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1. Introduction

In the 1970s, “The limits to growth” report alerted the general audience on the
(in)feasibility of long-run growth. The report notably points out that economic de-
velopment relies on natural resources, some of which being finite and non-renewable.
The pessimistic Malthusian point of view exposed in the report has since been chal-
lenged by neoclassical economists who have highlighted the role of increasing returns
to scale, technological progress and substitution between natural capital and man-
made capital (Dasgupta and Heal, 1974, 1979; Solow, 1974; Stiglitz, 1974). Still, while
they have shown that it is possible to experiment an infinite growth in a finite world,
this is far from being guaranteed and the question of resource exhaustion is still a
question of major interest.

Another major concern that has been developed during the last decades is linked
with public indebtedness. Indeed, the last decades have been marked by an increase in
public debt-to-GDP ratios. In the Furozone, the Maastricht treaty imposes a public
debt-to-GDP ratio lower than 60% of GDP. This stabilization level has been largely
exceeded by many developed economies in the last decades, and the COVID19 crisis
is generating a huge increase of public debt-to-GDP ratios. The impact of public
debt on growth has been largely studied in the literature. There exist numerous
theoretical papers that document a negative relationship between public debt and
growth (Diamond, 1965; Blanchard, 1985; Barro, 1990; Saint-Paul, 1992). The famous
paper by Reinhart and Rogoff (2010) documents a threshold effects and argues that a
stabilization ratio of public debt larger than 90% of GDP is associated with significant
decreases in the rate of growth.! To summarize, it is widely accepted that high levels
of public indebtedness are associated with lower economic performances in the long

run.

"'While this paper is subject to controversy due to a shortcoming in the methodology (see Herndon

et al., 2014), this type of results strongly influenced IMF policy recommendation in the last decades.



From these observations, it appears that the economic literature has identified
two potential threats to long run economic development: resource exhaustion and
public indebtedness. Despite the large literature on these topics, the two threats
have never been studied conjointly. This is quite surprisingly since both issues are
linked to agents’ saving behaviors. In a nutshell, it is well known that public debt
may crowd out investment in physical capital, and that physical capital accumulation
is one major way to compensate for resource exhaustion.

In this paper, we propose an OLG model in which firms produce combining labor,
capital, non-renewable resources, and public infrastructures. Public infrastructures
are provided by the government and could be financed by taxes or debt. We consider
however that the government faces public finances stabilization constraints in the
spirit of the Maastricht Treaty. Such a framework allows us to study the impact of
the public debt stabilization ratio on the sustainability of growth in the presence of
a necessary finite input, namely the non-renewable resource.

The paper shows that high public debt stabilization ratios are incompatible with
sustainable growth, because they prevent the existence of a positive balanced growth
path. In addition, it shows that the rate of growth achieved by the market economy is
negatively linked with the size of the stabilization ratio. The underlying mechanisms
are quite simple. As usual, public debt crowds out savings from physical capital
accumulation. More interestingly, public debt also increases the rate of resource ex-
haustion, because it crowds out households investment in the non-renewable resource
stock. More resources are thus used in the production by firms, which threatens
future growth feasibility.

The paper also analyzes the centralized economy where a benevolent social planner
is free to choose the economic path on the ground of its time preference. Intuitively,
the more the social planner cares about future generations, the lower will be the
extraction rate and the larger will be the rate of growth. We then show, as a result of

the monotonic and negative relationship occurring between public debt stabilization



ratio and the economy rate of growth, that there exists one level of public debt
stabilization ratio that allows to decentralize the optimal allocation.

This paper is related to the seminal papers on the feasibility of growth with non-
renewable resources written in the 1970s who have highlighted the importance of
(exogenous) technical progress, increasing returns to scale and substitution between
natural and man-made production factor (Dasgupta and Heal, 1974, 1979; Solow,
1974; Stiglitz, 1974). This literature enjoyed a revival with the development of en-
dogenous growth models. The interested reader can refer to Barbier (1999). One
weakness of these papers is their use of the Infinitely Lived Agents (ILA) framework
which implicitly assume dynastic altruism between agents, not supported by empirical
results (Altonji et al., 1992). Such an assumption makes a sustainable management of
resources more probable since each generation takes care of the following as of itself.
This observation has lead to the work of Agnani et al. (2005) who have addressed this
shortcoming using an OLG framework to analyze the sustainability of growth with a
necessary non-renewable resource. They have shown that economic growth then re-
quires that the labor share in production be sufficiently high to allow a level of savings
(and then capital accumulation) sufficient to compensate for resource depletion. We
add to this literature considering the existence of public productive infrastructures
financed by debt, that could crowd out saving from capital accumulation.

