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Abstract:

We study the consequences of a binding constraint on the level of public
expenditures directed at sustaining an environmental resource, which enters
as a public input (alongside capitai}into the economy-wide production func-
tion. As expected, the long run stock of that resource is reduced: however,
we also find that the long run capital stock is reduced in a larger proportion
Also, the capital-environmental resource ratio becomes sensitive 1o changes
in the rate of interest.

1. Introduction

Environmental resources are crucial regenerating assets of any economy®; they are
normally involved in the most serious intertemporal misallocation problems in both
industrialized and developing countries. One standard presentation is the so called prob-
lem of the control of pollution® where the output coming from a given production
process raises the rate of depletion of a renewable resource, having a direct impact on the
welfare {consumption) of economic agents. This effect competes against expenditures
on “clean-up” activities that are usually financed by the public sector due to the common
property nature of the resource in question, Thus, this paradigm-example emphasizes
two crucial dimensions in the controf of these resources: the level of production inducing
a reduction of the stock vis-d: pis the (level or) rate of expenditures and other activities
that help at regenerating resources. This allows some speculation on the relationship
between growth and environmental resources; in particular, it is accepted that the iatter
are in danger of being misused in contexts characterized by fast growth and very low
efforts directed at controlling resources, Perhaps a too direct extension of this reasoning
to most Latin American countries couid lead some to believe that we should ot worry
toe much about environmentai hazards given the stagnation and de-industriaiization
process that has taken place during the ejghties: only a modest policing on the evolution
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of those resources would be enough to guarani¢e the absence of overuse; later in the
future, when growth resumes, we could calibrate this policy according to the situation.

There are, however, good reasons to be skeptical about the previous argument (see
Dasgupta (1982, pp. 169)). Among the possible lines of qualification, in this paper we
have chosen to stress the role of public expenditures in the maintenance of a sustainable
rate of use of environmental resources. We are led to this view given the fiscal nature of
the adjustment process of most Latin American economies 10 the debt crises, which
involves a drastic across the board reduction of public sector activities. Under severe
fiscal constraints the economy may be “spending” too little in the maintenance of
resources inducing a too fast use of them even in 2 stagnated economy; more generally,
a binding fiscal constraint may have important allocative implications.

We address these issues in a simple model specified, for our purposes, with some
different features from the one mentioned above. First, we see environmental resoutces
as public inputs affecting (alongside capital) production (instead of consumption)®. In
turn, we maintain the fact that the level of output reduces the available stock of en-
vironmental resources over time and that this can be attenuated by some public spend-
ing directed at the regeneration of the stock. We first address the nature of the stationary
solution of the model deriving the rules for optimal allocation and some dynamics. Then,
we proceed to examine a regime where public spending meets a constraint and the eco-
nomy has to adjust to this situation. We are able to obtain results concerning the way
both capital and the environmental resource long run stocks are affected by this constraint,
more precisely we show that both long run stocks are reduced to accommodate a lower
output level compatible with the sustainability of the environmental resource; moreover,
the steady state capital-environmental resource ratio decreases. In addition, changes in
the rate of interest are no longer neutral concerning that long run ratio.

2.  Environmental Resources and Public Inputs

We start with a simple model of an economy which seeks the maximization of the
present value of utility U(C), where C is consumption. All variables are defined in per-
capita terms and, to simplify computations, we further assume that the population is
not growing. We will consider time as a continuous variable and, for simplicity, all time
subscripts will be suppressed. Time separability of U(s) allows us to write

57 uC)et dt »
0

The economy operates with a production function

Y =F(K,S) »

where K is capital and S the stock of a renewable resource®. This resource is used in the
production process but its rate of depletion is, in turn, affected by the level of output.
We can think of § as an environmental resource like a river, lake, 2 forest or the at-
mosphere, Thus, we have that S evolves in time atcording to
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S=-3.FK,S) + G
3

&'e (0,1) is a constant,
we take the aggregate

where § = dS/dt (all time derivati
S ¢ detivatives are denoted b
and G is the level of public expenditure directed at U\m.ﬂr M_.MMHW

macro-identity

Y=C+E+G
4

The i
problem is then formally to maximize (1) subject to (3) and (4)°. The optimal

plan is obtained from the following Hamiltonian

H=UC).e™ + A, [FK.S) ~ C — G] + A, [-6.F(KS) + G]

which gives the standard conditions ®
U(C)e™ —x, =0

A Fs —Ap.8.Fg=_4, o

Ay Fg —2,8.Fg =4, iy

A+ A =0 o

&)

where F; = 9F/38 =
s /88 and Fy = 3F/aK®. From expression (6) we obtain the time derivative

A = (U + U7 Cet

10)
where [’ =3 ;U7 = A
. U/aC>0; U” = 3% U/aC? <. Taking into account (8) and (9) we have
—A1 =7 (1 - §)Fg
- (11)
Substituting (10) into (11) and arranging terms we get
€ = [(1 - 8)Fg —rlfy
| (12)
where v is the absolute degree of aversion to consumption varjability —U”/(J)"
Le i |
t us first characterize the steady state soiution. From (12) we have
r=(1-8).K
. 13)
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" of capital, K and 8.

