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ABSTRACT 

Hueting, R., 1991. The use of the discount rate in a cost-benefit analysis for different uses of 
a humid tropical forest area. Ecol. Econ., 3: 43-57. 

The linkage between ecology and economics can be made by describing our physical 
surroundings as a collection of possible uses. These are called environmental functions. As 
soon as the use of functions-compete with each other, the environment has an economic 
aspect. The main conflict boils down to using environmental functions, such as the functions 
of a tropical rain forest, in an unsustainable way by maximizing production in the short run 
on the one hand and using functions sustainably in order to benefit from them in the long 
run on the other. 

The intensity of preferences for the future availability of functions cannot be established. 
From this it follows that the level of the discount rate, when calculating long-term environ- 
mental effects, can also not be set. Using the market interest as the discount rate for 
calculating the present value of long-term environmental costs and benefits means that the 
preferences for sustainable use of the environment amount to zero, for in that case the 
present value of a dollar earned 100 years from now is practically nil. This is a strong 
supposition, the correctness of which cannot be proven. Unfortunately most cost-benefit 
analyses, such as those of The World Bank, and a recent study of the World Resources 
Institute (Repetto et al., 1989) are based on this supposition. 

1. INTRODUCTION 

This article is a revision of a paper written at the request of Tropenbos. 
This is an organisation that focuses on the preservation of the e‘xisting 
tropical forests and on research on its sustainable use, rather than on 
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reforestation and other rehabilitation activities on forest land. The latter can 
be useful palliatives which cannot, however, reverse the current trend 
towards widespread loss of tropical forests (Ross and Donovan. 1986; Bax et 
al., 1986; Grainger. 1987). Tropenbos requested a framework for the com- 
parison of a sustainable and an unsustainable use of a tropical forest (and 
the ground on which it stands). 

Up to now the Tropenbos research projects have not yielded definite 
results regarding the main question, viz.: under which conditions is harvest- 
ing of wood possible in a sustainable way? Therefore this article is confined 
to a theoretical approach of a comparative cost-benefit analysis of different 
uses of a forest, or any other natural area. Hopefully it can be transformed 
into a case study when the physical data become available that are necessary 
for such an analysis. 

The article outlines first the concept of environmental functions as 
linkage between ecology and economy; and second the question of the use 
of discount rates for future environmental benefits and losses. 

2. ENVIRONMENTAL FUNCTIONS 

The environment can be defined as mankind’s physical surroundings, on 
which we are dependent in all our activities (production. consumption. 
breathing, leisure etc.). Within the environment, a number of possible uses 
can be distinguished. These are called environmental functions or, for short. 
functions. When the use of a function by an activity is at the expense of the 
use of another (or the same) function, or threatens to be so in the future. 
then loss of function occurs. In this competition between functions are 
distinguished qualitative, spatial and quantitative competition. Qualitative 
competition occurs when the function ‘dumping ground for waste’ (or: 
‘withdrawal or addition of species or matter’) is at the expense of other 
functions. An activity introduces or withdraws an agent into or from the 
environment, as a result of which the quality changes; this may disturb other 
use or render it impossible. By agent is meant a constituent or amount of 
energy (in whatsoever form) which may cause loss of functions by its 
addition or by its withdrawal from the environment by man. An agent could 
be a chemical, plant, animal, heat, noise, radioactivity etc. In the case of 
spatial and quantitative competition the amount of space or matter is 
insufficient to meet the existing wants for it. By activity is also meant 
conserving the function ‘natural environment’ on account of its present and 
future utility to mankind. 

The environment has an economic aspect when competition of functions 
occurs. Economics boils down to the problem of choice among scarce 
means. A good is scarce when the wants for it exceed its availability, or. 
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which amounts to the same, when an alternative has to be sacrificed to 
acquire it. Environmental functions meet this definition as soon as they 
compete. Competin, 0 functions are scarce goods. Losses of function con- 
stitute costs, irrespective of whether or not they are expressed in monetary 
terms. Economics deals with the problem of choice among scarce goods; the 
terms ‘money’ and ‘market’ do not occur in the definition of its subject 
matter. From this it follows that when no such competition occurs, functions 
are free goods, without an economic aspect: then they can be used and 
preserved without sacrifice. 