This paper is also related to the literature on public debt. Using an OLG frame-
work, Diamond (1965) shows that debt crowds out capital accumulation and reduces
growth, a result confirmed by Blanchard (1985). The negative impact of public debt
on growth also appears in the endogenous growth framework (Barro, 1990; Saint-Paul,
1992). Futagami et al. (2008) introduce public debt in an endogenous growth model
with productive government spending. They show that financing productive public
expenditures with debt might be growth reducing (enhancing) in developed (devel-
oping) countries. In a close set-up, Minea and Villieu (2013) show that increases in

public debt reduce growth. As in our own, these papers introduce public debt stabi-



lization targets in the size of the economy.? There exist some papers that introduce
the environment in the discussion. Notably, Fodha and Seegmuller (2012) analyze
the implications of an environmental tax under public debt stabilization constraint.
This work has been extended in several ways (Fodha and Seegmuller, 2014; Clootens,
2017; Fodha et al., 2018).> However, these papers analyze the links between debt
and environmental quality and don’t take into account the resource exhaustion issue
in their analysis. The present paper is an attempt to fill this gap. In this aspect,
our paper does not focus on typical issues such as pollution and emissions that are
detrimental to the quality of the environment but rather investigates the problems
related to the exhaustion of non-renewable resources as fossils and minerals in an
economy with debt.*

The remainder of the paper is organized as follows. Section 2 presents the model.
The competitive equilibrium and the balanced growth path are characterized in Sec-
tion 3. Section 4 deals with the stability of the balanced growth path. Section 5
analyses how movements in public debt and public stabilization ratios affect the bal-
anced growth path. Section 6 is devoted to the presentation of the central planner
problem and section 7 presents the decentralization of the optimal allocation. Section

8 concludes.

2They actually differ in the type of target. In Futagami et al. (2008), the size of the economy
is captured with private capital while it is captured with GDP in Minea and Villieu (2013). This

slight change explain the differences in their results.
3There also exist some empirical works on the relationship between public debt and the environ-

ment. See for example Carratu et al. (2019).
4This is the reason why we decide to not consider an explicit demand for environmental quality.

Nevertheless, we do not deny that emissions are often a byproduct of resource use that may affect
the utility of households, but this is beyond the purpose of our analysis. Clootens (2021) analyses
the effects of flow emissions in an OLG economy with non-renewable resources where emissions are

a byproduct of resource use and extraction.



2. The Model

The model is in essence that of Diamond (1965) in which public expenditures in
infrastructures a¢ la Barro (1990) and non-renewable resources are introduced. For
the sake of simplicity, the size of population has been normalized to one and a no
demographical growth assumption is used. Lowercase letters represent per worker

variables.

2.1. The Resource

A grandfathering economy is considered here. Thus, the economy is endowed with
a finite quantity m_; of a non-renewable resource which is held by the first generation
of agents. At each date ¢, old agents sell their resource endowments m;_; to the new
generation of agents and to firms at a price p;. A quantity x; is used in the production.

Thus the rate of resource use is given by

Ty

(1)

qr =
my—q

The law of motion of the resource stock is thus
my = (1 - Qt)mtfl (2)

Since the resource is finite and non-renewable, the initial stock imposes a limit on

total quantities that can be extracted

+o0 t
1> a [0 -g) (3)

j:
This condition establishes that we cannot extract more resources than the quantity
available at the beginning of the time horizon. This implies that the sequence of the

extraction rates is subject to some restrictions.

2.2. The Consumers

In each period of time, the economy is composed of two generations of finite lived

agents. An agent born in period ¢ maximizes the following inter-temporal log-utility



function

1
u(cs; diyr) = In(ey) + 1+ In(dy41) (4)

where c¢ represents the consumption while young, d the consumption while old, and
p is the individual rate of time preferences. In its first period of life, the agent works
and earns a wage w. This wage is used to consume c¢, to save s in capital or in public
bonds yielding a real interest rate r, to buy property rights on the resource stock m
at a price p, and to pay lump-sum taxes 7. In his/her second period of life, the agent
uses his/her savings (both in capital, public bonds and in resources) to consume.
Thus, normalizing to one the price of the output, his/her budget constraints when

young and old are respectively

Wy — Ty = ¢ + S + Py (5)

dir1 = (1 + 7441) 8¢ + Dy (6)

The intertemporal budget constraint is then

dt+1 Py
1 + Ttr1 1 + Tt

Wy = ¢ + + Dy + 7 (7)

Maximization of (4) subject to (7) leads to the following first order conditions

digr 147

(8)

Ct ]. + p

P41

—= =147 (9)
bt

(8) is the standard Euler equation establishing that the marginal rate of substitution
between the two consumptions has to be equal to their relative price. (9) represents
the Hotelling rule. It is a non-arbitrary condition between the two types of savings
which sets that the resource price has to increase at the interest rate. It means that
our agents are indifferent between the three types of assets: resources, public bonds,

and capital.



2.8. The Firms

The production sector of this economy is composed of an infinite set of competitive
firms which produce the consumption and investment good Y by combining capital K,
resources X, labor L and public infrastructures G. Capital and public infrastructures
fully depreciate over a period. A represents the technical level and grows at an

exogenous rate a. The production function of the representative firm is
Y, = A K} L{X}GY

with a4+ +v =1 and 6 > 0. Notice that our production function differs from Barro
(1990) one where A; is constant, v = 0 and § = 1 — «. While in Barro (1990) the
main growth engine rest upon constant returns in aggregate capital at the social level,
in our case, by contrast, perpetual growth will be mainly the fruit of the exogenous
technological progress and resource preservation.

