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Abstract

The present paper generalizes the Weitzman/Hartwick approach to national income account

ing. We first establish a close general relation between the current value Hamiltonian of an

optimal control problem and the optimal value of the objective integral if the time argument

does not enter the constraints and enters the objective function only as a discount factor.

This result is applied to a simple economic model covering most models found in the literature

on national income accounting involving pollution and nonrenewable resources. \Ve critically

review the usefulness of net national product as a welfare indicator and as an indicator for

sustainability.



1 Introduction

Much of the current debate in the literature on the question of the suitability of net national

product (N N P) as an indica.tor of social welfare or as an indicator of sustainability goes back

to the seminal work of Hicks (1946), Samuelson (1961) and Weitzman (1976). According to

Hicks an individual's income is "the maximum value which he can consume during a week and

still expect to be as well off at the end of the week as he was in the beginning" (op.cit. p.172).

If this concept is extended and applied to an economy as a whole, income would be a number

representing the amount of welfare which can be enjoyed over a period of time and leave the

economy with the capacity to enjoy that same amount of welfare for the next period of time.

Clearly, the development of the economy over a period of time is then sustainable if income,

in the sense of the definition, is constant over that period of time. To illustrate this issues

in a simple example, let us consider the well-know one sector Solow (1974) model, without

population growth, technical progress and depreciation. Let F be the production function

with capital (K) as input and giving consumption (C) and investments (Ii" = dKjdt) as

output. N N P is then C + k = F(K). Welfare can be identified with consumption. Clearly,

the higher N N P the larger is potential welfare (because !{ is greater). Moreover, if we

compare two economies, both aiming at sustainable development, which is defined in this

context as maximal constant consumption, then the economy with the higher N N P is able

to sustain the higher constant rate of consumption. Hence, N N P is a good measure for

welfare and for sustainability. When multiple capital goods are involved a. natural extension

of N N P would include the total value of net investments: N N P := C +]J' i{, with ]J a vector

of prices of capital. The economy would then display sustainability if N N P is constant. This

is reflected in e.g. Hartwick's fule, saying that ';society should invest the current returns
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from the utilization of flows from the stocks of exhaustible resources" (Hartwick (1977),

p.975) in order to have intergenerational equity. This idea is also found in Hartwick (1990,

1991, 1994a, 1994b). Maler (1991, p.12) generalizes Hartwick's rule to the case of renewable

resources. These findings have also had an impact on statistical practice in that attempts

are made to correct conventional N N P in order to have a measure for sustainability. See

e.g. Hueting et al. (1992) or Bartelmus et al. (1991). The latter authors argue that in

the context of national accounting there are "doubts about the usefulness of (conventional)

national account data for the measurement of long-run sustainable growth...." and they

want to develop "modified indicators" (op.cit. p.ll1). These modifications then consist of

correcting conventional N N P for the exploitation of raw material from exhaustible resources

and the value of increases or decreases of environmental quality. In a recent study Bartelmus

(1994, p.70) puts forward that "the long run increase or decrease of EDP can be taken as a

measure of, or a proxy for, a sustainable or non-sustainable path of economic growth". Here

EDP is domestic product, conventionally measured, minus environmental costs. On the other

hand, there are a number of authors that question the capability of (even corrected) N N P

to be a measure of sustainability. In this paper we shall embed the critique of Asheim (1994),

Aaheim and Nyborg (1992) and Pezzey (1994) in a rather general framework.

In terms of social welfare, sustainability is defined as constant instantaneous welfare over

time. However, this might not be something the economy is aiming at. Alternatively, the

economy's objective might be utilitarian in the sense of maximizing the total discounted utility

flow over time, rather than Rawlsian. It was pointed out by Weitzman (1976) in the context of

a neoclassical growth model and after "heroically abstracting" that "the welfare justification

of N N P is just the idea that in theory it is a proxy for the present discounted value offuture

consumption" (op.cit. p.156). We will show that this is also true in a fairly generalized
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setting if N N P is identified with the current value Hamiltonian of the underlying optimization

problem. This Hamiltonian however does not in general coincide with conventional N N P.

That N N P should be corrected for for example the exhaustion of natural resources and the

disutility of pollution. This is done e.g. by Sefton and Weale (1992) and Maler (1991).

