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Chapter 1

Prologue

`There is generally considerable uncertainty about the threshold values of
either populations of organisms or biogeochemical cycles for many of the
most important ecosystem types, and there is often fundamental ignorance

about the implications of crossing a threshold.'

(Perrings and Pearce 1994:13)

1.1 Introduction

In its second assessment report the Intergovernmental Panel on Climate Change states

that `the balance of the evidence suggests that there is a discernible human influence

on global climate' (IPCC 1996a:5). Although the IPCC concedes that our knowledge
remains far from perfect, it lists a number of facts that seem to be indisputable. Large
scale analyses of ineteorological and other data has shown that (i) global mean temper-
ature has risen by at least 0.3 degrees Celsius since the late 19th century, (ii) recent
years have been among the warmest since 1860, (iii) the global sea level has risen by
between 10 and 25 cm, and (iv) night time temperatures over land have increased more
than daytime temperatures. Nevertheless, `many factors currently limit our ability to

project and detect future climate change' (IPCC 1996a:7). This is especially true for the
so-called surprises, which are large and rapid changes of the climate system.

`future unexpected, large and rapid climate system changes (as have oc-
curred in the past) are, by their nature, difficult to predict. This implies
that future climate changes may also involve "surprises". In particular these
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arise from the non-linear nature of the climate system. When rapidly en-

forced, non-linear systems are especially subject to unexpected behaviour'

(IPCC 1996a:7).

The bottom line of the IPCC-view seems to be that, although there exists ample support

for the hypothesis that human activity does have an influence on global climate, the

predictability of future climate change remains a difficult subject. This concurs with

common sense knowledge that `to predict' is an order of magnitude more difficult than

`to establish'.

In order to shed light on future climate change the IPCC has formulated six emission

scenarios, called IS92a-IS92f. These scenarios describe the developments regarding some

of the major economic, demographic and policy factors up to 2100. The scenarios include

descriptions on energy availability, land-use, technological change, population, economic

growth, and fuel mix. Final concentrations of carbon dioxide in these scenarios, which

is the major greenhouse gas (GHG) arising from human activities, vary from about

480 ppmv for the I592c-scenario to well over 800 ppmv for the I592e-scenario1. This

corresponds to an increase over the pre-industrial level of carbon dioxide from 75 to well

over 200 percent.

For each of these scenarios the IPCC reports a best guess estimate for the rise of global

mean temperature in 2100. These estimates vary from 1.3 degrees Celsius for the IS92c-

scenario to 2.4 degrees Celsius for the IS92e-scenario. Due to the inertia of the deep

oceans2 it is expected that global mean temperature will continue to rise after 2100,

even in case emissions of GHS's are reduced to zero by then. The best guess estimates

op the IPCC give a good indication of what is `likely' going to happen, but they may be

inaccurate for two reasons. First, as the IPCC notes, the climate may be more, or less,

sensitive to an increase in the concentration of carbon dioxide in the atmosphere. The

best guess estimates given above are based on a"climate sensitivity" parameter value of

lppmv - parts per million by volume
ZOceans store large amounts of heat and carbon dioxide. Global warming will increase the surface

temperature, which will in turn affect the temperature of the oceans. There is, however, little circu-

lation between the different layers of the oceans. Hence, it may take from one hundred to about one

thousand years before the oceans, and hence the climate system, have reached their new equilibrium

(IPCC 1990:12; Nordhaus 1994; IPCC 1996a:61).
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2.5 degrees Celsius3. There is, however, considerable uncertainty about the true value

of the "climate sensitivity" parameter, which is reflected in the range of its confidence

interval: [1.5, 4.5) degrees Celsius. If we take the uncertainty about "climate sensitivity"

into account, the range of best guess estimates for the rise of global mean temperature

in 2100 would widen from [1.3, 2.4] to [0.9, 3.5] degrees Celsius.

Second, the best guess estimates for the IPCC scenarios only include the impact of `likely'

events. They do not include the possibility of surprises, which are low probability, high

impact events. Examples of surprises linked to climate change are (i) the runaway green-

house effect, (ii) the disintegration of the West Antarctic Ice Sheet, and (iii) structural

changes in ocean currents. To get a better understanding of these surprises, let me sketch

some of their possible impacts and causes. In a runaway greenhouse effect one of the

positive feedbacks dominates all negative feedbacks 4. When this happens, the climate

will change `much more and much faster than the common consensus indicates' (Pearce

et al. 1996:208). As a result a runaway greenhouse effect may cause a very rapid shift

in temperature; a large scale desertification of the current grain belts around the world;

and the evolution and migration of lethal pests in new climatic conditions. IVloreover, a

runaway greenhouse effect considerably enlarges the possibility of other surprises, like a

3"Climate se.nsitivity" denotes the likely equilibrium response of global mean temperature to a dou-

bling of the equivalent carbon dioxide concentration. The estimate for "climate sensitivity" is made

on the basis of climate models which still include major uncertainties, mainly due to the gap in our

knowledge concerning the importance of feedback effects. Examples of these feedback effects are wa-

ter vapour feedback, cloud~radiative feedback, ocean circulation, ice and snow albedo feedback and

land-surface~atmosphere interactions (see IPCC 1996a:34-35). The estimate of "climate sensitivity"

parameter is used to prepare best guess estimates of changes in global mean temperature.
QPositive feedbacks are feedbacks that amplify the initial response, negative feedbacks are feedbacks

that reduce the initial response. Examples of positive feedbacks are water vapour feedback, ice and

snow albedo feedback, a rapid increase in natural emissions of greenhouse gases, a shutdown of major

greenhouse gas sinks as well as changes in atmospheric chemistry. An example of a negative feedback is

a slowing down of the thermohaline circulatíon in the North Atlantic. Thermohaline circulation is the

movement of large amounts of water across the globe. One of the factors that drives the process, is the

freezing of sea water at the North pole. Since ice contains no salt, the salt concentration in the remaining

water increases. Under the influence of gravity the water containing the high salt concentration then

sinks to the bottom of the ocean, because its density, and consequently its weight, has increased. These

and other feedbacks are an important source of uncertainty in climate change modelling. For example,

the IPCC states that `if clouds and sea ice are kept 6xed according to their observed distributions and

properties, climate models would all report climate sensitivities in the range of 2 to 3 degrees Celsius'

(IPCC 1996a:33).
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disintegration of the West Antarctic Ice Sheet. In turn, this may lead to an additional

sea level rise of 5 to 6m (Revelle 1983)5. Probable consequences of such a large sea level

rise would include large losses of land along coastlines and the flooding of many low-lying

islands.

Structural changes in ocean currents may have both regional and global impacts. As

global mean temperature rises beyond its best estimate of 2.5 degrees Celsius the thermo-

haline circulation may weaken or even reverse its direction (Manabe and Stouffer 1994).

If this would happen to the North Atlantic energy transport system (the warm gulf

stream) temperatures in Europe would drop sharply (Dansgaard et al. 1989; Manabe

and Stouffer 1993). The high Northern Atlantic would be permanently ice-covered to

south of Iceland (Manabe and Stouffer 1988).