It follows that real aggregate profits II are given by
I, = A KCLPXYGY — (re + 1)Ky — wi Ly — pi Xy (10)
Since production in per worker terms is
e = Ak g (11)

where lower case letters denote per capita variables. We will assume through the paper
that the contribution of public spending to production is lower than the share of labor
in total income i.e. # < (. If this were not the case, the technology would display
constant or increasing returns in capital and resources. The first order conditions of

the maximization problem of firms can be written in the following way

re = Ak el g? — 1 (12)
Py = VAtkfxt”_lgf (13)
w, = BAKE 2 gf (14)



where we assume full depreciation of capital. Notice that conditions (12)-(14) simply
claim that production factor are remunerated at their marginal productivity. In
addition, it is immediate to verify that public spending increases all the marginal

productivities.

2.4. The Government

The government has the responsibility to provide a public good g (in the form of

public infrastructures) using debt b or taxes 7. Its budgetary constraint is thus
bey1 = (1 +7e41)bs — 7t + g (15)

We assume that the government faces public finances stabilization rules in the spirit
of the Maastricht Treaty which imposes to Eurozone countries a public debt no larger
than 60% of GDP. We thus suppose that the public debt-to-capital ratio is a constant
B In the same spirit, we assume that public expenditures are kept constant as
a share of national capital. We denote this constant G. The choice of focusing
simultaneously on two fiscal instruments implies that taxes are endogenously given

in a way that balances the government budgetary constraint.

3. Intertemporal Equilibrium and Balanced Growth Path

Using the following market clearing condition
5t = ki1 + b (16)

and equations (1), (2), (5), (6), (8), (9), (12), (13), (14), (15), an intertemporal

hit1
I

equilibrium may be found. We denote pp 41 = the growth factor between t
and t + 1 of any variable h. The next proposition characterizes the intertemporal

equilibrium of the decentralized economy.

°Tt will be demonstrated later (Proposition 2) that GDP and the capital stock increase at the
same rate along the BGP. Thus, along the BGP, the public debt-to-GDP ratio is also constant.



Proposition 1. An intertemporal equilibrium is defined by the following equations:

iy Bar = v(1 = a)(2+ p) = aBu; +6 {qt(l—%l)rl G

1+ —B| = 14+a a qe\t —4i-1) &

Mk, t4+1 { 2+ p ] a(g 4 p)qt ( )ﬂk,t - 71
(17)

v—1
M+l a8 {qt(l — qtl)]

= (1+a AN Uil 24 18
Triog) PO (18)

qt
together with the initial conditions q_;, qo, and gy and the usual transversality

condition that rules out any explosive dynamics.
Proof. Proof is reported in Appendix A. n

(17) represents the dynamics of the accumulation of wealth by households. More
precisely, it explains how households allocate their savings between resources, public
bonds, and capital. (18) represents the dynamics of assets prices in the economy.
The present paper is interested in the balanced growth path because it consti-
tutes the only case where a non-declining consumption path may be sustained in the
presence of necessary non-renewable resources as pointed out by Agnani et al. (2005).
Due to the presence of public debt and public expenditures, we will use the following

assumption that ensures the existence of a balanced growth path.

Assumption 1. The debt-to-capital ratio satisfies —% <B< B/a.

This assumption is not restrictive. Indeed, standard parameter calibration implies
that the debt-to-capital ratio should be lower than 2, which is a threshold rarely
achieved. In addition, our paper is interested in positive levels of debt stabilization
as it is the case for most developed countries. However, our results are fully consistent

even for negative public debt stabilization ratios although bounded away from below.%

6Notice that the lower bound is a sufficient condition (not necessary) that ensures that all results
given in the paper hold. In any case this bound is low enough to be empirically plausible for almost

all countries.
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In the present paper, we focus on the balanced growth path, ¢.e. paths charac-
terized by constant growth factors. We can thus introduce the following proposition

and show the existence of a unique balanced growth path.

Proposition 2. Under Assumption 1, the balanced growth path exists, is unique,

and is defined by the following equations

1 v
M:My:uk:MC:Md:MSZMb:MQZMw://LT:<]_—|—G/)170479(1—q)170¢79

Mx:,umzl_q

=10 =1 fp = (14 a)=em9(1 — g) 0!
L

pr =1

pa=1+a

and ¢ solving the following non-linear equation

(1 +a) =73 (1 — q) =577 [(2 + p) + (1 + p) Blg + aGyg
Bq— (2+ p)v(1 —q) — aBq
= (1 +a)=(1— gy = H(g) (19)

F(g) =

Proof. Proof is reported in Appendix B O

The balanced growth path could represents either a growing or a decreasing economy.
In the present paper, we are interested in the sustainability of positive growth defined

as follows:”
Definition 1. A balanced growth path is sustainable if u > 1.