So far, most of the work done on N N P as a welfare indicator has focused on stationary

economies. The question arises what corrections should be made when there is technical

progress, varying world market prices for raw materials or varying world market interest

rates. Another issue that will be addressed is N N P as an instrument in cost-benefit analysis.

The question is if the welfare consequences of new projects are adequately measured by the

impact on instantaneous N N P. This use of N N P is advocated by Dasupta and Maler

(1991) when they argue that "choosing projects that increase N N P increase the current-value

Hamiltonian as well and, therefore, should be regaTded desirable" (op.cit. p.63). As another

example, Bartelmus (1994) argues that "National accounts .... are used .. .in the assessment of

the economic counterpart of soci?l welfare" (op.cit. p.34) and should therefore be corrected for

e.g. environmental protection expenditures. Another reference is Chichilnisky (1994) saying

that "If a politician's re-election depends on the measure of national economic growth, and it

often does, green accounting could be helpful in reorienting environmental policy". We also

like to mention Solow (1992). Summarizing, the objective of the present paper is twofold.

First we wish to show that the equality of future welfare and N N P, identified with the

current value Hamiltonian, can easily be established in a general setting, if the economy is

stationary (in the sense that there is no population growth, no exogenously varying prices

etc.). We shall also derive the corrections that must be made in a. non-stationary economy

(Section 2). These results are clarified in an environmental/resource model that is presented

in Section 3. Sections 4 and 5 deal with N N P as a welfare indicator. In Section 4 we go into
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some difficulties that occur when the economy is non-stationary. In Section 5 we argue that

the usefulness of N N P in the conventional setting as an instrument in cost-benefit analysis

along the lines set out by Dasgupta and MaIer is very limited because that works only for

short run evaluation of projects. On the other hand, in this approach the non-stationarity

does not pose a problem. A second objective of this paper is to emphasize, by means of our

general framework, that Asheim and Pezzey are right in their rejection of N N P as a measure

for sustainability. This is done in Section 6. Section 7 concludes. One important caveat

applies. Uncertainty, although pertinent to many, if not all, environmental/resource issues,

is not treated here.
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2 Current value Hauliltollian and social welfare

We investigate the relation between the current value Hamiltonian of an optimal control

problem and the value of the objective functional of the problem. We start from I parameters

denoted by a := (at, a2, ... , all, m instruments denoted by u := (1£t, U2, ... , urn) and n state

variables given by x := (Xt, X2, ••• , x n ). The problem is to find piece-wise continuous u

[0,00) -+ IRrn and piece-wise differentiable x : [0,00) -+ IRn which for all t E [0,00) satisfy

x(t) = I(;r(t), u(t), t; a), ,'t(O) = Xo given

g(x(t), u(t), t; 0') ~ 0

and maximize

00Je-pt Io(a:(t), u(t); o)dt
o

(1)

(2)

(3)

Here (fo, j, g) = (fo, 11,12, ... , In, 9}, 92, ... , 9s) are given functions, obeying certain regularity

conditions, such as continuity casu quo continuous differentiability. See e.g. Cesari (1983) or

Seierstad and Sydsaeter (1987) for a formal treatment of these conditions. We will assume

throughout that all of them are satisfied. Note that (2) comprises of s constraints and that

a is indeed treated as a vector of parameters, which is given for the moment. Note also that

the formulation of the objective (3) is special in the sense that 10 itself is time-independent

and that time only occurs in the form of an exponential function.

One can think of x(t) as the state of the economy at instant of time t, given for example by the

stocks of man-made capita.l, exhaustible resources, human capital, pollution and renewable

resources, and u( t) as the value of the policy instruments at instant of time t. The parameter
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vector a may refer to investment opportunities. The set of differential equations (1) describes

the motion of the economy (x := dx/dt) and (2) involves technological and other constraints.

In the objective function p can be interpreted as the rate of pure time preference at instant

of time t.

The existence of a solution to the problem stated above is by no means trivial. See e.g.

Toman (1985) for existence theorems. Again, we will merely assume here that a solution

exists.

Define the Hamiltonian 1t and the Lagrangean £ in current value terms:

1t(.7:, U, t, A; 0'):= fo(x, 11; 0') + A' f(x, 11, t; 0')

£(x,u,t,A,lt;O'):= 1t(X,u,t,A;O')+ It· g(x,u,t;a)

(4)

(5)

where A := (AI, A2' ... , An), p. := (PI, P2, ... , p.s) and a dot between two vectors denotes the

inner-product.