With the concept of environmental function, environment acquires a 
central place in economics, as the basis of human existence, and environ- 
mental losses are no longer externalities or unintended side effects of 
economic activities. Functions and losses of functions are linked to the 
matter of the environment on the one hand and are determined by the want 
of the function on the other. For example: the function ‘drinking water’ is 
linked to water and its quality and also to the need for drinking. In this way 
the linkage between ecology and economics is made. 

When testing environmental functions against four of the five criteria for 
collective goods - non-divisibility, non-exclusivity, non-rivalry and 100% 
externality - some functions could be considered as collective goods and 
some as private. However, the decision for their use and for their availability 
or loss, and the decision for intemalising losses of function into the price of 
the products whose production and consumption cause those losses, can 
only be taken collectively; this criterion - can the decision be taken 
individually - is decisive ‘. Therefore environmental functions are basically 
collective goods (Hueting, 1980). 

If all the costs and benefits of different uses of a forest area could be 
brought under one and the same denominator (e.g. money) it would be easy 
to conclude which use should be chosen. However, this is not the case. As 
much research has revealed, shadow prices for environmental functions (and 
their losses) that are directly comparable with the prices of goods and 
services produced for the market can mostly not be constructed. To find 
such shadow prices, a supply and demand curve have to be construed. 

In principle, the supply curve can always be found. It consists of the costs 
of avoiding the loss of function, viz. expenditure on technical measures or 

1 Also when functions are used for private purposes, e.g. soil for raising crops, the decision 
whether or not to spare other functions (such as groundwater as raw material for drinking 
water) can only be taken collectively. One of the reasons is that individual action would price 
the farmer out of the market. because of the higher costs involved. (Note that when no higher 
costs are involved, there is no economic aspect: other functions can be spared without any 
sacrifice.) 
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forgoing revenues of activities in order to restore and preserve the function. 
These costs generally increase progressively as the function is restored and 
preserved more completely, so that mostly a ‘normal’ cost curve is found. 

But the construction of a demand curve meets serious difficulties, because 
the intensity of the individual preferences for environmental functions rarely 
can be entirely expressed in market behaviour or in other behaviour that can 
be translated into market terms (money). These so-called revealed prefer- 
ences can in some cases be quantified by estimating the financial damage 
caused by loss of function (e.g. damage by floods to crops and properties, 
resulting from loss of the function ‘regulator of the water management’ of a 
forest), or by collecting the expenditures on measures that compensate the 
loss of function. When, for instance, the water is polluted by chemicals, 
compensation of the function ‘drinking water’ or ‘irrigation water’ is possi- 
ble to a certain degree and during a certain period by purifying the intake of 
the polluted ground or surface water. In the long run, however, elimination 
of the pollution is necessary, because of its cumulative. effects. L&s of 
forests by acidification and by unsustainable harvesting, species loss, the 
climate stability loss by the emission of greenhouse gases, and the loss of 
erosion soil cannot be compensated. Consequently, individual preferences 
for preventing the losses of functions involved cannot be revealed by 
collecting expenditures on compensation measures (Hueting, 1980). 

Because of the limited possibilities for preferences for environmental 
functions to manifest themselves in market behaviour, such as financial 
damage and expenditure on compensatory measures, efforts have been made 
to trace these preferences by asking people how much they would be 
prepared to pay to wholly or partially restore functions and to conserve 
them. A lot of research is going on in the field of willingness to pay for the 
environment and willingness to accept environmental losses. An overview of 
the methods used, including quite a few results can be found in Kneese 
(1984) Johansson (1987) and Pearce et al. (1989). In this research useful 
concepts such as use value, option value and existence value have been 
introduced. 