Proposition 2 has important implications in terms of sustainability. Indeed, a

balanced growth path is the only path compatible with a non-declining consumption

"It can be noticed that we use here a concept of weak sustainability which follows naturally from

the use of the Cobb-Douglas production function that we consider.
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(Agnani et al., 2005). High public debt-to-capital stabilization ratios, preventing the

existence of a balanced growth path, thus prevent any sustainable growth possibility.

According to Definition 1 and taking into account Proposition 2, a sustainable
balanced growth path requires

2+ p

—1
. <¢<l-(1+a)~
f—aB+(2+pv

(2+p)v
B—aB+(2+p)v

to hold for low level of public debt-to-capital stabilization ratios. Thus, a high level

Thus, the economy is contracting if 1 — (1 4 a)%l < which is less likely
of public debt is associated with an unsustainable use of resources.

Since our economy can display long-run positive as well as negative balanced
growth, some restrictions on the structural as well as policy parameters are necessary
in order to guarantee a sustainable balanced growth path. The following proposition

explains such a point.

Proposition 3. If g > B > LB+ @2+ pv— %}, the economy is charac-

terized by an unsustainable balanced growth path.

—1 v » v
Proof. 1—(1+a)7<5_a%+%<:>3>é[ﬁ—i—(Q—i—p)l/—% ]

Proposition 3 shows that there exists an intermediary level of debt-to-capital which
is compatible with a balanced growth path, but which is (environmentally) unsus-
tainable. Public debt thus appears as a threat to sustainable development.

Figure 1 summarizes the previous findings. Depending on the level of the public
debt-to-capital ratio, the economy could experience no balanced growth, negative
balanced growth, or positive balanced growth. Only the last case could be defined as

sustainable.
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Possibly Sustainable BGP Unsustainable BGP no BGP (unsustainable)

~
»
>
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1+p - B+Q+pw — —_
a

1
I-(l+a) ¥

Figure 1: The growth experience is debt-to-capital dependent

For low level of public debt-to-capital, the economy experiences sustainable growth.
Above a certain threshold , the growth becomes negative, but is still balanced. Then,
if the debt-to-capital becomes very large, the existence of balanced growth is no longer
possible, which disable the sustainability of development. Interestingly, no such con-
ditions are found in the model once the resource dimension is removed. In the latter
case, the rate of growth is simply (1 + &)ﬁ. 8 In table 1, we propose to calibrate
the model to obtain values for both thresholds. Two calibrations are thus performed.
Calibration 1 captures standard developed economies features, while calibration 2 is
more consistent for emerging or developing countries. For high income economies,
the two thresholds are very close, so the likelihood to be trapped in the unsustain-
able BGP is very low. Interestingly, the spread between the two thresholds increases
when the resource share increases, which is consistent for emerging and developing
economies. It makes the occurrence of unsustainable balanced growth more likely. °
This little exercise illustrate the importance of considering the resource dimension in

studies that deal with public debt sustainability. It paves the way for future research

analyzing the sustainability of a given country’s debt.

8While this observation could be attributed to our modeling framework, it nevertheless proves

the importance of the natural resource dimension in the debt-growth nexus.
9 Anecdotally, depending on the labor share importance relative to the capital share, both thresh-

olds may increase or decrease.
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Calibration 1  Calibration 2

0.3 0.2
3 0.65 0.5
v 0.05 0.3
B/a 2.16667 2.5
LB (24 py— 2.16664 1.55875

1—(14a)" %

p =0.016 and a = 0.028 (annual rates)

Table 1: Threshold Values

4. Local Stability

This section is devoted to the analysis of local stability of the dynamic system
defined by equations (17) and (18). Defining z; = ¢;—1, the system may be re-written

as follows

(

; v—1 ~
14p B | Ba—v(1—q)(2+p)—aBg: a+6 [ a(1—q—1) é
Hk,t+1 [1 2+/€B} B [ : a(q2+p)qf q] (1 +a)ui; [q (It—qi 1 ] 2+p

Bk, t+1 46 | ge(1—gi—1) vl
i+ — « t —qt—1
T (1-g,) (14 a)uicy [ G }

\ Zi+1 =

Linearizing this system around the BGP, we get

dftg 41 gt
th+1 =J dg:
dzi41 dz
where
A B C
J=| G=DA H-E-DB I-DC
F F F
0 1 0
and

14



_ (a+0)[Bg—aBq—v(2+p)(1—q)]

. Fe__&
qo(2+p)(1—q) [1+7B;fpp)] (1-9)q
B #[(V*U[ﬁQ*QBQ*V(2+p)({fq)]+u(2+p)] G = att
a(2+p)(1—q) 14+ 22 1=
(v—1)[Bg—aBg—v(2+p)(1—q) (v—1)
O — _M = H — H
q?a(2+4p)(1—q)? [lJrB(%j;p)] (I—q)q
_ 1 _ (v—=1)p
D= 1—q I= (1—9)%q
__p
b= q(1—q)?