As necessary conditions for an optimum we have

8£(X,u,t,A,p.;a)/8uj = 0, j = 1,2, ... ,111.

p(t) ~ 0, It(t)· g(;r(t), u(t), t; a) = °

.xi - PAi = -8£(X,u,t,A,p.;0')/8xi, i = 1,2, ... ,11.

(6)

(7)

(8)

These conditions imply that i: = 8£/8t (see also Seierstad and Sydsaeter (1987), p. 277), so

that

. 8f 8g
£ = p(£ - fo) + A' - +p..-

8t 8t

6
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where function arguments have been omitted. However, it should be clear that everything is

evaluated in the optimum. Michel (1982) shows that

(10)

is a necessary condition in the case at hand (with t appearing in the welfare functional. as

e- pt only) if the welfare functional converges.

Then it is straightforward to show that

H(t) = Let) =

00 00

pt] -PSt ( )d pt] -PS[\ 8f(x,1l,s) 8g(:I:,tt,s)]d= e pe )o.'l:, U S - e e /\ . ~'l +P . ~ .s
uS uS

t t

(11)

The first equality in (11) uses (7) and the second equality gives the solution of the differential

equation (9).

In the sequel W(t) is defined as follows

00

W(t) := ept ] pe-Ps fo(:I:, U)d8

t

Thus W(t) give total future welfare from t on, discounted to t. Hence

00

H(t) = W(t) _ ept] e-PS[A. 8f(x, tt, s) +p. 8g(x, u, s)]ds
8s 8s

t

(12)

So, the optimal current value Hamiltonian at time t equals the value of the objective functional

from time t on times the rate of time preference and corrected for non-autonomous parts in

f and g. Much, if not aU, of the literature mentioned in the Introduction is based on this

observation. If the rate of time preference p is allowed to vary over time we get (12) again

be it that ept should be replaced everywhere by the discount factor

7



c
- Jp(-r)d-r

e 0

and p by p(s) in the definition of W right after the integration operator.

With regard to the cost-benefit interpretation of national income the following result is im-

portant. Under some regularity conditions (see e.g. l\falanowski (1984)) the Hamiltonian,

parametrized with respect to the parameters 0., is differentiable and

00

oW(t;o.) Pt! _ps oN(X,U,8,A;0.) I
00. = e e Do. (',8

t

(13)

In the sequel these results will be applied to the discussion on national accounting but first

we shall construct a model that will serve as a concrete example.
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3 A prototype resource/ellvirOllll1ellt lllodel

In order to illustrate our main points we shall employ the model outlined below. Our partic

ular choice is motivated by t.he requirement that it more or less covers the models used in the

literature that addresses the issue of income and welfare, but is at the same time as simple

as possible.

There are three physically distinguishable commodities: an exhaustible natural resource, pol

lution and a so-called composite commodity. The stock of the exhaustible natural resource

owned by the economy at instant of time t is denoted by Set). The stock of pollution is pet),

the stock of the composite commodity (capital) owned by the economy is If(t) and the stock

of the composite commodity 1/sed is K(t).

The rate of exploitation of the resource is E(t). Exploitation is costless. The use of the raw

material in production is R(t). So

Set) = -E(t), Set) ~ 0, E(t) ~ 0

E(t) = R(t) + Xett)

(14)

(15)

where X e is the net exports of the raw material.

The production of the flow of the composite commodity takes place according to a production

function F with the stock of the composite commodity and the raw material as inputs. We

also allow for exogenous technical progress. Output is used for domestic consumption (C),

net exports (Xy ) or for abatement purposes (A).

F(K(t), R(t), t) = C(t) +Xy(t) + A(t)

9
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Pollution is assumed to accumulate proportionally to production. Decay is proportional to

the stock of pollution where the factor of proportionality Jl depends on abatement:

Pet) = <pF(J((t), R(t), t) - Jl(A(t))P(t) (17)

The world market for the raw material is competitive and the price ruling at instant of time t

is pet). The flow of the composite commodity is taken as the numeraire. The internationally

ruling rate of interest is 1'(t) and the capital market is perfect. The accumulation of capital

owned by the economy can now be described as follows:

H(t) = 1'(t)H(t) +p(t)Xe(t) + Xy(t) - 1'(t)]((1)

In order to have a meaningful budget constraint we add

I

- Jr(r)dr

liminf e 0 H(t) ~ 0

t--+OCl

(18)

(19)

which says that in the long run total discounted expenditures should not exceed total dis-

counted income.