It is questionable, however, whether this approach can provide reliable 
figures. Insofar as people are directly affected by environmental losses, the 
approach might be justified. Many environmental losses, however, constitute 
part of a process which may lead to the disruption of the life-support 
functions of our planet and endanger the living conditions of generations to 
come 2. Therefore these losses cannot be considered separately. This cer- 
tainly applies to tropical forests; forests are being destroyed all over the 

? According to ecological literature this constitutes the most important part of the environ- 
mental problem. See, for example, Odum (1971). 
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world at a rapid rate. Especially in such cases as tropical forests. where the 
future is at stake and the whole world community is involved, polls cannot 
provide reliable answers. The burden on the environment is equal to the 
product of the number of people and the amount and nature of activity per 
person. Adaptin, 0 this burden to the carrying capacity of our planet has 
much more to do with reducing the number of our species and changing the 
nature of our consumption patterns than with a financing problem for which 
people can be asked to pay. Arguments for this view are listed in Hueting 
(1989) 3. See also Kapp (1972). 

3. THE COMPARISON 

Competition of functions can take all sorts of forms. But in most cases by 
far it is a question of the environment being used for raising production and 
consumption in the short run at the expense of other desired uses and of 
future availability of functions (Hueting, 1980). 

The main functions of tropical forests are, in arbitrary order: ‘supplier of 
wood’; ‘supplier of agricultural ground’ because forests are often felled or 
burned to provide agricultural ground; ‘supplier of natural products’, for the 
local population but partly also for the market 4; ‘regulator of the water 
management’; ‘preventor of erosion’; ‘regulator of the climate’; ‘buffer of 
CO, and heat’; ‘gene reserve’; ‘result of the evolution (or creation)‘; ‘object 
of study for ecological research’; ‘cultural heritage’; ‘source of income from 
tourism’. The main competition is between the first two functions and all the 
other functions. Because moreover the first function is generally used in a 
way that maximises revenues in the short term (i.e. clear-cutting; and the 
subsequent erosion prevents future wood harvests), there is also competition 
in using the function ‘supplier of wood’ in the short run and in the long run 
(there can be competition between activities using the same function accord- 
ing to the definition given in Section 2). So basically the main conflict is 
generally between using the forest in an unsustainable way by raising 

3~o arguments the following can be added. 
- A number of people will probably have their doubts about the participation of others (the 

Prisoner’s dilemma from game theory) or prefer to wait and see (the Free Rider Principle 
from the theory of collective goods). Thus in developing countries (where the tropical 
forests stand) the view is wide-spread that people from the rich countries should pay, 
because these countries (a) have much more money to spend, (b) nevertheless are 
destroying their own environment, e.g. what is left of their forests, by acidification, (c) 
contribute considerably to global effects such as the greenhouse effect, (d) have a clear 
interest in saving natural resources in the third world. 

- In cases where the whole community is involved the willingness to accept or to pay 
approach is pointless. For who is then paying whom? 

4 An overview of methods used to value the non-timber forest products, including quite a few 
results, is to be found in De Beer and McDermott (1989). 
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production and consumption in the short run and using it in a sustainable 
way and thus preserving all the functions of the forest. but forgoing the 
function ‘supplier of agricultural ground’, in order to benefit from them in 
the long run. Therefore a framework for a cost-benefit analysis (CBA) of 
different uses of a forest area should focus on the comparison between an 
unsustainable and a sustainable use. 

Consequently, economic analysis of different uses of a certain forest area 
should start with: 

(1) Inventory of its functions with a description of their potential current 
and future utility for mankind. 

(2) Inventory of the intended and actual use of the functions and a 
description of their utilities for humans, i.e. their benefits. Actual use should 
comprise utilities such as regulation of the water management and the 
climate and the current and future utilities of the available gene reserve. 
These utilities, or benefits, should be estimated first completely in physical 
terms j, and second, based on this, as far as possible in monetary terms. 

(3) Establishment whether or not these uses are sustainable 6. 