The stability features of the above Jacobian J depend on the associated eigen-
values. To this end, notice that our dynamic system includes two predeterminated
variables, z and p, and one forward looking, q. It follows that the equilibrium will
be determinate if and only if the number of the stable roots is lower than three. The

eigenvalues represent the solutions of the following third order characteristic polyno-

mial
AP(A) =0
where
2 _ DB+F—-H - DB+F—-H DC -1 B G- DA
P(\) =\ [A (F A—A e +( =5 B(=——

It is immediate to verify that one root of the polynomial is always equal to 0. In order
to characterize the remaining two roots, we may analyze the second order polynomial P(\).
Notice that limy_, o P(X) = limy_,_o P(X) = 400, that P()) is continuous, and that
its domain of definition is a connected set. In order to fully characterize the third root, let

us evaluate the polynomial P(A) at A = —1,0 and 1. We obtain the following expressions :

P = an (P (B () - ()
PO =-4(5") + (PF) -5 (%)

Py =1y (PBEECIY (PO (PCD) g (9)




The first useful piece of information consists in evaluating P(\) at A = 1. To this end,
let us observe that the local unicity of the stationary solution implies that P(1) # 0. In
addition, consider the following standard calibration for the model : a = 0.028 (annual
rate), p = 0.016 (annual rate), a = 0.3, 8 = 0.65, v = 0.05 and 6 = 0.2. We assume that
G and B are respectively 0.01 and 0.6. It follows that ¢ ~ 0.61 and p ~ 3.61. Under such
calibration, we find P(1) < 0. This is sufficient to claim that one root is larger than one.

In order to characterize the third root, let us start by evaluating the sign of P(0).
Straightforward also tedious computations allow to verify that this sign is equal to the sign

of

(a+0+v—-—1)T+(1—-v)+
where A
Bq—aBg—v(2+p)(1—q)
qa(2+p)(1 —q) [1 + Eé%ﬂ

By exploiting the dynamic equations (17) and (18) evaluated at the steady state, one

T >0

obtains the following relationship

A~

e
M@+pﬂ1+égﬂ

It follows that the sign of P(0) is given by the sign of

F=1+

~

G v(a+0)
2+ p) 14+ BEE|  qa |1+ B

(a+0)+(a+0+v—1)

Since 0 < £ and in view of assumption 1, and considering that ¢ is increasing in G and
w is decreasing in G as it will be demonstrated in the next section, we have that the above
expression is monotonically decreasing in G. In particular, it is positive up to a given G
not too large, that we denote GO and that is such that P(0) = 0. Then, for G> @0, P(0)
becomes negative. It follows that for G < G, the third root will be included in 10; 1] and
the steady state will thus be locally determinate. One may wonder, by contrast, where
the third root is located when G > G°: in fact, if we know it is negative, we cannot still

precise if it is included in |—1; 0] or if it is lower than —1. In order to verify such a feature,

16



let us evaluate the polynomial at A = —1. As a matter of fact, if P(—1) > 0, then, the
third root will be included in |—1;0[, otherwise, it will be lover than —1. Proceeding as
we have done in the study of P(0), it is possible to show that there exists a G' > GO such
that P(—1) = 0, P(=1) > 0 for G < G' and P(—1) < 0 for G > G'. By combining all
these pictures of information, we obtain that the third root belongs to [0;1[ for G <@
and to |—1;0[ for Ge ]@0; G! [ and is lower than -1 for G > G! . In addition, for G = G,
the third root will be equal to -1. Accordingly, in a neighborhood of G! there will emerge
a two periods limit cycle bifurcating from the steady state. In the case of a supercritical
flip bifurcation, there will appear a stable limit cycle near the unstable fixed point; were
the bifurcation subcritical, conversely, the stable fixed point would be surrounded by an
unstable limit cycle. As a consequence, along the bifurcation, the equilibrium will be always

over-determinate. All these results are summarized in the following proposition.

Proposition 4. The Jacobian J of our dynamic system possesses an eigenvalue equal to
zero and an eigenvalue larger than one. In addition, there exist GO and @1, GO < Gl, such

that:

i. when G < G° then the third root is included in ]0; 1[ and the equilibrium is determi-
nate
ii. when G € }G’O; Gt [ then the third root is included in |—1;0[ and the equilibrium is
determinate
iii. when G > G! then the third root is lower than -1 and the equilibrium is over-

determinate

In addition, at G = G the steady-state undergoes a flip bifurcation. Accordingly, in the
neighborhood of G!, there will emerge a limit cycle near the steady state whose stability

will depend upon the direction of the bifurcation.

In any case, several and robust simulations suggest that the occurrence of a negative
third root requires a calibration for G very above all empirically plausible values. It follows
that the standard configuration of the steady state corresponds to the saddle path one and

therefore determinacy prevails.
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5. The Impact of Public Finances Stabilization Ratios on Growth

This section analyses how movements of public debt-to-capital and public expenditures-
to-capital ratio affects the rate of growth of the economy using comparative statics.!? In the
following propositions, we prove that an increase in the public expenditures stabilization

ratio or in the public debt stabilization ratio is growth detrimental.