The economy's welfare functional is given by

00

U(C,P):= Je-Pt ll(C(t),P(t))dt
o

(20)

where p denotes the rate of time preference and 1l is the instantaneous utility function which

is increasing in C and decreasing in P.

In the sequel we study this model in alternating forms. Cases with "no physical capital" are

mathematically identified with !( == II == 0 and F(O, R) == R. '''Te have "no international

trade" if J( == Hand p == O. The well-known Dasgupta/Heal (1974) model arises when Pis
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absent from the instantaneous utility function and when there is no international trade. The

classical Ramsey model occurs if, in addition, the natural resource plays no role.

If it is assumed that F, It and 1L are well-beha.ved, the model presented here is an optimal

control model of the type described in the previous section. In the terminology of that section,

S, P and H are the state varia.bles, E, R, X e, C, X y , and J( are the policy instruments and,

if we assume, just for expository purposes, that abatement is to be set at a constant level

indefinitely, A is a parameter.

The Hamiltonian reads

1i..(S,P,H,R,Xe ,C,](,)."t;A) = u(C,P)

(21)

We have eliminated E and X y using (15) and (16). Here ).,1,).,2 and ).,3 are the shadow prices

(in terms of utility) of the resource, pollution ().,2 < 0), and man-made capital respectively.

The equivalent of expression (11) is

00

1i..(t) = ept Je-PS{pu(C,P) - ).,2<pFs

t

11
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where Fs is the partial derivative of F with respect to time. In the sequel it will be assumed

that the economy is indeed maximizing welfare as given by (20), either in a planning setting or

as the outcome of a decentralized general equilibrium where the consumers have preferences

which are described as in (20). Net national product (in utility terms) is defined as utility

plus net changes in the value of capital (man-made, non-renewable and pollution). So,

Sometimes we are interested in N N P in money terms. Instantaneous utility can be linearized

as a first order approximation: u(C, P) = 1tcC +upP = A3C +1tpP, because the shadow price

of consumption is equal to marginal utility.
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4 N N P as a welfare lueasure

It is seen from (21), (11) and (12) that if T,P and F are time independent, we have

00

1l(t) = pePt Je-PSu(C,P)ds = W(t)
o

saying that the Hamiltonian at instant of time t is proportional to total future welfare. If

national income (in utility terms) is to reflect welfare, it should therefore include instanta-

neous utility and should be corrected for the decrease of the exhaustible resource, the increase

of pollution and the increase of national non-resource wealth, all of these evaluated at the

optimal shadow prices. If we linearize utility we find

So, as a first approximation the "value" of pollution should be included. For practical pur-

poses the great difficulty is of course to find the "right" shadow prices, especially in the

absence of consensus in the economy on the aggregate social welfare function (particularly

with respect to P in the instantaneous utility function).

In the sequel of this section we shall concentrate on several cases where the motion of the

state variables is non-autonomous.

a. Technical progress.

Aronsson and Lofgren (1992) deal with technical progress in the classical Ramsey model

(no trade, no exhaustible resources, no pollution). They correctly put forward that with

anticipated technical progress (Ft > 0), the current value Hamiltonian underestimates

welfare. This also holds in the ca.se at hand, if there is no pollution (see equation (22)

with P= r =0). In the presence of pollution this positive effect is mitigated by the fact
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that, ceteris paribus, our type of technical progress will enhance production and thereby

pollution (note that A2 < 0). However, the overall impact of technical progress here is

still that conventional national income should be corrected in a positive way, because

A21.{) +A3 > 0 (otherwise production would be set equal to zero).

b. Non-constant world market prices.

The case of varying world market prices of the raw material is analysed by Sefton and Weale

(1992). Their model does not take pollution into account. They assume pip = r = p and

a linear instantaneous utility function. It is shown that for this situation welfare equals

00

N(t) = Wet) - 1'p(t) /(£(s) - R(s))ds .

t

(23)