5 An estimate of the value in monetary terms is almost always preceded by an inventory in 
physical terms. See for instance Repetto et al. (1989) and Hueting (1980). To give two 
examples: to estimate the monetary value of the function ‘supplier of wood’ first an estimate 
must be made of the cubic meters wood per hectare: to estimate the costs of the measures to 
arrive at a sustainable use of the function ‘drinking water’ first the physical measures have to 
be formulated to meet the physical standard for such use. 
6 With regard to the concept of sustainability points of application can be found in ecological 
literature. Thus Odum (1971) states that through human activities a development is increas- 
ingly taking place which results in mature, stable ecosystems being replaced by more recent. 
less stable stages. This runs counter to natural development. As fewer stable stages remain. 
restoration of impaired systems becomes increasingly difficult, and the number of possible 
uses falls steadily. An irreversible situation can come into being when harm is done on a large 
scale to predators, when substantial numbers of species are lost or when general biological 
activity is suppressed. This disruption of food chains may disrupt the life-support functions 
of our Earth. Decline and disappearance of species indicate the extent to which we are 
already on the way to disruption of the life-support functions. The chance of severe 
disruption can be minimized if human activities, through the use of recycling processes, 
(again) become part of the biological cycle, whereby the level of activities is limited by the 
condition that the degree of stability of this cycle does not decrease. Sustainability needs 
recycling of natural resources, changing to non-polluting sources of flow energy and land use 
that permits natural ecosystems to function. In any case the emission of in the environment 
accumulating chemicals, such as heavy metals, PCB’s, CFC’s, CO,, nitrates and phosphates, 
is incompatible with sustainability. Depletion of non-renewable resources is not sustainable 
and has to be compensated by developing renewable substitutes (El Serafy. 1989). As for 
erosion, an erosion rate equal to the natural rate of increment of the topsoil is sustainable. 
The Netherlands Central Bureau of Statistics has just started to analyse the possibilities of 
constructing an alternative national income corrected for environmental losses. alongside the 
current one. The correction will be based on the decrease in volume resulting from measures 
necessary to meet standards for a sustainable use of environmental functions. I intend to 
report the results in Ecological Economics. 
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(4) Establishment of the uses of functions which are at the expense of the 
use of other (or the same) functions. This comes down to an enumeration of 
the cases where the uses of function conflict with one another and of the 
current and future losses of function which result from these conflicts. In 
this article I assume that the conflict is between the unsustainable and the 
sustainable use of the functions mentioned above. 

(5) Description of the current and future consequences of the established 
losses of function, that is to say the damage, or costs, resulting from these 
losses. These consequences or costs, should be estimated firstly and com- 
pletely in physical terms ‘, and secondly, based on this, as far as possible in 
monetary terms. Losses of function themselves constitute costs, but can in 
addition bring about damages involving costs elsewhere, outside the forest. 

(6) Estimate of the duration of the costs occurring in the established cases 
of losses of function. 

Note that the tropical forest is not conceived as an entity which is either 
totally present or totally absent, but rather as a collection of functions useful 
for mankind, which can have a range of availability from zero to a hundred 
percent and of which the different uses can be in competition with one 
another. This competition inescapably forces society into economic choices. 

Costs are basically conceived as forgone alternatives, and benefits as 
utilities. Both costs and benefits can in principle always be quantified in 
physical terms, but not alway in monetary terms 5. Broadly speaking, it 
depends on whether the intensity of the preferences for the functions of the 
forest can express itself via the market mechanism (see Section 2). If this is 
possible, benefits and costs, inherent to the availability and the loss of a 
function respectively, can be expressed in monetary terms. If this is not 
possible, we shall have to make do with quantification in physical units, and 
society will have to attach a weight to them without the aid of a common 
denominator, namely money. 

In the six steps mentioned above, data can be collected for the elabora- 
tion of a cost-benefit analysis (CBA) for the competing functions in the 
pilot areas of humid tropical forests, selected by Tropenbos. Tropenbos aims 
at quick answers, because the situation is urgent. It would therefore be 
advisable to concentrate on the main conflicts between the main functions, 
which are representative for what is going on in tropical forests. This means 
comparing two intended ways of using a forest area, unsustainable and 
sustainable, under the following fictitious conditions. 