Proposition 5. An increase of the public expenditures stabilization ratio increases the

extraction rate and decreases the rate of growth.
Proof. Proof is reported in Appendix C. O

This effect is quite intuitive. When the weight of public expenditures in the economy
increases, it implies an increase in taxes and reduces the disposable income of households.
They consume less but they also save less in both capital and resources. The rate of
resource extraction increases which in turn affects negatively the rate of growth. More
capital is needed in the long run to compensate for resource depletion but in the same time

less capital is offered by households.

Proposition 6. An increase of the public debt stabilization ratio increases the extraction

rate and decreases the rate of growth.
Proof. Proof is reported in Appendix D. O

In the long run, an increase in B imposes a higher level of taxes which depresses growth
as explained before. In addition, an increase in the level of debt-to-capital stabilization ratio
implies a larger crowding out effect of public debt on other assets (capital and resources)
since a larger share of household savings is devoted to public bonds. Capital accumulation

is reduced and resource use increases.

10We focus on the case where public debt (as a share of capital) is sufficiently low i.e. B < B.
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6. The Central Planner’s Problem

This section is devoted to the study of the social planner program. We assume that
the social planner faces the same expenditure stabilization rule than the one we imposed
previously to the market economy. Formally, it means that the public expenditures-to-
capital ratio should be stabilized at a level G. This assumption has two advantages. i) It
allows to see how the optimal rate of growth is affected by a change in the ratio of public
expenditures-to-capital, i.e. in change in budgetary treaties; ) It will also allow us to find
an instrument (the public debt-to-capital stabilization ratio) that is able to decentralize the
optimal equilibrium for each level of public expenditures stabilization ratio. Let’s assume
that the social planner discounts time at a rate 1. As a consequence, it solves the following

Ramsey problem:

1 > 1 1
max = —1In(dy) + ——— |In(¢) + In(d 20
{ct;de;me;ke } 32 1+p ( 0) ; (1 +T/’)t+1 [ ( t> 1+p ( t+1) ( )
subject to:

e+ di+ ke 4+ (G — 1)k = AGORH 27 (21)

At+1 = (1 + CL)At (22)

my =mMmg—1 — Tt (23)

m-1 = Z qtmi—1 (24)

t=0
kO, m-—i, 7A0 >0 (25)

where (21) is the resource constraint of the economy, (22) is the law of technical progress,
(23) is the low of motion of the resource stock, (24) is a total exhaustibility condition for
the resources while (25) represents initial endowments. The first order condition of the

planner’s program may be reduced to the following system:
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1+4¢  d¢

= 2
1+4+p ct (26)
dit1 A0 .0t6—1 v A
(1+ P)Cit =(a+0) A Gk 2, +1-G (27)
A lka—i-ﬂxu—l A - .
gt = (4 A G 41 )
¢ Ty
. 1\ ke
e )

where (26) and (27) are, respectively, the intergenerational and intragenerational optimality

conditions, (28) characterizes the optimal inter-temporal resources allocation and (29) is the

transversality condition.

Combining equations (21)-(28), the dynamics of the economy is defined by the following

System:
+6  v—1 ~
1+ a)ud 0T oy = Q¥ ahipittaria =1+ G (30)
kt+1 z,t+1 (1 + a)ﬂgi—ﬂﬂggl — 14+ G
v— Yet+1
(U ot = O+ O == (31)
C?
+6  v—1 A
1+ - (L +a)upiiibgy —1+G
1+ —- G—-1= : : 32
%¢[ +1+p]+ﬂk,t+1+ Py (32)

where v.+ = ¢;/k;. Evaluating the system at the BGP and using the definition of the

extraction rate ¢ = x4/my_1, one can define the balanced growth path of this Ramsey

econony.

Proposition 7. The optimal balanced growth path is defined by the following growth

- - - - - 1 ~ v
My:MkZMC:Md:M: (1—’—@)1—&—0(1_(])1_@_9

rates:
ﬂoc —ﬂm =1 —(j
pa=1+a
where
~_
7= 14%-
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Proof. Proof is reported in Appendix E. O

The optimal extraction rate is completely determined by the social rate of time pref-
erence. We can see here that the stabilization rule for public expenditures doesn’t affect
optimal extraction and growth, which are solely determined by the exogenous rate of tech-
nological progress, the social rate of time preference and factor elasticities in the production
function. The Ramsey economy is thus a kind of cake-eating problem where the speed of
resource exhaustion depends on a trade-off between different generations’ welfare. It thus
appears that the optimal rate of growth depends also on such a trade-off. When ¢ is low,
the rate of resource use is low so that the resource stock is preserved for future generations
and long-run growth is enhanced. In opposition, when ¢ is large, the rate of resource use

is large so that the resource stock exhaustion goes faster depressing future growth.