1.2 The Economic Approach

The possibility of human induced global warming raises the question what to do. On

the one hand climate change is detrimental to human welfare. Pearce et al. (1996)

list fourteen different categories of damage. Among the principal damages are damages

to harvests, e.g. heat stress, decreased soil moisture, increased incidence of pests and

diseases; to human health, e.g. heat stress; to coastal areas, e.g. flooding, migration;

to human amenity, e.g. increase in the incidence of heat waves; to ecosystem and biodi-
versity loss, e.g. increased species extinction; and extreme weather events, e.g. tropical

cyclones, droughts, floods. On the other hand prevention of, or adaptation to, climate

change is detrimental to human welfare as well. Policies curbing GHG-emissions will

induce substitution away from fossil fuels. In general, alternative fuels, like solar and

wind energy, will be more expensive. Higher and stronger dikes may be built to prevent
flooding, but this is more expensive also. The same holds for building air condition-
ing systems to prevent heat stress and for increasing the resilience of ecosystems to the

aspects of climate change that cannot be avoided.

In the economic literature several methods have been suggested in order to facilitate
decision making in general. These methods could be applied to the issue of global warm-
ing. The two most influential methods are the sustainability approach and cost-benefit
analysis (CBA). The sustainability approach takes as a starting point that `unaccept-

SAccording to the IPCC scenarios I592a - f the rise in sea level would lie between 38 and 56 cm.
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able' damage to future generations should be avoided (Howarth and Monahan 1992;

Spash 1994). Adherents often recommend the use of absolute, or minimum, standards.

The thought behind recommending fixed standards is that damage will be `too large', if

the standards are exceeded.

In contrast to the sustainability approach, CBA explicitly weighs the costs and benefits of

an action against each otherfi. The underlying principle is to express every consequence of
an action with a common denominator. Although, in practice, economists use money as a

denominator, any other denominator can be used as well. In this way a direct comparison

between costs and benefits becomes possible for each individual. Aggregation of benefits

and costs over all individuals, with the possible use of weight factors, will produce a

value that describes the attractiveness of this action for society as a whole. If this value

is larger than zero, that is, if the benefits outweigh the costs, the action is desirable and

vice versa.

By comparing two actions on the basis of their ascribed value an unequivocal judgement

on the desirability of these actions can be given. The action with the highest attached

value is the action that is desired the most. It produces the highest gain of benefits

over costs for society as a whole. To give an example, suppose that a society can choose

between two actions, the status quo or an enhanced greenhouse effect. The status quo

has benefits of ten and costs of five, and thus an attached value of five. The enhanced

greenhouse effect has benefits of twenty and costs of thirteen, and thus an attached value

of seven. Then society should choose the action leading to the enhanced greenhouse

effect7, since seven is larger than five8. For small problems where only a few actions are

available, this method may work very well. For complex problems, like the greenhouse

effect, where literally thousands or even millions of actions have to be evaluated, CBA

will, in general, be unworkable9. Without additional assumptions cost-benefit analysis

remains a theoretical construction, that cannot be applied to `real life' problems, like the

greenhouse effect.

óNote that I will use the words costs and damages interchangeable.
~In principle, it is possible to incorporate uncertainty into this framework. In that case the most

desired action is the action with the highest expected value.
BEconomists would say that the enhanced greenhouse effect is a(potential) Pareto improvement over

the status quo, since those who would loose could, at least in principle. be compensated by those who

would gain from the enhanced greenhouse effect.
9As far as I know there is no study that has undertaken a full cost-benefit analysis of the effects of

the greenhouse effect on a world scale. See also hlunasinghe et al. (1996).
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In order to make cost-benefit analysis a workable tool for `real life' problems as well, it
has become customary within the economic profession to assume that costs and benefits
display a certain structure. While the benefits of pollution, e.g. the value of increased
output minus abatement expenditures, are assumed to increase with pollution at a de-
creasing rate, the costs of pollution, e.g. environmental damage, are assumed to increase
with pollution at an increasing ratero. Schematically, the situation can be depicted as
in Figure 1.1. From this figure it irnmediately follows that at a pollutiorr level, P', the
welfare of society is maximised. At this level of pollution, called the optimum, the mar-
ginal benefits of pollution are equal to the marginal costs of pollution. If the level of
pollution is less than, P`, the marginal benefits of an extra unit of pollution are larger
than the marginal costs, and hence, it is beneficial to `produce' the extra unit of pol-
lution. A similar argument holds for pollution levels greater than P", but then it will
be beneficial to reduce pollution with one unit. Diagrammatically, the marginal benefit
and cost curves are depicted in Figure 1.2.

The rationale behind the shape of the benefit and cost curves reflects the idea of dimin-

ishing returns to scale (e.g. Munasinghe et al. 1996). For the benefit curve the logic

behind the idea of diminishing marginal costs can be derived from the idea of the `merit

order'. This ranks all available options to reduce pollution on the basis of their cost from

low to high cost alternatives. The shape of the benefit curve can then be obtained from

the fact that: (i) society can choose which of the available options it would like to carry

out first; and (ii) society maximises welfare and, consequently, it chooses the cheapest

options first. When these conditions are satisfied, it is easily shown that the marginal
benefit curve satisfies the property of monotonicity and that the benefit curve itself is
convex.

For the shape of the cost curve, the greenhouse gas damages, the rationale seems less
clear. Munasinghe et al. (1996:152) remark that `similarly, the marginal benefit (avoided
greenhouse gas damages) falls as emission levels are reduced', but offer no further
justification'r. Indeed just a few lines further they say that `the environmental dam-

loIt is of course possible to employ a different categorisation of `costs' and 'benefits'. For example,
`costs' could depict abatement expenditures, while `benefits' could depict the value of increased output
minus environmental damage. However, this will not change the nature of the analysis.

11Munasighe et al. (1996) speak of benefits of reducing pollution in stead of costs of increasing
pollution.
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Damage

~ Pollution

Figure 1.3: A Non-Convex Darnage Function

age function may be discontinuous and nonconvex'.12. Although they are aware of the

possibility that the damage curve may display important non-convexities, most of their

analysis is based on the assumption that non-convexities are absent in both the benefit

and the cost curve.

One of the most comprehensive analyses using the methodology of cost-benefit analysis

has been performed by Nordhaus (1994b). With his DIC)rmodel he has tried to cal-
culate an optimal path for both `capital accumulation and GHG-emission reductions.'13
According to Nordhaus (1994b) `the resulting trajectory can be interpreted as either the
most efficient path for slowing climate change given initial endowments or the competi-

tive equilibrium among market economies where the externalities are internalized using

12Munasighe et al. (1996) also remark that the benefit curve may also show important non-convexities

due to economies of scale of abatement costs (e.g. mass production of solar photovoltaic cells).

13DICE is an abbreviation of Dynamic Integrated model of Climate and the Economy.
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the appropriate social shadow prices for GHGs.' In his model Nordhaus explicitly takes

into account damages resulting from climate change. This is done through his `damage

equation', where damages are a convex function of temperature'Q. In his book on global

warming Nordhaus states that `estimating the damages from greenhouse warming has
proven extremely elusive' (Nordhaus 1994b:18). Nevertheless, he chooses a convex dam-

age function on the grounds that `there is evidence that the impact increases sharply

as the temperature increases, and we assume that the relationship is quadratic' (Nord-

haus 1994b:56). But from the fact that the impact increases sharply as temperature

increases, one cannot conclude that the damage function must be convex. This is made

clear by a look at Figure 1.3, where damage increases sharply at the threshold level, but

the damage function is non-convex nonetheless.