This result follows from equation (22) by putting Ft = 1~ = 0, P= 1°P and A3 = 1 (since

utility is linear: 1l(C, P) = C). Hence, the Hamiltonian under- or overestimates social

welfare depending on the country being a future net exporter or importer of the raw

materiaL Now, there is a case for the assumption ]ilp = 1'. With perfect competition on

the raw material market and a perfect capital market this is just Hotelling's rule. But

the choice l' = P is more difficult to justify. In a closed Ramsey-type economy marginal

product of capital could be identified with the interest rate and marginal product will

tend to the rate of time preference. But here we are dealing with an open economy, where

there is no reason to make this assumption a priori. Moreover, also the assumption of a

constant interest rate is questionable. It has been shown by van Geldrop and Withagen

(1993) in a similar model as the one employed here that in a general equilibrium setting the

internationally ruling interest rate is decreasing. The idea is simply that if the production

function F displays constant returns to scale, equilibrium prices (1', p) should be on the

factor price frontier, which is downward sloping in (1", p) space; combining this with the
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Hotelling rule yields that r decreases over time. For this more general framework we obtain

00

1t(t) =Wet) - ePt Je-Ps A3[r(H - K) +peE - R)]ds
t

where A3 is the shadow price of capital. Using the fact that ~3 = (p - r)A3 (from equation

(8)) we have for t = 0

t

J
oo - Jr(r)dT

1t(0) = W(0)-A3(0) e 0 r(H - K)dt
o

t

J
oo - f r(r)dr

-A3(0) f: 0 peE - R)dt
o

so that N N P (in utility terms) should be corrected for the net present value of additional

interest revenues on capital exports and additional revenues on exports of the exhaustible

resources. Both these terms can be interpreted as a kind of capital gains due to increasing

prices (however, l' can be decreasing). Hence, the result by Sefton and \-Veale (op.cit.) can

be generalized considerablyl.

c. The pure mining model.

This is a special case in that it is the simplest model with trade in the raw material.

(K == H == 0). Then we have as society's maximization problem

00

maxJe-ptu(p(t)E(t))dt
o

subject to PiP = l' and the resource constraint (14). Hence this economy just exports

its exhaustible resource and uses the revenues to import the consumer commodity. We

consider two different examples. If u(pE) = pE then a necessary condition for the existence

of an interior solution (E(t) > 0, all t) is that p = l' for all t. Then we also have

lWhen revising the present. paver we found out. t.hat. Seft.on and Weale (1994) present a more general model

than their (1992) model described above.
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1i(0) = 0 and W(O) = P0 50 / p

If u(pE) = (pE)l+TJ/(1 + 7]) with 7] < 0, then we have E/E = (p - r(1 + 7]))/7]. Therefore,

a necessary condition for not overdepleting the resource is that p > 1'( 1+7]). Furthermore,

tedious but straightforward calculations yield

00

W(O)= Jpe-PTu(p(r)E(r))dr
o

1i(0) = u(pE) - pEu'(pE)

= ~( 5 )1+'7 (p - 1'(1 + 17))1+1
1

1 + Po 0
7] -7]

implying 1i(0) = [p - r(1 + 17)]W(0), whereas without time dependency we would get

1i(0) = rV(O). Therefore, the under- or overestimation depends on 7] being larger than or

smaller than -1.

Finally, we make a critical note concerning the use of national income as a measure to compare

welfare across nations. Apart from the problems mentioned above there is another difficulty

which can easily be demonstrated with the aid of the classical Ramsey (1928) model. Consider

two economies, indexed by 1 and 2, which have an identical technology and an identical stock

of capital. They differ only in their (constant) rates of time preference. The Hamiltonian of

economy i (i = 1,2) is

16



Along an optimum we have Ai = 1£'(Cd, so that

If u is strictly concave, it follows that 'Hi is strictly increasing in Ci if and only if F( Ki) < Gi.

lt is well known that, along an optimum, Ki(t) - Ki where Ki is the modified golden rule

capital stock defined by F'(K"i) = Pi (i = 1,2,). Now suppose that PI > P2 and K(O) > K2•

Then CI(O) > C2(O) > F(I{i(O» so that 1{I(O) > 'H2(O), Therefore, the more impatient

economy has the larger income. We do not think that such considerations are a good basis

for comparing the performance of economies.

17



5 N N P as an index for cost benefit analysis

A particular application of N N P as an indicator of welfare is its use in cost benefit analysis.

The most prominent advocates of this approach are Dasgupta and Maler ((1991) and (1993)).

Their approach can be illustrated as follows.