7. Decentralization of the Optimal Allocation

Comparing the growth rates that appear in Propositions 2 and 7, it is immediate that the
decentralization of the optimal allocation requires to put the market equilibrium extraction
rate at the optimal level. This can be done using the public debt-to-capital stabilization
level. Indeed, this ratio affects the rate of resource extraction as highlighted in Proposition
5. We thus propose to find the level of public debt-to-capital ratio such that ¢ = ¢. Using
equation (19), it can be inferred that the optimal level of debt-to-capital ratio fy’ should

satisfy

a(L+a) 77 (1= T2 4 p) + (1+ ) Bl + oG _ 1

A = (14 a) T (1 = @)
Bq— 2+ p)v(l—q) —aBq

where ¢ =1 /(1 4 ). It is straightforward to demonstrate that this condition imposes

~Bi— 2+ pv(l—q) — 2+ p)ag — Gag
- gL+ (1L+p)(1— )] (33)

bd)l

Therefore, we have the following proposition.

Proposition 8. The optimal allocation may be decentralized with a public debt-to-capital

ratio B.
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From equation (33), it immediately appears that a higher level of public expenditures-
to-capital ratio imposes a lower level of debt. The reason is quite simple. The optimal
extraction rate is exclusively defined by the social rate of time preference. However, the
market equilibrium extraction rate is endogenously determined and G and B are key pa-
rameters in its determination as highlighted by Propositions 5 and 6. Since increases in each
of these two parameters increase the extraction rate, it is not surprising that an increase
of the (exogenous) level of public expenditures-to-capital ratio reduces the optimal level of

public debt-to-capital ratio.

8. Conclusion

Environmental issues are ones of the main cores of economic agenda. The faith in a
lasting capital accumulation process and in a never-ending increase in GDP, consumption
and investment is more and more questioned on the ground of an environment characterized
by its limited amount of resources not all of them perfectly renewable. This seems apparently
to put an upper bound on the increase of what Adam Smith referred as to the “wealth of
the nations”. Another highly questioned issue in recent literature is the impact of public
debt on growth. Indeed, it is often thought that savings devoted to finance public debt is
crowded out from productive capital accumulation. However, public expenditures allowed
by the emission of public debt may be growth enhancing since they can endow the economy
with productive infrastructures (Barro, 1990). In addition, public debt can be seen as a
speculative bubble able to restore dynamic efficiency in economies characterized by capital
over-accumulation (Tirole, 1985).

In this paper we have focused on such issues by studying an OLG model with sta-
tionary population and Cobb-Douglas preferences in which individuals accumulate physical
capital, a non-renewable resource, and government liabilities. The government fiscal policy
consists in targeting the public debt-to-capital ratio and the public expenditures-to-capital
ratio, where public spending is assumed to contribute to production although in an unin-
tended way. As a consequence, in order to respect public budget constraint, taxation is
endogenously adjusted in response to the evolution of aggregate variables. Within such a

framework, we have studied the impact of the fiscal rules on the balanced growth path.
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More in details, we have proved that a higher public debt stabilization ratio and/or a larger
public spending stabilization ratio is growth detrimental, since it compels agents to reallo-
cate their savings from physical capital and the stock of natural resources to debt and this
in turn accelerates the extraction rate at the cost of reducing the long run sustainability of
the system.

In a further section of the paper we have carried out a detailed analysis of the centralized
economy where a benevolent social planner is free to choose the economic path on the ground
of its time preference and subject uniquely on the public expenditures stabilization target.
The main result we obtain is that the stationary growth rate increases as soon as the social
planner cares more and more about future generations and therefore tries to avoid a too
much fast exploitation of the non-renewable resource which may be detrimental for the
future economy size. In addition, we show that the optimal balanced growth path can be
opportunely decentralized by calibrating the fiscal instruments, as the public debt ratio;
this is the immediate consequence of the monotonic and negative relationship occurring
between public debt stabilization ratio and the economy rate of growth.

Since the rate of growth chosen by the social planner is increasing in his degree of pa-
tience, we find that the optimal public debt stabilization ratio will be lower in economies
run by less shortsighted rulers. Therefore, in some circumstances, larger public debts could
be welfare-improving. Of course, such results hold within our economy characterized by
short-lived agents, Cobb-Douglas preferences and the absence of increasing returns to scale
sufficient to generate unbounded growth (with the necessary requirement of exogenous tech-
nological progress). By removing each of these hypotheses, one could improve the analysis
in terms of the role of the fiscal policy on growth, of the equilibrium (in)determinacy and
of the extraction rate of non-renewable resources. In addition, the polluting features of
non-renewable resources could also be considered by introducing environmental quality in

the utility function. We leave such purposes for future research.