The unsustainable way A comprises solely cutting down the whole area in 
the quickest and cheapest way in order to get the highest attainable net 
revenue for the wood on the market as soon as possible (using the functions 
‘supplier of wood’ and ‘provider of ground for agriculture’ in an unsustaina- 
ble fashion). 
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In the smtainabfe way B, 70% of the area is exploited gradually for felling 
the trees carefully and selectively in order to be able to sell the wood on the 
market for an indefinite time (using the function ‘supplier of wood’ in a 
sustainable fashion); the yearly net revenue is supposed to be lower than in 
way A, because of the more labour intensive, more expensive exploitation 
consisting of, among other things, more careful and selective felling, and 
measures for regeneration. Efforts to estimate the differences in wood 
volume harvested per hectare and the resulting costs per unit of wood in a 
sustainable compared with an unsustainable exploitation are described by 
De Graaf (1987), Leslie (1987) and De Groot (1988). There are considerable 
differences in results, dependent on the type of forest and the methods used. 
One of the reasons is that a sustainable exploitation requires a long to very 
long recovery period. According to the authors time is the main cost factor 
in forestry. This brings us back to the discount rate problem, discussed in 
this article. In procedure B, 30% of the forest area is left in its original 
condition (leaving there all the functions of the area intact) 7*8. 

In a cost-benefit analysis of a forest area, the present values of future 
costs and benefits of the intended uses of the area are’ calculated by the 
formula: 

NPV= 
4 - Cl B2 - c2 

I +r + (1 +r)Z + . . . + 

where NPV is the net present value, B,, are monetary benefits in year n, C, 
monetary costs in year n, and r is the discount rate. 

Filling in the formula for the unsustainable cuse A might provide the 
following picture. According to the research mentioned above, the whole 
operation of cutting down the area takes 5 years, and x m3 wood per year 
will be harvested with an estimated yearly market value of 10a dollars. After 
that the formerly forested ground is only fit for agriculture for the following 
5 years; this is due to the depletion of fertility (soil degradation), start of 
erosion and increase in weeds and pests. The yearly yield is estimated, firstly 
in physical units per kind of crop and secondly in market terms. The latter 
appears to be 6a dollars each year during the whole period. 

For the sake of the simplicity erosion starts severely in the eleventh year, 
making the original forest ground unfit for any use whatsoever and causing 
loss of yield in the agricultural fields and damage to properties in the 

7 
The partition is made because the complete preservation of functions such as ‘gene reserve’ 

and ‘object of study for ecological research’ is most probably only possible by leaving the 
forest intact. 
* The example is fictitious, of course; it might be questioned whether 30% of an area is 
sufficient for the preservation of all functions. 



DISCOL’NT MTE IN A COST-BENEFIT ANALYSIS 51 

villages and cities downstream as a result of flooding. as follows from 
experiences elsewhere (in reality the erosion starts sooner and gradually; this 
course of affairs can easily be brought into the formula). These effects are 
estimated in physical, then monetary terms: 2a dollars a year. The latter 
constitute extra costs of use A in addition to the operation costs of 
harvesting the trees and the crops, which amount to say 3a dollars a year for 
both. The damage costs are estimated to occur for an indefinite period of 
time, and, for the sake of simplicity, the costs of measures to eliminate the 
effects of the erosion are equal to the damage costs, caused by the erosion 
(in reality they could be lower; this can easily be introduced in the formula). 

These damage costs result from the loss of the function ‘regulator of the 
water management’ when using the forest area in way A. It should be 
stressed that when comparing the NPV’s of different ways of using an area - 
in this example way A and way B -, the benefits of the one way with regard 
to a certain function can be expressed either as its (net) revenue, if this 
function is not impaired, or as costs avoided, if these costs are caused by the 
loss of this function as a result of the other way of using the area. Benefits 
should not entered as well as the costs, to avoid double counting. Therefore, 
now the costs of the loss of the function ‘regulator of the water manage- 
ment’ have been entered under way A, we are not allowed to enter the 
benefits (as costs avoided) of this function under way B, where this function 
remains intact, as is supposed below. 

For the sake of simplicity, it is assumed that (for the 10 year period) the 
total utility of the function ‘regulator of the water management’ is expressed 
in the above-mentioned damage costs, and it follows from the above that in 
way A all other functions of the area are lost. 

