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Abstraci

We introduce a growth model with environmental assets a5 3 source of wtility and an input t consumption and
production. In this model we develop the Green Golden Rule, @ generalization of the golden rule of neoclassical
growth theory. We apply this 1o the case where the object is the musimization of long-run or linuting uiliy rather
than long-run consumption,
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1. Introduction

The two key factors common to most definitions of ‘sustainable growth’ are respect for
resource limitations and emphasis on equity among generations. Both elements have been
analyzed previously: see the Bariloche model (Herrera et al., 1978), Chichilnisky (1977} and
Heal (1993) (and references contained therein) for the impartance of resource constraints and
Ramsey (1928). Solow (1974), the Brundiand Report (WCED, 1987), Chichilnisky (1993)
and Heal (1993) (and references contained therein) for intergenerational equity. So the issues
raised by sustainability are not new, but there seems, nevertheless, 1o be dissatisfaction with
the earlier answers, probably mainly in the area of equity,

This lterature on intergenerational equity is largely built around the discounted utilitarian
approach to defining an optimal path, and many authors have expressed reservations about
the balance that strikes between present and future, see Heal (1985, 1993). Discounted
utilitarianism has proven particularly controversial with non-economists concerned with
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envirommental valualions: for example Cline {1992) has argued for the use of a zero discount
rate in the context of plobal warming. So part of our concern about the future is not caplured
by discounted wilitarianism. It is this that is driving an interest in formalizing the coneept of
sustamability. An axiomatic approach to sustainability, and a comprehensive review of
alternative approaches, can be found in Chichilnisky [1993).

In this paper we introduce and analyze the "Green Golden Rule’ (GGR), an extension 1o
the environmental field of the Meade-Phelps—Robinson concept of the Golden Rule of
Economic Growth, A connection with sustainability should not be surprising, Phelps {1961)
described the golden rule as the growih path that gives the highest indefinitely maintainable
level of consumption per head. Clearly, there is an implicit concept of sustainability here: the
Golden Rule path is the best sustainable path, Our GGR gives the highest indefinitely
maintaimable level of instantancous wtility, in a framework where environmental goods are
valued in their own righis.

The paper is organized as follows: in Section 2 we consider a general model of growth with
physical capital and a stock of environmental resource. In Section 3 we derive the GGR from
the maximization of long-run utility; in Section 4 we characterize the general model with
specilic lunctions (log-linear utility and a logistic reproduction function for the stock of natural
resource) in order to provide an example. Section 3 offers some concluding comments,

1. A model of growth with envirenment

The economic model with which we work 15 an extension of Dasgupta and Heal (1974). We
assume that the resource is a source of utility, which is given by the strictly concave function
w(C,, 4,) defined on consumption  and on the stock of an environmental pood A .

Production occurs according to the linear homogeneouws production function FIK,, A,) where

K, 15 the stock of produced capital at time 1. Capital accumulation is described by

K, =F(K,A)-C,. (1

We also assume thal A can renew itself: the rate of renewal 1s given by the function R(A),
satisfying R(0) = (1. However, the act of consuming output may deplete the environment, so
that the net rate of change of the stock of the environment is

A= O+t RA), a=0D. (2}

We assume thal the renewal Tunction /& is bounded above, may exhibit a threshold effect and
may be decreasing above a certain level of 4.

Y. The Green Golden Rule
In considering the case in which society is only concerned with the long-run values of

consumpton and environment, we seck a path maximizing lim __u(C,. A,). The solution s
characterized in the following proposition.
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Proposition 1. There exist values {A*. K*, C*), characterized by gt = =R such thai
!L";l {A,.K,Cl={A" K", C"}

is @ necessary and sufficient condition for a feasible path { A, K., CIVt to be a solution of the
problem ‘maximize lim, _ w(C,, A,) over all feasible paifis’.

