other economy.

This case is interesting since, different from Figure 4, the survival probability is shown
to increase over time – because of the beneficial effect of human capital accumulation, which
more than compensates the impact of a deteriorating environment on longevity.

4.2.3 Escaping the trap

One may wonder, at this stage, under which circumstances an economy starting from un-
favorable initial conditions can avoid being stuck in a poverty trap, and which role can be
played by policy intervention.

Without presenting additional simulations, we can briefly discuss a few channels through
which an initially-trapped economy may ultimately converge to the equilibrium characterized
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Figure 4: Multiple equilibria: simulated time paths when X0 = 1300 (solid, green) and
X0 = 900 (dashed, red)

by a longer life-expectancy, a higher level of economic development, and possibly a better
environmental quality. Technically, this would be possible through (i) a permanent reduction
of the threshold value of J in Equation 14 (so that the economy finds itself automatically
out of the trap), or (ii) an enhanced dynamic evolution of environmental quality and/or
human capital. The first mechanism, as suggested by Mariani et al. (2010) may correspond
to exogenous improvements in medicine and/or technological transfers in the fields of health
and environmental care. Perhaps more interestingly, the policy instruments τ and σ may
also be used in order to sort an economy out of the trap. In particular, a sufficiently large
increase in σ, and possibly a reduction in τ may drive the economy towards the superior
equilibrium, by pushing parents to invest more in education, rather than in the quantity of
their children. These policy measure would significantly alleviate the demographic pressure
on the environment, and stimulate human capital accumulation that can in turn stimulate
environmental maintenance.21

The above mechanisms, however, may work in the opposite direction. Even temporary

21Growth can, however, also bring about more pollution. Here, we stay consistent with the findings of
our dynamic simulations, according to which human capital has a net beneficial effect.
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Figure 5: Multiple equilibria: simulated time paths when h0 = 1/5 (solid, green) and h0 =
4/3 (dashed, red)

shocks (such as natural disasters or episodes of acute environmental stress and pollution)
may be sufficient to throw an economy back into a poverty trap.22 The same applies to
policy intervention. In particular, the possible perverse effects of environmental taxes may
even be deeper and very long-lasting, if an economy is at risk of being pulled back into a
trap.

4.2.4 The role of endogenous fertility

Overall, considering endogenous fertility helps us to improve our understanding of the dy-
namic challenges implied by the management of environmental quality. In fact, introducing
a quality-quantity trade-off into the framework proposed by Mariani et al. (2010) allows
us to deal with population as a dynamic variable, and better understand the interplay be-
tween demographic and environmental variables along the growth process of the economy.
By doing so, we have been able – for instance – to draw new policy implications and gauge
the trade-offs associated with normative intervention (as explained in Section 4.1). Our dy-

22See Mariani et al. (2010) for a more detailed analysis.
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namic analysis also reveals that a better initial environmental quality allows the economy to
sustain a larger population, thus making the demographic constraint less binding. Finally,
the dynamic simulations developed in Section 4.2 suggest that, in the presence of multiple
equilibria, the “superior” steady state is not necessarily associated with a smaller population
– an interesting results that depends on endogenous fertility and education choices.

5 Conclusions

In this paper, we have presented a growth model in which education, fertility, environmental
quality and life expectancy can all be endogenously determined. Such model provides a
general framework of analysis, which can encompasses both original features and some results
already known in the literature. In particular, we put together two key elements often
studied separately in the literature: the two-way causality between life expectancy and the
environment, and the link between fertility decisions and environmental quality.

In particular, our model highlights (i) the potentially perverse effect of environmental
policies, (ii) the role of demographic dynamics in explaining (at least partially) the envi-
ronmental Kuznets curve, (iii) the opportunity of using educational subsidies as an effective
policy tool to alleviate the pressure on natural resources, and (iv) the possibility of poverty
traps related to human capital and environmental quality.
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A Derivation of optimal choices, as in Equations (8),

(9) and (10)

After replacing (2) and (3) into the utility function (1), we can solve the optimization program
by relying on the following Lagrangian:

L = ln[(1− τ)(1−φnt)wht− ct +mt + (1− σ)ntet] + πtα[ln(δ(θ+ et)
βh1−βt ) + γ lnmt]. (15)

We then have to solve the system composed by the following first-order conditions:

∂L
∂mt

= 0 ⇔ 1

(1− τ)(1− φnt)wht − ct +mt + (1− σ)ntet
=
γπt
mt

, (16)
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∂L
∂et

= 0 ⇔ (1− σ)nt
(1− τ)(1− φnt)wht − ct +mt + (1− σ)ntet

=
αβπt

(θ + et)
, (17)

∂L
∂nt

= 0 ⇔ (1− τ)φwht + (1− σ)et
(1− τ)(1− φnt)wht − ct +mt + (1− σ)ntet

=
απt
nt

. (18)

Solving the system, we obtain

et =
β(1− τ)φwht − (1− σ)θ

(1− σ)(1− β)
, (19)

and we can see that we have an interior solution for education (i.e. et > 0), only if

ht >
(1− σ)θ

β(1− τ)φw
.

Otherwise, we are in a corner solution, with agents choosing not to invest in education
(et = 0).

In the lower part of Equations (8), (9) and (10), we report the optimal choices associated
to an interior solution for et, which can be immediately obtain from the first-order conditions
specified above. In the case of corner solution, we must replace et = 0 in the agents’ budget
constraint, and re-optimize with respect to nt and mt only. The implied solution are reported
in the upper part of Equations (8), (9) and (10).

B Derivation of the long-run growth rate of human

capital

The rate of growth of human capital gh is obtained as

gh =
ht+1 − ht

ht
= δ

[
β

1− β

(
φ(1− τ)w

(1− σ)
+
θ

ht

)]β
− 1. (20)

In the long run, we have that ht →∞ and therefore θ/ht → 0. It follows that

g?h = δ

(
βφ(1− τ)w

(1− β)(1− σ)

)β
− 1. (21)
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