Let (u, x) denote the optimal trajectory with ..\ as the corresponding co-states. Fix t 2: 0

and consider the vectors u( t) and u( t) of policy instruments at instant of time t. u and u

are identified with investment projects. These vectors do not necessarily coincide with u( t),

which is the optimal one. Dasgupta and Maler now define net national product at instant of

time t, given u(t) and u(t) respectively (the time argument will be dropped wherever there

is no danger of confusion)

NNP = fou(x, u) .u+ fO:r(3:, it) . x + ..\ . f(3:, it, t)

N N P = fo,t(x, u) . U+ fo;:{x, u) . x + ..\ . f(x, 'it, t)

Here fou is the vector of partial derivatives of fo with respect to u. fox is defined likewise.

Assuming concavity of the Hamiltonian with respect to u we have:

1l(x, u, t,..\) -1l(3:, 'it, t,..\) =

= fo(x, u) - fo(x, u) + ..\ . f(3:, it, t) - ..\ . f(x, 'it, t)

2: fou(x, u)(it - 'it) + ..\ . f(x, it, t) - ..\ . f(x, u, t)

If it is assumed that fou(3:, u) = fou(x, 'il) = fou(x, u) and foAx, u) = fox(x, u) = fox(x, u)

then project ushould be preferred to project u if NNP > N N P because then it contributes

18



more to the Hamiltonian than u does and, along an optimum, the Hamiltonian should be

maximized.

Several remarks are in order:

1) In their 1993 paper Dasgupta and Maler omit the term fox in the definition of N N P,

whereas this term is present in the 1991 paper. It can be argued that fox measures the

returns (in utility) on the stocks in the economy and should therefore be included in national

income. On the other hand, if national income only serves as a means to compare projects

this term can be skipped.

2) Dasgupta and Maler are aware of the fact that the assumption that the (shadow) prices

(Iou) are not affected by the projects is indeed an assumption, but they argue that the "error"

is possibly not too large if the economy is moving to the optimum according to an efficient

planning procedure.

3) It is important to note the instantaneous or short run character of the analysis. The

analysis focusses on one instant of time and, in continuous time, this implies that stocks

are not affected. No reference is made to the relation between Hamiltonian and total future

welfare. An obvious advantage is therefore that we do not have to worry about the case where

the motion of the stocks is non-autonomous. But it should be stressed that the introduction

of projects as entities with instantaneous impact only is rather restrictive. Many projects,

once initiated, have a long run impact, also on the state of the economy. One could even say

that most projects in the context of growth and the environment are aiming at changing the

stock of environmental capital in the sense of increasing environmental quality or reducing the

speed of depletion of exhaustible resources. In that case the cost-benefit approach outlined

above is no longer valid, as is demonstrated by among others Johansson and Lofgren (1994)

in a particular example. They identify projects by different values of the control parameter
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(0:). The Hamiltonian can be written as

1t(x(t; 0:), u(t; 0:), t, >.(t; 0:)) = lo(x(t; 0:), u(t; 0:)) +>.(t; 0'). x(t; 0:)

where x(t; 0:) denotes the optimal value of x when project 0: is implemented. u(t; 0:) and

>.(t; 0:) are defined in the same way. If I and 9 are autonomous it follows from (11) and (12)

that

1t(t;a) = W(t;O')

So 0: should be increased as long as it increases the Hamiltonian. Therefore we consider

o1t(t; a)joa = 1011' (oujoO') + lox' (o;l:joa) +x· (o>'joO') +>.. (oxjoo:)

Now, if the vector of shadow prices>. does not depend on 0', the project should be carried

out if

lou' (oujfJa) + lox' (fJxjfJa) + >.. (oi:jfJa) > 0

This expression obviously has a national income interpretation and can be used for a cost

benefit evaluation. However, it has been assumed that the shadow prices do not depend on

the projects, which might be a more serious assumption than in the previous (short run)

case. Moreover, if time plays a role in the functions I or 9 so that the differential equations

describing the motion of the state variables are non-autonomous, matters become even more

complicated because then we have to employ (13).

In our model we can consider A as a. parameter. If one follows the approach outlined here,

A should be increased (marginally) if
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00Je-PS
( ->'2//(A)P - >'3)ds ~ 0

t

(at least if we assume away technical progress and variability of p and r). This expression

says that abatement should be increased as long as marginal utility of decreased pollution

outweighs marginal disutility of foregone consumption.

We conclude that net national product as defined by Dasgupta and l\faler can serve as

a welfare measure in cost-benefit analyses if new projects only a.ffect current instruments.