Appendix A. Proof of Proposition 1

Combining (9) and (12), we get

Pt+1 a—1_v 0
o = adp1ky T4
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Taking the ratio of this equation evaluated in ¢t + 1 and in ¢, and using equation (13), we
obtain equation (18).
Combining equations (5) and (6) together with the market clearing condition for capital

and bonds (16) and the Euler equation (8), it is immediate that

(24 p)(ktg1 + bey1) = we — 7 — (24 p)perme

Using the government budget constraint (15), it gives

2+ pkey1 + (1 + p)ber = we — (1 +71441)bt — gt — (2 + p)per

Since the government stabilizes its debt-to-capital at B and its expenditures to GDP ratio

at G and substituting wy, p; and .41 by their expressions, it follows that we obtain

v(2+p)(1 - )

— aB| AkPzVGOk? — Gy
at

(2+ p)key1 + (1+ p)Bhypy = |8 —

Dividing both sides by k¢, and noticing than A;kfxy Gekf = pt/{%, we obtain equation
(17).
Appendix B. Proof of Proposition 2

Along the BGP, all variables grow at a constant rate.

e The extraction rate should be constant at the BGP. Thus, equation (2) implies p,, =

l—¢q
e From equation (1), we obtain u; = i,
® ug=14+a
e The Hotelling rule (9) implies p, = 1 4 ri4q

e A BGP requires a constant interest rate because the resource price’s rate of growth

is constant so p, =1

e We assume constant GDP ratios of public expenditures and public indebtness. Thus

Hg = Ko = Hy
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The production function at the BGP gives p, = (1 + a)ugug,ug
Equation (14) gives ftyy = fiy

The Euler Equation (8) along the BGP gives . = pq

The government budget constraint (15) implies pir = pp = fiy
Evaluating the budgetary constraint at the BGP leads to pq = py

Evaluating (16) at the BGP gives uss; = pg(kir1 + bi1). Since sp = kyy1 + b1 we
have Hs = Kk

Evaluating (18) along the BGP, we obtain {£ = (1 + a),uZ‘J“g(l —q)V~!. Thus we

have

w =1+ a)(l-q)”

1 v
e = (14 Q) T=7 (1 = ) 0

Evaluating (17) at the BGP, we obtain

1+p 4 v(1—q)(2+p) — Bg+agB -t 1 G
Hk<1+2+pB>+< aq(2+p) >(1+a)”’“ L0 =515
ml2+p)+ (1 +p)Bl+G _ Bg—v(l—q)(2+p) —agB

2+p aq(2 + p) l—gq

aqui((2+p) + L+ p)B] + agG _
Bq—v(1—q)(2+p) —agB 1—q

Replacing py by its value, we get:

aq(l+a) T (1 - q) 72+ p) + (1L +p)B) 4+ agC
Bg—v(l =q)(2+p) —aqB
= (1+a) == (1 - q) ="' = H(g)

F(q) =

and q is the solution of this non-linear equation.

H(q) is a positive, increasing and convex function defined on [0; 1[ admitting a vertical
asymptote for ¢ = 1. Depending on the size of the public debt stabilization ratio,

F(g) may be positive or negative.
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Since the numerator of F'(q) is always positive under assumption 1, the sign of the

denominator determines the sign of the function.

For (2+p)v < (B—aB+ (24 p)v)q, F(q) is positive and admits a vertical asymptote

(2+p)v
B—aB+(2+p)v

exists a unique ¢* such that equation (19) is satisfied. Thus, if B < B, there exists

. Since lim,_, 5+ F'(q) = +o0 and lim, 1 F'(q) = ng@ > 0, it

ing=qg=

a unique balanced growth path. Moreover, if the last condition holds, F'(¢) < 0 and
F’(q) > 0.
Appendix C. Proof of Proposition 5
The rate of growth of the economy is defined as
p=(+a)T (1

The rate of technological progress is considered as exogenous. In opposition, the rate of

resource extraction is affected by changes in G. Indeed, while H(q) is not affected by

OF(q)
8G

changes in G, > (. Graphically:
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Figure C.2: Effects of an increase in G on the extraction rate

Appendix D. Proof of Proposition 6

The rate of growth of the economy is defined as

v

= (14 a)T=o=0 (1 — g)T=o=0

The rate of technological progress is considered as exogenous. By contrast, the rate of

resource extraction is affected by changes in B. Indeed, while H(q) is not affected by

OF(q)
oB

changes in B, > 0. Graphically:
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Figure D.3: Effects of an increase in G on the extraction rate

Appendix E. Proof of Proposition 7

e Evaluating equation (30) at the BGP, we obtain fi, = (1+a)i{ "’ fi%. Then, it follows
that i, = (1 + a) =m0 jI-a?

e Taking the ratio of (32) in ¢t and t — 1 we get

1 A ~

Vet [1 + %ﬂ + pkt+1 +G—1 B (1+ a)ugjflu;;}rl -1+G
A - 0, v—1 A

et [L+ 2] g+ G =1 (L @O 1+ G

Evaluating this equation at the BGP, it follows that 7. = 7ct—1 which implies

=

e Evaluating (31) at the BGP, one obtains ££ = (1 + ) fi.. It follows that fi, = ﬁ

¥

Since fi, = 1 — ¢, we then have § = %

e Equation (26) at the BGP implies fig = fic.
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