To my knowledge these two examples reflect the usual practice in the economic litera-

ture. When economists analyse the impact of global warming on human welfare they

either assume right away that the damage function is convex, or they mention that

the damage function cnay exhibit important non-convexities, but use a convex damage

function nonetheless. Either way, they do not offer a rationale for their choice. One

may wonder why economists working on the issue of global warming have ignored non-

convexities. One possibility is that of mathematical convenience. Non-convex damage

functions are much more difficult to analyse than their convex alternatives. In Nordhaus'

words `it is necessary to keep these equations [the damage equations] simple so that the

theoretical model is transparent and the optimization model empirical tractable' (Nord-

haus 1994b:14). Another possibility is that to their opinion non-convexities are not
important for the analysis of global warming. The recommendations they are making

would not be affected in any way. The main purpose of this thesis is to show that econo-
mists have been wrong in neglecting thresholds when they are analysing the economics

of global warming. Thresholds can be modelled with the usual mathematical rigour and,
yes, they are important for the analysis.

~QNordhaus (1994b) uses the following damage function: D(t)~Q(t) - B1T(t)B'. Here D(t) repre-

sents the damage from global warming; Q(t) gross world product; and T(t) the change in global mean

temperature.
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1.3 Non-convex Damage Functions and Thresholds

The relevance of modelling thresholds has been noted by economists since the early

fifties. Ciriacy-Wantrup (1952) stressed that safe minimum standards (S1VIS) could be

imposed in order to reduce the risk of overshooting ecological thresholds. Since that time

economists have continued to stress the importance of thresholds for a number of cases,

e.g. (Dasgupta 1982; and Perrings and Pearce 1994). At the same time the explicit

modelling of thresholds within a(dynamic) optimization frarnework has received far less

attention in the economic literature. The major exception to this rule are the rratural

resource models, especially fishery models, where non-convexities have played a major

rolels. These models have produced a remarkable conclusion indeed: an `economically

efficient' fishery may very well lead to the extinction of certain species of fish'6. Within

an efficient economy there is no mechanism at work that prevents the extinction of a

species at all times. The key to understanding this lie5 in the fact that investors in the

fishing industry will relocate their capital once the fish stock is exhausted. In economic

terms, they will find an alternative investment for their capital. Hence, there is no need

for prices to rise sufficiently in the prospect of exhaustion to prevent exhaustion of the

fishery stock (Conrad and Clark 1987).

Before turning to possible non-convexities in the damage function of the greenhouse effect

it is illustrative to define exactly what is meant by a threshold or non-convexity in the

damage function. A damage function that depicts the presence of a single threshold is

drawn in Figure 1.4. Three stages can be distinguished. In the first stage when pollution,

St, is lower than the threshold level, S', damage is low. In the second stage when the

level of pollution, St, is approaching the threshold level, S', damage starts rising sharply.

In the third and final stage when the level of pollution, St, is higher than the threshold,

S', damage remains high, but there is almost no further increase. The concomitant

marginal damage function shows a steep peak at the threshold level, S' (see Figure 1.5).

Marginal damage is high at the threshold level of pollution and low everywhere else.

If one draws the (marginal) benefit curve into the Figures 1.4 and 1.5, the problem of

the economist becomes clear immediately. The point where marginal darnages are equal

to marginal benefits may not be unique anymore, if it exists at all. It is also obvious

150ther cases where thresholds have been modelled explicitly are models describing scil acidification

(Aalbers 1993) and pollution of lakes.

1sEconomically efficient here means yielding the highest net present value.
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Figure 1.4: The Three Phases of a Threshold
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Marginal
Cost

0 Pollution

Figure 1.5: The Marginal Cost Function associated with a Threshold

from Figure 1.6 that the main question for economic analysis is not to determine the

point where marginal damage is equal to marginal benefit, but to determine which of

the points, where marginal damage is equal to marginal benefit, is the optimal one, Sl,

SZ or S3? Should one cross the threshold or not?

A complex environmental problem like the greenhouse effect may, of course, contain sev-

eral thresholds. Three prime examples of thresholds connected to the greenhouse effect

have been given at the beginning of this introduction: (i) the runaway greenhouse effect,

(ii) the disintegration of the West Antarctic Ice Sheet, and (iii) structural changes in

ocean currents. The question is, of course, what, if anything, we can learn from mod-

elling thresholds explicitly. What would be the new insights from including thresholds

in our models of global warming? In the remaining part of this section I would like to

highlight some of the major issues concerning thresholds.
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1.3.1 Thresholds under Certainty

When the level of pollution exceeds a threshold, a reaction of nature is triggered. As

we have seen in the previous paragraph, this reaction can be translated (mapped) into a

damage function (see Figure 1.7). Characteristic of a damage function associated with

a threshold is that there exists a maximum damage level, which represents the disutility

of crossing the threshold17. I will call this damage level the threshold damage. Let

v(S~) denote the disutility of environmental damage when pollution is St. The threshold

damage is then given by v(S')18, where S' is defined as the smallest level of pollution after

the threshold has been crossed19. Though each threshold has by definition a threshold

damage, nothing is said about the level of the damage. In principle, thresholds damages

can be small, medium or large. Suppose for the moment that both the impact and the

location of a threshold are known with certainty. Based on a cost benefit argument

the issue would be whether the benefits of exceeding the threshold are larger than the

increase in damage v(S'). If the threshold damage is small or medium, it may very well be

optimal to cross the threshold. If the threshold damage is large, it most certainly wil] not

be optimal to cross the threshold. In the special case that the threshold is catastrophic,

meaning that damage is infinite, it will never be optimal to cross a threshold. Notice

that under certainty the idea of prudence has no meaning. Under certainty, society

will know all the consequences of its actions before they take place. Hence, if a society

crosses a threshold under conditions of certainty, it does so, because it wants to cross

that threshold.

17From now on I will use the word disutility instead of costs or damages in order to denote the

detrimental effects pollution may have on welfare.
18See Figure 1.7. In the more general case that the damage is already larger than zero before the

threshold has been crossed, the threshold damage is defined as V(S') - u(So), where So is the pollution
level before the threshold is crossed.

19Notice that it will, in general, be impossible to give an exact (mathematical) definition of S".
However, the intuition should be clear. After the physical effects of crossing the threshold are worked

out, - for example, after the gulfstream has turned around -, damage will more or less stabilise itself
around a high level.
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Figure 1.7: The Threshold Damage v(S`)
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1.3.2 Thresholds under Uncertainty

The classical motive for prudence: learning

The classical motivation for prudence in the environmental economic literature was put

forward almost simultaneously by Arrow and Fisher (1974) and Henry (1974a, b). On

the basis of a two-period model they showed that if pollution leads to irreversible effects,

uncertainty leads to prudence: `if we are uncertain about the payoff of investment in

development, we should err on the side of underinvestment, rather than overinvestment,

since development is irreversible' (Arrow and Fisher 1974:317). The essential point,

as Arrow and Fisher put it, is that `the expected benefits of an irreversible decision

should be adjusted to reflect the loss of options it entails' (Arrow and Fisher 1974:319).