F*g =F*s

Both marginal 1
his result is valid even outs e
WMEEMM&?W?EQ of continuous mnc:.nwﬁmm ﬁhﬂwﬂumﬂwwﬂammwvo
i i enditure is to a 1is pre .
v Ea BHMUW MW%%MW w Cobb Douglas %memomaon. mon.wm_m.vl
that ﬁwmmpamwmrg S should evolve in a complementary way, 1.e. 1

observe’.

we further obtain
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al=pK . 10
Th ith (16) we can study the dynami¢ process of the model forming a sys
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steady state and substituting into (8) we obtain .
Az =(Fg — .U (Cre™/8.Fg
Using this expression we can write (M as

it = . —1)f8.F (21
T,@ -8 Py - c.c.@a.mx@ Fge™t = re®.U(C) (Fg — 1)f8.Fy

and solving this expression we obtain
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_.Hmumn|m.—uw mwww
The presence of a constraint in the level of public spending in the resource has
implications for the optimal ryle that determines the stocks K and §. A reduction in G
below (19) means that the product has to adjust downwards, so that
8.FK5)=G (23)

Is satisfied. Differentiating (22 - (23) with Tespect to the constraint G and to the rate of
interest r we obtain:

dK/dG >0 d8/dG >0 d(K/S)/dG >0t {24)
dK/dr <0 dS/dr >0 d(K/S){dr <0

Both K and § have to be reduced to achieve the lower output level G/, but the re-
duction of capital K must be higher than that of the environmental resource S; in other
words, the fiscal constraint indyces a lower capital-environmental resource ratio, even in
a case where the assumed technology (Cobb-Douglas) dictated before a wnique K/S
ratio equal to ofB (see expression (16)). Furthermore, the second part of (24) shows the
non neutrality of the rate of interest to this ratio; in particular the long-run comple.
mentarity between K and § for all rates of interest is no longer valid: an increase in r
still reduces the optimal K but now increases the optimal stock of the environmental
resource,

The fact that the K/S ratio is lower with G < G* implies that Fy, > Fgand so expres-
sion (15) no longer holds®; thus the optimal rule (22) cannot be expressed as (13),
Rather, the evaluation of the optimal K and S should now take into account expression
(23), which fixes the level of output,

4. Concluding Remarks

The main formal result of this paper, stated in the previous section, is that the
presence of a binding constraint on the level of public expenditures directed at sustain.
ing an environmental resource has noticeable implications in the allocation of both
capital and that resource, First, binding fiscal restrictions tend, as expected, to reduce
the long run stock of the environmental asset, Less obviously, the stock of capital in the
long run js also reduced, in a larger proportion, implying a lower long run capital-envi-
ronmental asset ratio, Finally, an increase in the rate of interest has a negative impact
upon that steady state ratio.

These effects may 80 in the same direction in the case of highly indebted Latin
American economies; rationing in international credit markets and very high domestic
interest rates have gone together with a hard fiscal constraint, due to the high propor-
tion of the external debt held by governments. This implies that, according to our
previous results, these economies will be facing a lower capitalfenvironmental resource
ratio than in the absence of those constraints. In other terms, the presumption derived
from our analysis is that if “initial conditions” of actual economies show that capital
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i i to a depletion of environmental resources,
t public expenditures may not only lead [ L resol
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Appendix

it wi i i 17)-(18) exhibits a saddle
i f ali, it will be shown that the differential system (17)- ;
ESMMM“MOM E_» neighborhood of the steady state. The determinant of the Jacobian
matrix is

Al

det (J)=(1-8)[Fxx + fFgs/el (ofa +6) }

In the particular case of the production function F =K%P this expression becomes
det(5) = Bojer + B) (1-8) K1 S8 (a + 5 - 1) (A.2)

which is negative under our assumption & + 3 <I.

Therefore, we have a saddle point and, moreover, it can be shown that the path
siopes upwards. This result is obtained computing

(1-8)[Fgk + BFgglalin: >0

where i1, is the negative cigenvalue associated 8. the Yacobian matrix.
Figure 1 depicts the main dynamics properties of our system.

FIGURE 1
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Given the initial levels Ko and S, private consumption and government expenditure
are accommodated to reach the path at A through instantaneous changes in K and §.

Notice also the interesting features of a trajectory that moves the economy from B
to E. This could be the case of an optimal accumulation process with fixed time and
capital end values. Recall that on the optimal path K/S = a/f and assume that K, is too
low compared to 8y to meet that condition —as would be the case of a typical LDC,
Therefore, the optimal solution will involve an initial reduction of § by increasing C and
lowering G but, from that moment on, § will be growing at the same rate as K. How-
ever, this program will fail if a constraint on G is exogenously imposed and, sooner or
later, K will have to be reduced accordingly.