There is often still another category of costs related to a way of use like 
way A, namely the costs of building infrastructure (such as roads), export 
subsidies, etc., mostly paid by the government. These costs should not be 
forgotten, for they definitely make up part of the costs of using the forest 
area in way A. The yearly operation costs of these facilities are supposed to 
amount to la dollars during the first 5 years. After that the facilities are 
abandoned. 

The costs and benefits of way A are summarized in Table 1. 
These values can now be used in the formula. 
When using the forest area in sustainable way B, the yearly value of the 

wood sold on the market is smaller: first, because a smaller area is used for 
this purpose, and second because the amount of wood harvested per acre is 
smaller because of the more careful and more selective felling and skidding. 
As a result of the latter, the costs per unit of wood harvested are higher. On 
the other hand, exploitation can be sustained for an indefinite time, and in 
the part of the area which is exploited functions like ‘regulator of the water 
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TABLE 1 

Costs and benefits of the unsustainable way A 

Year 

l- 5 

5-10 
11-n 

Benefits/year Costs/year Net Revenue/year 

Sold wood SlOa Operation S3a 
Government Sla 

!zI S6a 
Sold crops S6a Operation S3a S3a 

Damage by 
nil flooding S2a - S2a 

management’, ‘buffer of CO, and heat’ and ‘regulator of the climate’ remain 
intact. Functions like ‘gene reserve’, ‘result of the evolution (or creation)‘, 
‘object of study for ecological research’, ‘cultural heritage’, ‘supplier of 
natural products for the local population’ and ‘source of income from 
tourism’ are damaged to some extent, but not totally as in case A. For the 
preservation of these functions, however, 30% of the area is reserved. as 
mentioned above ‘. 

The benefits and costs of the exploitation for wood can now be assessed 
in the same way as in case A. The market value of the wood is supposed to 
amount to 6a dollars a year, the exploitation costs 3a dollars a year and the 
government facilities 1/2a dollars a year. Further to this, the functions 
‘supplier of natural products’ and ‘tourism’ are assumed to have a yearly 
revenue of $a dollars each (with negligible costs) for an indefinite time 
(estimate based on an assessment in physical units), so that in case B the 
result is a net revenue of 3ia dollars a year for an indefinite time. Note that 
in case B no damage costs occur as a result of flooding, as the function 
‘regulator of the water management’ remains intact. 

The NPV formula originates from business economics, where it is used for 
individual projects. Costs and benefits then can completely be derived from 
the market, that is supposed to reflect individual preferences properly. The 
time horizon is limited: 50 years or less. In the case of costs and benefits 
involved in the use of environmental functions things are different. Apart 
from the differences discussed below, the time horizon with respect to the 
use of functions is much longer. The benefits (or costs avoided) of environ- 
mental functions will be available indefinitly. Moreover for functions such 
as ‘regulator of the water regime’, ‘regulator of the climate’ and ‘gene 
reserve’, no investments every x year and no operation costs are necessary to 
maintain their services, as in the case of market goods. These functions will 
remain available as long as the forest remains intact. Therefore a lower 
discount rate than the market interest has to be applied to establish the 
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value of the functions of nature. How much lower depends on society’s 
preference for a sustainable economic development to safequard future 
revenues. 

Applying a (market) discount rate of 10 percent would mean that one 
dollar earned 30 years from now acquires a present value of 5.7 cents, and 
100 years from now only 0.007 cents, which is practically zero. Thus the 
benefits of functions like ‘gene reserve’, which at this moment might not be 
needed (which means a value of zero during the first years) but might be 
indispensable in the future, would acquire a present value of zero. 

Therefore costs and benefits of environmental functions should be dis- 
tinguished into short term and long term. Consequently, in the example an 
approach is given first for a short period and then for an indefinite long 

time. 