Keeping some of the options open to tomorrow, when the uncertainty rnight have been

reduced, makes the decision maker better off. More and better information has a value

which can be obtained by waiting with the exploitation of the environmental asset. This

value is called the quasi-option value. Although Arrow and Fisher were concerned with

land development, they noted that their results where applicable to irreversible pollution

effects as well. Their central message was: uncertainty coupled to irreversibility leads to

prudence.

Ulph and Ulph (1994a, b) showed that the Arrow-Fisher result is only applicable to a
special class of problems20. They show that what is known as the irreversibility effect
really consists of two effects: an irreversibility effect and a learning effect21. Although
the irreversibility effect always leads to more prudence, the learning effect does not. It
may equally give rise to more as well as less prudence. The crucial point is whether

the current period decision is reversible by the second period decision, i.e. whether the
irreversibility effect is not effective in the no learning case22. When the irreversibility
effect is not effective in the no learning case, the learning effect leads to less prudence
making the total effect ambiguous. But when it is effective, the learning effect leads to
more prudence and this is simply reinforced by the irreversibility effect.
The reason why Arrow and Fisher (1974) and Henry (1974a,b) reached the conclusion

20Epstein (1980) also provides sufficient conditions for the irreversibility effect to hold, but his condi-
tions can only be applied in a number of rather special cases.

21Notice that in this context learning means that information is revealed over time. This in contrast
to other parts in the economic literature, where learning ís used in the sense of learning 6y doing.

ZZThe irreversibility effect is not effective if emissions in the first period in the no learning case are

the same for both reversible and irreversible damage.
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that irreversibility combined with uncertainty would always lead to prudence, was that

in their cases the learning effect always pointed in the same direction as the irreversibility

effect. When, as in Arrow and Fisher (1974) and Henry (1974a), the investment decision

is discrete, or as a special case of this the utility function is linear, the first period decision

cannot be reversed by the second period decision. When, as in Henry (1974b), the utility

function is separable in the decision variables, the first period decision cannot be reversed

by the second period decision as well. Given that - in the case of the global warming

- decisions in earlier periods may very well be reversed by decisions in future periods,

uncertainty coupled to irreversibility does not necessarily have to lead to prudence.

A new motive for prudence: catastrophic thresholds

Although learning has received a lot of attention in the (environmental) economic litera-

ture, I would like to argue that in the case of thresholds there is little to nothing we

can learn. Before giving my arguments, let me sketch the consequences for the decision

problem, if my claim is correct. When there is no possibility of learning anything about

thresholds, both the irreversibility effect and the learning effect are absent. Whether

or not society should be prudent in the presence of a catastrophic threshold, cannot be

answered on this account23. But prudence may also be motivated by the possibility of a

catastrophic event itself. This is the case if all of the following three conditions are met:

Assumption 1.1 The threshold damage, v(S'), is much larger, possible infinite, than

the level of utility, i.e. dt : D` - v(S') 1) u(ct);

Assumption 1.2 There exists uncertainty about the location of the threshold;

Assumption 1.3 Crossing the threshold is an irreversible event at least on any reason-

able (human) time scale..

If the assumptions 1.1 - 1.3 are met, society would like to avoid at all cost the risk of

crossing the threshold. To see this, suppose that society's a priori information on the

location of the threshold is given by a probability density function, ~r(B), with support

[Bmini B~~. If the disutility of crossing the threshold, D`, is infinite or extremely highz4,

23In Chapter 4 the case of non-catastrophic thresholds will be analysed as well.
24Society could either know the threshold damage with certainty, or could have an a prioriprobability

density function, ~(D), on all possible outcomes with support (D„i~n,D"`aT]
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society would like to keep pollution below Bmt,l at all times25. Hence, in a situation

characterised by irreversibility and uncertainty prudence may also be motivated by the

presence of a catastrophic threshold.

It is the unique combination of these three conclitions which makes society prudent in

its environmental policy. A violation of one of the assumptions 1.1 - 1.3 may lead to

the adoption of a less prudent environmental policy. When assumption 1.1 is violated,

crossing the threshold is not important enough. The event is, at least in utility terms, not

so `catastrophic'. This means that the expected benefits of crossing the threshold may

well be larger than the expected costs of doing so. When assumption 1.2 is violated, the

location of the threshold is known with certainty. In this case the problem has dissolved

itself: society cannot cross the threshold by accident and hence there is no need to be

prudent26. When assumption 1.3 is violated, society can `reverse' the catastrophe by

decreasing the level of pollution. In this case society might, for instance, adopt a trial

and error policy. It may want to let pollution rise, until it notices that a threshold

has been crossed with catastrophic consequences. If it reduces pollution in time, the

(negative) impact on utility will only be temporarily. In this case the total damage that

arises over time can be limited. Of course, nothing is said about the optimality of these

policies. The only point I am making here, is that if any of the assuinptions 1.1 - 1.3 is

violated, it may be optimal to risk crossing the threshold.

To my knowledge, no one has yet accessed the magnitude of the effect a catastrophic

threshold on environmental policy, at least not under uncertainty. But in one of the runs

of the DICE - model Nordhaus (1994b) considers the effect of a steep rising damage func-

tion on society's optimal policy. The function used by Nordhaus leads to modest costs

if temperature rises by less than 3 degrees Celsius, but to huge costs when temperature

rises by more than 3 degrees Celsius. To give an idea, if global mean temperature would

rise by 3.5 degrees Celsius, this would cost 60 percent of global mean output. Nord-

haus reports that `the impact of the catastrophic threshold is surprising. The impact

on greenhouse policy is relatively modest in the early period (...] However, both the tax

and the control rate [percentage reduction of GHG's] rise sharply in coming decades to

ZSTechnically, this is only true if for probability density functions rr(B) and ~(D) for which there

exists no e 1 0 such that Pr{x c Xmas - e} - 1. That is, Xma~ does not occur with probability zero.

But this will not affect the generality of my point.

Z6Chapters 2 and 3 deal with this question in more detail.
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keep society away from the threshold' (Nordhaus 1994:115)27. Although Nordhaus does
not run a probabilistic version of catastrophic climate change, the effects are likely to be
similar. If at some level of pollution the possibility of the runaway greenhouse effect is
larger than zero, there exists a strong tendency for society to stay below the lowest possi-

ble location of the threshold28. In the extreme case that society attaches a utility level of
minus infinity to the runaway greenhouse effect, pollution should stay below any level at
which the possibility of a runaway greenhouse effect is larger than zero. What happens
is that the presence of a catastrophe 'dominates' the decision making process. All other
information about cost and benefits becomes completely irrelevant. The presence of a
threshold means that society should adopt a very prudent environmental policy.

Why learning may not be relevant for global warming

The primary economic motive for learning is that it provides the decision maker with

better quality information. With the information the decision maker will be able to

obtain a higher expected utility level than without the information. The expected value
of the information will be positive and is related to the expected gain in utility. One is
willing to pay more for valuable than for not so valuable information. When the expected
value of the information is zero, the information that can be obtained, will be useless

in the sense that the decision maker is not better of with than without the information.

From an economic point of view, he might as well not have acquired it.