Proaf. As indefinitely maintainable values of € and A4 satisfy R{A) = C, this means that the
problem

max im(C, A}, over feasible paths

reduces 1o
max u{C, A), subject to R(A)=C . (3)

The stock of capital is not a concern in this situation because any stock of capital can be
accumulated given a sulficiently long period of time. The set of {C, A} pairs satisfving the
constraint in (3) is compact. 50 this problem is well-defined. The maximum is characterized by
the first-order condition:

_-‘-=_R*. (4]

This completes the proof. [

The solution given in the proposition amounts o equality between the marginal rate of
transformation and the marginal rate of substitution between consumplion and environment
across steady states. We term the configuration defined by (4) the *Green Golden Rule’, in
reference 1w its relationship 1o the original Meade—Phelps—Robinson ‘Golden Rule of
Economic Growth’. While the latter characterizes the greatest indefinitely maintainable
comsumption level, the former (4) characterizes the highest indefinitely maintainable wtility
level. It is a generalization of the carlier concept, and has points in common with Brock's
{1977 'Polluted Golden Age’, although he models a pollution siock rather than an
cnvironmental asset.

It is interesting fo nole that the GGR is the desired long-run combiguration of the economy
when the ubjective is the maximization of any purely finitcly additive measure Sl(C,, A0,
where f may be equal 1o lim_.. lim,_.inf_,, or long-run average lim,, lim, .
LM EZ0 " w(C,. A,). Chichilnisky (1993) has proposed a eriterion for ranking utility
streamns, which places weight on the long-run properties of the sequence as well as on (15
Properties over finite horizons, She derives this from representing the ranking of intertemparal
wlility sequences as a sooal choice problem, and shows that, given nom-dictatorship and
conlinuity axioms, wtility sequences are ranked by [u(C. A ) du + Fl( T, AY), where w s
countably additive and [ is purely finitely additive. Similar considerations arise in game
theory, where players are concerned with the long-run vutcome of the game; see, for example,
Drutta (1991).
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4. A specific example

We consider here an example that ignores capital, as including the latier would not change
the salution tn maximization of long-run utility, but would significantly complicate the solution
to the discounred utilitarian criternion. The utilitarian optimization problem i3

l.'

max‘[ (InC, +yInAje ;

subject o the dynamic equation:

- rd?
A=-C+rA ——7,

A

and to initial conditions. In the logistic reproduction function, A" is the carrying capacity of
the environment; A*/2 is the stock corresponding to the maximum sustainable yield (MSY).
The steady state of the stock of the resource implied by the necessary conditions is (see
Beltratti ct al.. 1994, for a more thorough analysis):

A(yr =5+ 1)

L
S r+yr

The relationship between such a solution and the one providing the MSY is seen more easily
when v =0 {no direct utility of the environment), in which case the stead}- -state level of the
environment in the discounted utilitarian case is clearly lower than A 512, corresponding 1o the
MSY. When y =0 (in fact when y =28/r) one can have an optimal smck of resource cven
larger than A*(2 due to the direct effect on utility. We can characterize the GGR by
maximizing instantancous ulility to obtain

'iz) _2(A%2) + pA”

GOk _ a5) 1
A A(?-Iy 2+

This is, in general, larger than the value at the utilitarian stationary solution, being:

§A°
H24¢)
although the two stationary states converge as the discount rate is reduced to zero. The
solution can be interpreted as a weighted average berween A’ the level that maximizes the
direct effect of the stock on utility, keeping consumption uonsmm and A®/2, the leve! that
maximizes CU!.'IL'LIII'LpllLII'I..

AI'.I e 4E:liﬂ i

5, Conclusions

The paper has analyzed & model in which wiility is provided both by consumption and by a
stock of environmental resource, and where the former depletes the latter, The solution 1 the
discounted wrilitarian criterion has shown the importance of the rate of time preference in
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discriminating against future generations, while the solution 10 the problem of maximizing
long-run utility has pointed out the existence of the Green Golden Rule, an extension of
Fhelps' golden rule. In connecting such a solution 1o the concept of sustainability, it has been
observed that the stock that maximizes utility in the long run is larger than the one
corresponding 1o the maximum sustainable yield.

An important task for future research lies in the analysis of criteria thal combine
maximization of discounted utility with elements related with the long run. Such criteria are
developed by Chichilnisky (1993), and a first exploration of their use in various models with
physical capital and environmental resources is contained in Beltrami en al. (1994).
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