For ways A and B, a comparison of their net present value (NPV) could 
be made for, say, the first 10 years, on the basis of the figures assessed, and 
applying the market interest as the discount rate in the denominators of the 
NPV formula. This is allowed because all the items which are relevant in this 
period result from market transactions and are quantified in market terms 
(money). Furthermore, 10 years is a reasonable period for a normal commer- 
cial investment, so that themarket interest rate can be used for discounting 
the future benefits and costs during this period. The benefits of functions 
like ‘gene reserve’, ‘ object of study for ecological research’ and ‘regulator of 
the climate’, which are lost in case A and remain partly or completely intact 
in case B, are supposed to play no major role in the first ten years, while the 
damage costs resulting from the loss of the function ‘regulator of the water 
management’ arise only in the eleventh year. 

The picture thus obtained is, however, highly incomplete. For, the be- 
nefits from all the functions preserved in using the forest area in way B, 
remain completely or partly outside the comparison, because the majority of 
these benefits fall outside the period of ten years. We therefore distinguish 
two possibilities for the comparison of the NPV’s of way A and way B of 
using the forest area: 
(a) The NPV of way B is higher than that of way A for a period of about 

ten years. If this is the case, it is not important that part of the benefits 
of way B fall out of the comparison. The comparison is therefore fair 
and the cost-benefit analysis has been finished. 

(b) The NPV of way A is higher than that of way B for about ten years. It 
then does become important that part of the benefits of way B fall 
outside the comparison. A serious problem then arises, about which the 
following remarks can be made. 
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The difference between the NPV’s of the unsustainable way A of using the 
forest area and the sustainable way B can be conceived as the investment 
costs of an environmental measure, namely the adoption of way B, to preserve 
the abovementioned functions of the area, preventing the losses occurring in 
way A, in order to arrive at a sustainable economy for the country under the 
adage ‘development without destruction’. These costs then have to be 
compared with the benefits of way B occurring from the eleventh year 
(according to the assumptions made). It can now be argued that in this latter 
comparison the use of the NPV formula is no longer permitted. The 
reasoning for this is as follows. 

The NPV formula originates from business economics, where it is used for 
separate investment projects. In these cases, the market interest r can be 
interpreted as the compensation for the sacrifice made for forgoing present 
consumption and for running risks. Partly because of this, interest is a help 
in the allocation of the factors of production in a market economy, without 
the intervention of bureaucracy. The interest can be paid from the increase 
in productivity (i.e. from the greater production) that is attained when the 
investment has the desired success (pays off). If all goes well, against the 
sacrifice of lower consumption at the moment of borrowing there is the 
advantage of higher consumption in the (near) future. 

On the face of it, it seems as if, mutatis mutandis, a similar reasoning can 
be set up for environmental measures. The interest on investment in en- 
vironmental conservation may be interpreted as compensation for the 
sacrifice of lower consumption at the moment of borrowing for the sake of 
preserving consumption in the future; B in the formula expresses the 
benefits for this. However, when a value has to be entered for B and the 
discount rate r in environmental measures, the following difficulties occur. 

Only insofar as in the short-term benefits of an environmental function 
arise, which can be quantified in monetary terms (as in the sustainable 
exploitation of the forest area in way B) or when loss of function leads to 
compensatory measures or causes financial damage in the short run (like 
damage by flooding) can sums of money be entered for B in the formula. In 
all other cases, the benefits of environmental measures consist of prevention 
of the loss of environmental functions, and it is not possible to quantify 
these losses in money terms, among other things because with functions like 
‘gene reserve’ etc. the losses occur mainly in the future, while no method 
exists to measure the urgency of the needs of citizens for a safer future 9. 
Therefore it cannot be established whether or not citizens are prepared to 
sacrifice an amount of money equal to the abovementioned difference 
between the NPV’s of way A and way B. The functions involved are 
collective goods (see Section 2) and entering a value for B in the formula in 
the case in question is therefore a collective (political) decision. 
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Information for this decision can be given by describing the current and 
future benefits in physical units or, if necessary, in words. On the basis of 
this, the government must attach a value to them for the citizens. Taking no 
preventive measures means that a value of zero has been assigned, because 
the adverse consequences of the losses of function will most probably occur. 
Note that the more successful the quantification is in monetary terms, the 
smaller the margin becomes about which a collective decision has to be 
made. It is therefore advisable to carry the quantification in market terms as 
far as possible. 