Now suppose that we are trying to learn something about a threshold, what would
the decision maker like to know? First of all, he might want to know the impact of

crossing the threshold. Does the runaway greenhouse effect lead to a real catastrophe

which destroys human utility or perhaps even human life, or is its impact more limited?
Second, he might want to know something about the location of the threshold. What
is its probability distribution, or in the case of certainty where is it located? Third, he
might want to know if crossing the threshold is irreversible and, if not, on what time
scale it is reversible.

27Italics are mine.
ZsThis is only true of course if the effects of pollution are not reversible. If the effects of pollution are

reversible then one could simply reduce the stock of pollution after the threshold has been crossed and,
consequently, has been identified. However, most effects of pollution in the greenhouse house effect are,
at least on a human time scale, irreversible.
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Kolstad (1996) considers active learning in the case of the greenhouse effect29. By varying

the stock of GHG's society obtains information about the relationship between GHG's

and global mean temperature. Kolstad observes that `one learns most rapidly by having

large values of M[the stock of GHG's]; however that may also be costly because of the

disutility of M. Thus there is a tension between learning more rapidly and reducing the

disutility of M' (Kolstad 1996:26). The reason why one learns more rapidly at high

values of the stock of GHG's is that the signal to noise ratio improves30. We have seen

before, see page 18, that the presence of a catastrophic threshold under conditions of ir-

reversibility and uncertainty leads to prudence. When the information on the location of

the threshold is given by a probability density function, ~(T), with support [B,,,in, Bmax]

and the disutility, D', of crossing the threshold is high enough, society would like to

keep pollution below Bmin at all times. Learning about catastrophic thresholds can only

affect society's decision, if society can learn that the minimum level at whi.ch there is

a positive probability of crossing the threshold has changed, for example from B,,,Zn to

B;,,in. Any other type of learning with respect to catastrophic thresholds is irrelevant

for the decision and has no economic importance whatsoever.

The question is whether we can expect to learn this kind of thirrg about catastrophic

thresholds. I will argue that this is not the case. My claim is based on the observation

that the specific (non-linear) relationship between pollution and damage at the threshold

makes learning unlikely, if not impossible. Before proceeding note that, if rny argument

is correct, the implication is that pollution has to stay below B„~in at all times. Hence,

the economists' recommendation, which is based on CBA, would necessarily have to be

that the level of GHG's in the atmosphere should be reduced to pre-industrial levels as

soon as possible. These are the only levels of B,,,in for which we know with certainty

29Kolstad also considers two other cases: passive learning and purchased information. If learning

is passive, information arises as manna from heaven. The papers of Arrow and Fisher (1974), Henry

(1974a,b), Epstein (1980), Freixas and Laffont (1984). Ulph and Ulph (1994a,b) and Kolstad (1996b)

all are in this tradition. If information can be purchased, the information is private. Note that, in

principle, private information may have been obtained by both active and passive learning. For global

warming neither passive nor purchased information seems to be relevant.
aoKolstad is not explicit about the variance of the error term. The signal to noise ratio depends on

the size of the vaziance of the error term, o. in relation to the level of GHG's in the sample period,

max~-i~oTM~. It is obvious that if the variance of the error terms increases when the stock of GHG's

increases, that is when o- f(NI~), where f'(D~I~) 1 0, the signal to noise ratio need not improve and

might even decline.
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Figure 1.8: The Impossibility of Learning

that a runaway greenhouse effect is not caused by human activity.

The claim is that the nature of the relationship between pollution and damage at thres-
holds makes learning nearly impossible. Remember that in the case of thresholds this
relationship is highly non-linear. To see what implications this has for learning, let us

take a look how learning is envisioned in the literature. The simplest case arises when

the relationship between pollution and damage is linear in the variables. Kolstad (1996)
uses the following simple relationship to illustrate his point: v(St~l) - Q ln St f Et31

In this metaphor, active learning occurs by varying the stock of GHG's at time t, St,
observing the level of damage at time t -~ 1, v(Sttl) and regressing ( or using another
permissible technique) v(S~tl) on St to determine ,Q. If the relationship is indeed linear,
one will obtain useful information about ,Q32. Now suppose that Sn`ay is the highest level

alActually Kolstad uses a relationship between global mean temperature, instead of damage, and the

level of GHG's in the atmosphere, but this does not affect his nor my point on learning.
32However, as observed before learning is not costless, since high values of S~ imply high damage
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of pollution obtained during the learning process. Then one can `learn' something about

pollution levels beyond Sn`n2 by assvnzing that the same relationship holds also for levels

of pollution larger than S~`a~33. And there is the rub. By definition, the relationship

between pollution and damage changes completely, when the threshold is reached. Even

if one would know the shape of the curve, one would obtain empirical data only on the

lower part of the curve (see Figure 1.8). Without other information, on for example the

shape of the curve, it is impossible to learn anything about the upper part from the

lower part. We have seen that as far as catastrophic thresholds are concerned, learning

is only relevant when we can learn something about the earliest possible location of the

threshold, B,,,in. Given that we cannot extrapolate in the case of thresholds, the only re-

maining way to learn is to actually cross the threshold. But in the case of a catastrophic

threshold this is the least desirable option of all.

That our present ability to predict thresholds is still in its infancy, is confirmed by the

fact that most scientific papers on climate change do not mention thresholds at all. And

if they do discuss the topic of thresholds they always conclude with remarks similar

to `not much is known about thresholds' and `possible surprises cannot be ruled out'.

The IPCC's second assessment report is no exception to this rule. Only a few pages

of the IPCC report, out of the 1900 or so, are devoted to the problem of thresholds.

Although the research, that has been done, helps to shed some light on the mechanisms

of t.hresholds, it is an order of a degree more difficult to predict what will happen if

thresholds are crossed, and even more important, where they are located. Yet, it is

this information that is crucially needed. But none of the papers I have found in the

environmental economic or in the global warming literature, even claimed to have ad-

vanced our understanding in that way. To the contrary, the IPCC warns that present

climate models will become more and more unreliable as the concentration of GHG's in

the atmosphere rises beyond the `boundaries of empirical knowledge' (IPCC 1996a,b,c).

And at. high concentrations of GHG's `it becomes more likely that actual outcomes will

include surprises and unanticipated rapid changes' (IPCC 1996c:5).

To summarize, the only option we have in order to learn about a catastrophic threshold,

levels v(Si~i).
33My argument has some similarity with the Lucas critique (Lucas (1977)). The similarity is that

when forecasting you have to assume that the underlying pattern of the relationship between two or more

variables does not change. Lucas' point was that the relationship between variables in a macro-economic

model does change, because agents change the way they behave after a shift in policy.
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is to cross it. Given that some of the feedbacks of the climate system may have lead
times up to a thousand years34, this means that the required information, even for current
levels of pollution, will not become available until the year 3000 or so. From a practical

point of view this means that the uncertainty concerning the location of the thresholds

cannot be resolved. Learning what we need to know about thresholds is and will remain

virtually impossible. Any decision making process will have to take account of this.