However, this measure is not appropriate if long run projects are taken into consideration.

In order to evaluate such projects more knowledge about the long run optimum, the entire

trajectory, is necessa.ry. This probably requires more information but that should not be a

reason to refrain from a long run approa.ch.
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6 N N P as an indicator for sustainability

Several authors claim that N N P can be used as a measure for sustainable development.

Examples are Hartwick (1990), Hulten (1992) and Maler (1991). Others like Pezzey (1994)

and Asheim (1994) argue that these claims are incorrect. In our view the debate has come

to an end because the arguments of the latter authors are convincing. So, we do not go into

the discussion here but restrict ourselves to summarize the issues raised thereby employing

the general framework of section 2 and the model of section 3. We shall identify sustainable

development with a constant value of the instantaneous utility function, which is fo(x, u) in

the framework of section 2. Now, if fo(:r, 1/) is constant over time then it is easy to calculate

W(t). It equals fo(x, 1l) (at least if the discount factor tends to zero as time goes to infinity,

which is surely the case when the rate of time preference is a positive constant). Hence, in

the absence of non-autonomous elements in the system of differential equations or the con

straints, it follows from (12) that a necessary condition for sustainability is that the value of

investments (broadly defined) is constant over time A(t) ·.1:(t) = 0 (see (4)). Moreover, this is

also a sufficient condition for sustainability. However, if we observe zero net investments in

an economy at some particular instant of time, this does not mean that this economy finds

itself in a sustainable development. For that, net investments should be zero at all instants

of time. We illustrate the problem by means of an example.

Consider the model of section 3 without pollution, without technical progress, and with

out international trade. \Ve assume that F(K, R) = l\'CV R{3 with (\' > j3. We compare two

economIes.

Economy 1 pursues the maximin objective, which in the case at hand seems to be an appro

priate interpretation of sustain ability. It is easily seen that the maximin rate of consumption
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in this economy is the solution of an optimal control problem of the type introduced in section

2, with a decreasing rate of time preference. It was shown by Solow (1974) that the maximin

rate of consumption is

National product in this economy is

where Pl(t) := 8F(I(l(t), Rl(t))/8Rl(t). We will have N N Pl(t) = C l since, as outlined

above, net investments are zero (A·:i: = 0 if 10(:r, u) is constant).

Economy 2 pursues the utilitarian objective given in section 3 with a constant rate of time

preference. National prod uet in economy 2 is

where P2(t) := 8F(I(2(t), R2(t))/8R2(t). This is the value of the Hamiltonian in terms of the

consumer good.

It was shown by Pezzey and \Vithagen (1995) that there exists p such that if the pure rate
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of time preference p equals ji the following picture arises

t

So CI = C2(O), C2 > CI for an initial period of time and C2 < C1 eventually. Asheim (1994)

and Pezzey (1994) shO\" that there exists t such that C2(t) > C1 and ](-2(0 +P2(t)S2(t) > 0

implying N N P2(t) > N N PItt). However, C2(t) is clearly not sustainable. Therefore, a

higher N N P does not imply a higher maximin rate of consumption.

We conclude with Asheim (op.cit.) that "it would seem impossible to develop the concept of

N N P into an indicator of sustainability .. , ".
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7 Conclusions

In this paper we have studied the usefulness of net national product for several purposes:

as an indicator in cost benefit analysis, as an indicator for welfare, a.nd as an indicator

sustainability. The conclusions can be summarized as follows.

a) N N P can serve as a measure of welfare if the necessary adjustments are made (when

the system governing the economy is non-autonomous) and if actual prices are not too

far off the optimal prices. The latter requirement obviously poses serious problems when

unpriced commodities such as nature are involved.

b) If the cost benefit analysis applies to short run projects (with no long run effect) then

N N P is a good indicator, at least if the prices in the economy are not too far from the

long run optimal prices. \-Vhen projects have long run effects and/or affect stocks then

instantaneous N N P does not provide enough information to evaluate the projects. In that

case more information on the future optimal development of the economy is necessary.

c) With respect to N N P as an indicator for sustainability the conclusion is negative.

Given this scepticism and given the informational requirements necessary to have a good

indicator, one can seriously doubt the usefulness of the N N P concept. Indeed it might be

as easy to formulate the long run planning problem and see if the optimum or something

resembling it is preva.iling in reality, in order to evaluate the present state of the economy.
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