A similar difficulty occurs in entering a value for r. The reasoning for r in 
environmental measures is similar to the reasoning for B, when benefits and 
damage costs in the long term are concerned. Interest in environmental 
measures is a compensation for the sacrifice of present consumption for the 
sake of preserving future consumption (including clean air, biological diver- 
sity, etc.). Because environmental functions are collective goods, the level of 
the interest rate reflects the community’s preference for a safer future (the 
avoidance of overshoot and collapse that impair future possibilities of 
consumption) in respect of consumption at the moment. In the application 
of the NPV formula in the sphere of business economics (i.e. with market 
goods), individual subjects (citizens or institutions) receive compensation 
from other subjects. In the case of completely collective goods such as the 
environment (non-market goods), the whole community is involved: nobody 
compensates anyone else: it is decided jointly whether the sacrifice of 
present consumption for the sake of the future must be made. A low value of 
r then means that a safer future is held in high esteem, and vice versa. A 
value of r approaching zero means a value of the NPV approaching infinite 
and expresses the fact that the community is prepared to pay the price C for 
conserving the availability of the environmental functions at stake in the 
future (assigning a value approaching infinite to B has the same signifi- 
cance). 

We cannot measure the urgency of the need for a safer future, as stated 
before. Only the following may be said about this. People derive part of the 

Regard to the inter-generational conflict I feel the main question is whether this 
generation is prepared to start adapting its consumption pattern and its number of children 
to the carrying capacity of our planet, which amounts to using the environment and resources 
sustainably. The answer to this question cannot be given by economic research, because the 
intensity of the preference for not increasing the risks for living conditions of generations to 
come cannot be quantified, as has been discussed in Section 2. Nor is an answer given to this 
question in the literature on the inter-generational conflict. However, as politicians and many 
organisations all over the world have voiced the wish for sustainablility, it seems justified to 
introduce standards for sustainable use of environmental functions and conceive these as an 
answer to the question, provided by society. 
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meaning of existence from the company of others. These others include in 
any case her or his children and grandchildren. The prospect of a safer 
future is therefore a normal human need, and worsening of this prospect has 
a negative effect on welfare. 

4. CONCLUSION 

The NPV formula is meaningless for environmental measures when 
long-term-effects are involved. Making wrong use of it gives the decisions 
the aura of objectivity, whereas in fact completely subjective figures are 
entered whose correctness cannot be proved. Exceptions are those cases in 
which the preferences for the environmental functions involved can be fully 
derived from (market) behaviour. Long-term environmental costs and be- 
nefits are, from an economic point of view, completely different from costs 
and benefits of commercial investments. 

From this it also follows that discussing which puts more pressure on the 
environment, a high or a low discount rate for both commercial and 
environmental costs and benefits, as for instance Pearce et al. (1989) do, is 
raising the wrong question. Daly (1990) arrives at the same conclusion, 
arguing, while referring- to Tinbergen (1952) that two independent policy 
goals, viz. optimal allocation of production factors and a fair intergenera- 
tional distribution of welfare (see Section 3) cannot be served with one 
single instrument (the discount rate). 

Moreover, the mistake is occasionally made of entering the nominal 
interest for r and real sums of money (dollars from the base year) for B and 
C. Part of the interest rate is compensation for inflation. And therefore B, C 
and r in future years must all be expressed either in nominal (i.e. inflated) 
units or in real units (i.e. corrected for inflation). 

I suggest the following for giving additional information in monetary 
terms on behalf of measures for environmental conservation in the long 
term. It is, in principle, possible to estimate the costs of restoration and 
preservation of the environmental functions at stake lo. This amount is a 
measure of the risk run by the loss of those functions. 

Awareness of the meaninglessness of the NPV formula for long-term 
environmental effects can remove a major stumbling block in the way of a 
good economic policy with regard to the environment, and notably the 
humid tropical forests. 

lo In most cases these costs partly consist of expenditure on technical measures and partly of 
forgoing environment stressing activities (that can be expressed in money terms). 
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