1.4 Outline of the rest of this thesis

This thesis consists of four chapters on the topic of thresholds. Chapter 2 deals with
the issue of a truly catastrophic threshold. Society has perfect information on both

the location and the impact of crossing the threshold. The assumption is made that

crossing the threshold will result in the destruction of all human utility on earth (which

is not the same as the destruction of all human life on earth). On the basis of a simple

neoclassical growth model the question is posed under what coiiditions society would

like to cross the threshold, and hence, initiate a catastrophe. The trade-off for society

is to have a relatively low consumption level for an infinite period of time, or to have
a relatively high consumption level for a short period of time. Perhaps surprisingly,

it turns out that the doomsday scenario may be optimal (in the sense of maximizing

human utility). Chapter 3 extends the analysis of the second chapter by allowing society

to spend resources either on consumption or on abatement.

In chapter 4 the assumption of certainty of information about both the location and the

impact of a threshold is relaxed. Instead it is assumed that a society has information -

in the form of a probability density function - about both the location of the threshold

and its impact. What then is the optimal strategy for that society? In addition, it will
be analysed how society's optimal strategy changes, if the uncertainty increases. We will
see that if uncertainty about the impact of the threshold increases, society's strategy
will become more prudent. Moreover, I wíll argue that any form of cost-benefit analysis
must - whenever thresholds cannot be excluded a priori from the analysis - necessarily
be based on arbitrary, in the sense of non-empirically verifiable, assumptions about the
shape of the damage function. Finally, I will examine the case in which society has
not enough - quantitative or qualitative - information in order to obtain, or estimate,

3aSee the discussion on pages 2 and 3.
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a probability density function about the threshold, i. e. t.he case in which society is

ambiguous.

In the final chapter 5 I will take a closer look at the decision making process in cases

where, as a result of an increase in pollution, the probability of dying increases, or

equivalently, the survival probability decreases. Given that the benefits of pollution, in

the sense of an increase in the consumption possibilities, and the costs of pollution, in

the sense of a lower survival probability, are not shared equally by all individuals, the
question arises how society must balance increased consumption opportunities of some
individual(s) against the increased probability of dying of other individual(s). I will
call this problem the life-externality problem, and will analyse it from the point of view
of four so-called `theories of justice', the neo-classical approach, utilitarianism, liberal
equality and libertarianism. Special attention will be paid to the way in which each of

these theories balances the diverging interests of the people involved. In this respect I

will look whether or not the allocation proposed by each of these theories matches our

intuitive sense of right and wrong. At the end of this chapter a list of seven criteria will

be presented that have to be met, if an allocation is to be called fair.



Chapter 2

Thresholds under Certainty

2.1 Introduction

In the previous chapter some implications of catastrophic thresholds for environmen-

tal policy have been discussed. The key observation there was that the presence of a

catastrophic threshold will lead to extreme prudence, if the threshold damage is large

compared to the level of utility. To cross a threshold under those circumstances should

be avoided at all times and at all cost. In case the location of the threshold is known,

society should not exceed the pollution level associated with the threshold. In case the

location of the threshold is unknown, society should keep the level of polltition below

the lowest level at which there exists a positive probability that the threshold can be

crossed.

The crucial assumption underlying this observation is that crossing a threshold gives rise

to a huge or infinite drop in the utility level (see assumption 1.1). In that case the drop

in utility ís, by construction, large enough to prevent society from crossing the threshold.

Although the assumption can, for example, be defended on the basis of stewardshipl, the

assumption is rather extreme2. Moreover, it precludes any economic analyses, because

IStewardship is the conviction that all life on earth is a gift from god, and that it is the duty of

mankind to look after this gift in a proper way.
20f course, different people may attach a different disutility to crossing a catastrophic threshold. For

some the disutility may indeed be infinite, whereas for others it may be much smaller. Common sense

would say that the society's disutility should be linked to the disutility of its members. Most economists

would say that the (potential) Pareto criterion should be used to determine society's valuation of crossing

the threshold. Others may object to this on `rawlsian' grounds and say that crossing the threshold may
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the costs of crossing the threshold will be too large anyway.
Barbier and Markandya (1990) make a less extreme assumption on the threshold damage.
In the framework of a general equilibrium model they assume that crossing the threshold

causes the destruction of human utility. This means that the damage associated with
crossing the threshold is equal to the level of utility itself, i.e. u(ct). Hence, the damage
function of Barbier and markandya, vb,,,(St), is given by

-~ 0 ,ifStcS',
vb,,,(St)

u(ci) , if St 1 S'.

Compared to the definition on threshold damage in chapter 1(see assumption 1.1) Bar-
bier and Markandya's threshold damage is smaller: v(S') )) v,(c~) - vy,,,(S'). It is,

however, still sizeable. The interpretation of the assumption on threshold damage by

Barbier and Markandya is that the consumption of goods yields no utility after the

threshold is crossed. Finally, notice that vb71(St) is a non-convex utility function.

Using vb„~ as damage function, Barbier and Markandya show that under certain condi-
tions crossing the threshold may be an optimal policy in the sense of utility maximisation.
Thus the fact that human utility is destroyed after the threshold has been crossed, does
not mean that society should stay away from the threshold at all times. But, as Barbier

and Markandya show, crossing the threshold is an optimal policy, only if the initial level

of pollution is larger than some `trigger' level of pollution3. Only societies that already

have a poor environmental capital stock, or are already highly polluted, may voluntarily
choose to cross a catastrophic threshold.

In this chapter I will follow Barbier and Markandya and assume that, if the level of
pollution exceeds the threshold level, a catastrophic event will occur. But in contrast to
Barbier and Markandya, I assume that the destruction of human welfare does not happen
until some time has passed after the threshold has actually been crossed. This reflects

violate somebody's basic rights. Here, I do not attend to problems of this kind and assume that society
has a unique undisputed valuation for crossing the threshold. For a discussion of aggregation in the case
of catastrophic thresholds see chapter 5.

3Barbier and Markandya use environmental quality instead of pollution as a stock variable. Their
condition for extinction to be optimal is that the initial level of environmental quality must lie below
a certain minimum level. A little notation may be helpful. Let Q, Q1 and Q denote respectively
the threshold level of environmental quality (comparable to S' in my notation), the initial level of
environmental quality and the minimum level below which society will opt for 'extinction'. Barbier and
Mazkandya's condition for extinction to be optimal is that Q G Q1 C Q.
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the inertia of the ecosystem: physical reactions take time to evolve. This delay exists,

because the trillions and trillions of chemical reactions which cause global warming take

time, real time, to happen. Hence, it will take a month, a year, a decade or a century

before the ecosystem reaches its new equilibrium.

With respect to this delay the question might arise whether mankind is able to influence

its size. Although this possibility cannot be excluded - one may think of the (unproven)

techniques referred to by term `geo-engeneering' -, it seems highly unlikely. Therefore,

it is assumed that it is impossible to change the size of the delay. The research question

of this chapter can now be summarised: given that a rational and forward looking agent

knows both the location of the threshold and the size of the delay, will he decide to

cross the threshold or not?4 The structure of this chapter is as follows. In section 2.2

an assimilation function is introduced, that characterises a threshold. In section 2.3 the

decision of a social planner, who faces a catastrophic threshold, is analysed in the context

of a simple general equilibrium model. Section 2.4 described how the social planner's

optimal policy can be implemented in a market economy. Special attention is thereby

given to the role of taxes and the interest rate. In the final section the conclusions are

presented.