Regarding cur second model (with G = G), its dynamics are much more difficult

to study since we have lost equation (15). From equations (3), (4), (6), (7) and (8) the
following system of equations can be constructed:

6, = (t—Fgoy + Fyo,
g, = —Fgo, +(r + &§Fg)a,,
K = FKS)-wo,)-0C,
$§ = -SF(X.S)+G,

where g; is the current value of A; and w(g, ) is the inverse of u'(c) = e™th,.

Assume t = 0 (the traditional Ramsey problem);

then it can be shown that the ejgen-
values of the Jacobian matrix are:

My =Fg, py =—8Fg, 1y =g =0

Recalling that from the necessary conditions A,mﬂ the steady state): Fix = 5Fg, we
get iy = —it3. This is the Samuelson-Kurz result (see Kurz (1968)).

When there is discounting we can show that negative as welt as positive roots exist.
The characteristic equation is:

H(o)= o* - 2ro® - (§FgFk — r* — rw'Fgg/Fg)o® —~

- Almmumm.,mn + _.mumh.ﬂ.i.\. Wmﬂv o — ma-_..muu—hmumm -
- (Fg + Fg)Fyg + FgFgg =0,

and it can be seen that H(0) < 0 and H > 0 when g ~ Therefore, at least & negative
a positive root exist. Following Levhari and Liviatan (1972), if 0j is a root also is r - oy,
and consequently, all roots are real numbers. Notice also that the trace of the J acobian
matrix is 2r > 0. To summarize, global asymptotic stability does not exist, we do not

have complex roots (oscillatory trajectories) and it is possible to converge to the steady
state since at least a negative root will be present.

Notes:

2 For a clear up to date exposition of the economics of environmental resources, se Mahler (1989).

See Dasgupta (1982, ch.8), Of course this is only one among the many dimensions of the control
of environmental resources, as lucidly presented in that book.
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3 wWe do not deny the importance of a “pollution like” effect in actual situations; rather, we are
aware of reports that suggest that the most immediate environmental hazards, in some stagnated
Latin American economies, may come from deteriorated living conditions of low-income groups
(see, for example, CEPAL (1990)). Still, we prefer to concentrate in this, to our knowledge,
less studied case. Even so, incorporating that effect would not change too much our point alth-
ough it complicates the formal analysis,

4 If all varizbles except S were defined in per-capita terms; the form of F(#) in (2) wouid be
equivalent to assuming that the production function is characterized by constant returns to
scale in capitat and labour only (the “primary™ inputs). The introduction of S means that, by
Euler's theorem, since the economy product is nx__e.,sﬂou after payments to labour and capital
are made, “Lindahl pricing” (ic. a set of user charges for §) is unfeasible as a way to finance S
(see Feehan {1989)). Nevertheless, we do not make explicit the public finance (ie. distorionary
taxation) problem behind the model.

s From this formulation, it is clear that we are abstracting from dynamic fiscal policy considera-
tions by not allowing the government to jssne debt instruments, Nevertheless, in this section,
we assume that G can be financed, at any level, period by period with current taxes; in the next
section we add a further constraint to this scheme s0 G will be exogenously given. A similar
analysis, replacing traditional government iso-perimetric by instantaneous constraints is used
by Chisari and Fanelli (1990} to discuss optimal growth trajectories in fiscally constrained
regimes.

6 In addition, we have the transversality conditions

—mgn.lvs 7- K= —maﬂlwsyw S=0

7 In the appendix, we futher assume that & + B < 1in ordet to have a dynamically stable model,
In terms of the assumption discussed in footnote 4, F would be homogeneous of degree 1 +fin
all factors of production.

For our case, we have that

Fg ~08.Fg=1 can be writen as

ak®! 565 FKEKBL =1 and

taking N?».mu._ as common factor, multiplying both sides by K.S and using F = G/8 we obtain
(@K - 8.(8/8) =1.8/G
Thus an increase in G must be accommodated with an increase in K/8.
% For our Cobb-Douglas case, we have
F/Fg=a.8/BK> a.S*B.K*=F*g/F*s=1.
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Abstract;

This paper presents a dynamic model of a rural household that is economicall

dependent on the exploitation of a renewable natural resource. A .ﬁm&.&
feature of .Sm model s that resource utilization decisions are w.aumq.m&_,m& with
consumption and Eolo.b, is shown that the existence of an income effect in
m&\w:w.nm stock and price changes is important to understand household
ehavior, .mm%:xnm. usage, for example, can decline as a result of a larger
resource stock. It is also shown that under binding subsistence constraints
E.«naox. of the rural sector not only negatively affects rural household
econoic welfare, but also environmental resources.
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