2.2 Modelling a Threshold

Within most environmental problems thresholds arise in combination with ordinary dam-

age patterns. In the previous chapter I have argued that besides the damage associated

with a rise in global mean temperature, damage may also occur because society crosses

a threshold. In that case the marginal damage function will show at least one steep

peak. A possible damage function, and its concotnitant marginal damage funetion, are

depicted in the Figures 2.1 and 2.2 respectively. Since the damage function depicted in

these Figures is non-convex, society's objective function will be non-convex as well. It

is therefore necessary to simplify the damage function depicted in Figure 2.1 in a way

such that (i) its essential characteristics are preserved and (ii) mathematical analysis on

the resulting model will be possible. In my view the essential characteristic of a thres-

hold is the steep increase in the level of damage around the threshold level of pollution.

Therefore, I make the following assumptions:

4This assumption of certainty wíll be relaxed in chapter 4.
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1. There exists only one threshold.

2. All damage occurs at the threshold itself. That is, at the threshold a discontinuous
jump in the level of damage occurs. Before the threshold is reached and after it is

crossed damage remains at a constant, albeit different, level.

3. Human utility, zl(c~), is destroyed r periods after the threshold has been crossed.

Graphically, the damage function is depicted in Figure 2.3. The third assumption rep-

resents the inertia of the ecosystem. When I pollute now, it will take a month, a year,

a decade or perhaps even a century before I am confronted with the consequences of my

actionss.

Let c~, ct, c~ be respectively total consumption, polluting consumption and nonpolluting

consumption in period t. Then ci - ct -~ ct. Let o be the rate at which polluting
consumption, ct, is polluting. The flow of pollution in period t, i.e. the amount of

pollution that is emitted in period t, is then given by c~ct - a(ct - c~). Let So be the

initial level of pollution. The cumulative level of pollution in period t, which is called

the stock of pollution, is then given by

St~i - S~ f a!ct, t- 1, 2, ... ( 2.2.1)

For sake of simplicity, the level of nonpolluting consumption is assumed to be fixed.

This level of non-polluting consumption will be referred to as the level of pollution free

consumption (LPFC). With respect to global warming one can think of the amount of

consumption that can be produced with electricity generated by hydro facilities. The

amount of electricity produced by hydro facilities is limited as the number of sites suitable
for hydro power is limited.
Of course, equation (2.2.1) considerably oversimplifies the dynamics of the stock of

GHG's in the atmosphere. The main simplification is that the environment itself does not
assimilate pollution. Once pollution has been released into the atmosphere, it remains
in the atmosphere forevers. But, this simplification will not change the main conclusions

SSee chapter 1, footnote 2 for a discussion on the magnitude of the delay for the global warming

problem.
sAssimilation can be represented in an indirect way, however, by lowering the value of a. Suppose

that one unit of consumption causes five units of pollution, that is p~ - 5c~, and that roughly two-fifth
of pollution is assimilated. A crude way to represent this is to take as assimilation function pf - 3c~

instead of pi - 5c.
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Costs

0 Pollution

Figure 2.1: A General Damage Function
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Costs

0 Pollution

Figure 2.2: A General í~íarginal Damage Function

that can be drawn from the analysis'. Intuitively, this can be seen as follows. Whenever

the society has reached the threshold, S', the essential trade-off for society is whether

or not total pollution should be kept below the total assimilative capacity in that pe-

riod. And although the numbers would change with different assimilation functions, the
nature of the trade-off remains unchanged: does society limit pollution to the amount

the environment can assimilate, or does it pollute more and, hence, does it cross the

threshold?

An alternative way to represent the threshold damage is to introduce the notion of buffer

or quota. Let B~ - S' -Si. Then Bt denotes the amount that, at the beginning of period

t, can still be polluted without crossing the threshold. The equation of motion for the

'For an analysis of how a change in the dynamics of assimilation affects the optimal path in the

context of a simple growth model, see Cesar and De Zeeuw (1995). For a review of the different

assimilation functions that have been used in the literature, see Cesar (1994).
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Costs

0 Pollution

Figure 2.3: Approximating a Threshold
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buffer, B~, generally called the assimilation function, becomes

Beti - Bc - Pe, t- 1,2,... (2.2.2)

where pi is the flow of GHG's at period t, which is equal to aci. Before proceeding let me

introduce some terminology. A feasible path of pollution is called Physically Sustainable

(PS) if society does not cross the threshold. A feasible path of pollution is called Non

Physically Sustainable (NPS) if society does cross the threshold at some moment in

time8. Formally, we have that a path is called

PS ,if b'~ : Bt ~ 0(~ S~ C S`)

NPS ,if3~:BtcO (t~S~1S')

From this definition it follows that every consumption path is either Physically Sustain-

able (PS) or Non Physically Sustainable (NPS), which tells you simply that either the

threshold is crossed or not. Because crossing the threshold is an irreversible event it is

possible to distinguish the following three phases over time

Phase One : Bt 1 0, t- 1, 2, . . . T, and possibly,

Phase Two : Bt - 0, t - T-{- 1, ..., T, and possibly,

Phase Three : Bt c 0, t- T~- 1, ..., T-~ T f 1.

Here T denotes the time that is needed to reach the threshold, T the time at which the

threshold is crossed, and T~ r the time after which human utility will be destroyed.

I will call these times respectively, the bufler depletion time, the buffer crossing time

and the catastrophe time. All times are depicted in Figure 2.4. By definition the buffer

crossing time is larger than the buffer depletion time: T 1 T-~ 1) T. Moreover, the

difference between the catastrophe time and the buffer crossing time, T, will be referred

to as the delay. It represents the amount of time between crossing the threshold and the

destruction of human utility (see page 30).

From the definition of a PS path it follows immediately that on a PS path the buffer

crossing time, T, is infinite: the buffer is never crossed. For an NPS path the buffer

SIn the literature the term `sustainability' is used to describe consumption paths that are PS and

additionally satisfy certain distributional criteria, e.g. d~ : c~ ~ ct-1 (see e.g. Pezzey 1989). In this paper

I will not be concerned with the intertemporal distributional aspects of sustainability. A sustainable

solution is simply a solution that is PS.
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Figure 2.4: The Buffer Times
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crossing time is finite: the buffer is crossed within a finite period of time. Mathematically,

the damage associated with the threshold can be represented as follows:

w(BL) -~ 0 , if t- 1, . .., T f T,

u(ci) , if t- T f T-~ 1, T-~ rf2,. ..
(2.2.3)

From the definition it follows immediately that w(.) is a non-convex and discontinuous
function. Equation (2.2.3) tells you that human utility will be destroyed T periods

after the threshold has been crossed. Note that w(.) is equal to the damage function

Barbier and Markandya (1990) used, vb,,,(.), up to the fact that damage does not occur

instantaneously, but after a delay T.

Finally, notice that although the depletion of the buffer in (2.2.2) is irreversible, which
mean that the buffer cannot be `recharged', the damage occurring because of this de-
pletion is not irreversible. As long as the threshold has not been crossed, the damage
remains at a level of zero. This changes when society decides to cross the threshold (in

this model: Bttl G 0 or Sttl ~ S'). In that case the damage becomes irreversible.

This reflects the fact that once a runaway greenhouse effect occurs, it will be virtually
impossible to do anything about it. Society just has to wait and see what happens.

2.3 The problem of the social planner

In this section the basic problem of this chapter, whether crossing the threshold can be
optimal, is dealt with from the point of view of a social planner. First, the basic economic
model including the threshold function (2.2.2) and its associated damage function (2.2.3)
is presented. The main question of this chapter, whether it can be optimal for society to
cross a catastrophic threshold, is analysed in section 2.3.2. Finally, the conclusions are
compared with a number of related results in the literature.

2.3.1 A simple model of the economy with environment

Let ct, pi, and k~ denote respectively consumption of the composite good, pollution and
the capital stock in period t, and 1BB the rate of time preference. Preferences of the
(representative) consumer are given by a utility function, v,(.), whereas the production
structure of the economy is characterized by a production function f(.). Both functions
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satisfy the usual assumptions of concavity and continuity as well as the Inada conditions.

Consumption generates pollution at a constant rate a. That is, there are no opportunities

for abatement or cleaner technologies. A reduction in pollution can only be achieved

by an equivalent reduction in consumption. The benevolent dictator has to solve the

following problem

T

Sr(c,T,T) - max~8`-'(u(ct) -w(Bt)) f BTSz(kT}1,T), ( 2.3.1)
cnT t-1

s.t. ktfl - kt -~ f(kt) - ct, t - 1, 2, . .., T, (2.3.2)

Betl - Bt - pt, t- 1,2,..., T, (2.3.3)

pt - max{c~ct - p~, 0}, t- 1, 2, ..., T, 9 (2.3.4)

kT~r ? 0, BT~r - 0, kl, and Br given. ( 2.3.5)

Here Sz(kTf1iT) is defined as follows

T-1

S2(kTt1,T) - max ~ B t-T-1(1~(Ct) - w(Bc)) } BT T-rs3(kT,T), ( 2.3.~)
ce,T t-Tt1

s.t. kttl - kt f f (kt) - cf, t- T -f- 1, ..., T- 1,

pc~ct--, t-T~-1,...,T-1,
a

kTfl given, kT ) 0, BTtr - BT - 0.

Finally S3(kT, r) is given by

x
S3(kT,T ) - max ~ 9`-T (u(ct) - w(Bc))

t-T

s.t. kttr - f(kt) ~- kt - ct,

kT given, BTtI G 0,

kTtrtr ? 0, BTtTfI free.

9Here a change of variables has taken place. From (2.2.2) we had B~~1 - B~ - pt,

(2.3.7)

(2.3.8)

(2.3.9)

(2.3.10)

( 2.3.11)

(2.3.12)

(2.3.13)
where p~ -

aé~. We now drop the variables ct and ct and introduce p~i - ac~. Then the flow of pollution,

p~ -max{act - pc~, 0}. The LPFC is now given by ~.
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Because problem (2.3.1) -(2.3.13) displays a discontinuity between NPS and PS paths,
it cannot be solved by an application of standard dynamic programming techniques.

Therefore, the following procedure will be followed instead. First, solve (2.3.1) -(2.3.13)
under the requirement that the optimal path must be PS, i.e. T- oc. This gives us
the optimal PS consumption path cPS :- {cPS}~1. Then, solve (2.3.1) -(2.3.13) under
the requirement that the optimal path must be NPS, i.e. T c oc. This gives us an
optimal buffer crossing time TNPS c x as well as the optimal NPS consumption path
CNPS .- {CNPS}i lPS}T . In contrast to the original problem both subproblems can be
solved by standard dynamic programming techniques, since the problem is split in parts
`around' the discontinuity. The overall optimal solution is then determined by comparing

the utility on the optimal PS path, SI (cPS, TPS, oo) with the utility on the optimal NPS
path, Sl(CNPS TNPS TNPS) The solution of (2.3.1) -(2.3.13) is given by the optimal
PS path, if total discounted utility on the optimal PS path is higher than on the optimal
NPS path, and vice-versa.

It is assumed throughout the analysis that there are no other ways through which pollu-
tion affects the economy. Both the amenity and the productivity effect are assumed to be
absentto. Finally, we require the problem to be in line with two empirical observations.

One, in the unconstrained steady state the economy must be emitting GHG's into the

atmosphere, i.e. c~ ~ 0 for large t11. Two, the initial ]evel of pollution must also be
larger than zero, i.e. cl ) 0. This requirement is satisfied if the initial capital stock, kl,
is relatively large to the LPFC, ~.a

Non Physically Sustainable policies (T C oo)

As we have seen, an NPS path is characterized by the fact that society will cross the
threshold in a finite time. Hence, the buffer crossing time, T, is finite and human utility
will be destroyed from the beginning of period T-~ r-~ 1 onwards; on an NPS path a
positive level of utility can only be generated from period 1 to period T~ r. Application

loAlternatively, one could assume that an amenity and productivity effect do exist in the economy, but
that they are not strong enough to prevent, at least a priori, the crossing of the threshold. However,
this would only complicate matters and is therefore left out of the analysis. For cases in which the
amenity and~or productivity effect are strong enough to prevent a breakdown a priori see e.g. Vousden

(1973) and D'Arge and Kogiku (1973) as well as Kamien and Schwartz (1982) and Cesar (1994).
11The unconstrained steady state is the steady state of the economy (2.3.1) -(2.3.13) without envi-

ronment, i.e. without (2.3.3) and (2.3.8) and the terminal conditions on the buffer.
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of the maximum principle to (2.3.1) -(2.3.13) gives the following first-order conditions'~.

~(ot) - ~etl - ~Ftétl - al~étl - 0, t - 1, 2, . . . , TNPS f T

~~ - ~ttle, t - 1, 2, . . . , TNPS

F~TNPStI free, l~i - 0, t- T'NPS } 2, ..., TNPS } T

~t - ~ttl(1 ~ f~(~t))B, t - 1, 2, . .. ,TNPS ~ T

iittl - 0, t- 1, 2, ..., TNPS ~ 1, and t- 7NPS } 1. ..., TNPS ~ T

i1TNPS~rt1 ~ 0, (- 0, If ~C7NPS~rf1 ~ ~)i

( v
TNPS - argmax { ~Bt-lu(cNPS(v)) } BVS2(~vPS.7)~

- lt-1

v-1
7NPS - arg max ~ gtu(p~~a) ~ Bvs3(kv Ps

v]TNPStl
t-TNPS}1

}

(2.3.14)

(2.3.15)

(2.3.16)

(2.3.17)

(2.3.18)

(2.3.19)

(2.3.20)

(2.3.21)

Conditions ( 2.3.14) -(2.3.21) together with the equations of motion for the capital stock

and the buffer as well as condition (2.3.8) determine the optimal paths of consump-

tion, capital and the buffer. (2.3.14) says that on the margin the utility of consumption

at time t should be equal to the benefits of delaying consumption for one period. On

the one hand, delaying consumption today means increased consumption possibilities

tomorrow. On the other hand, delaying consumption means all increase in total pollu-

tion, because the assimilative capacity is fixed. (2.3.15) and (2.3.17) display the usual

arbitrage conditions. Because the environment is not productive, its shadow price in-

creases at an exponential rate, é. The transversality conditions are given by (2.3.16)

and (2.3.19). Notice that they are given at different points in time. Finally, the opti-

mal NPS buffer depletion time, TNPS, and NPS buffer crossing time, 7NPS, are given

by (2.3.20) and ( 2.3.21).

12From non-satiation it follows that the agent will always consume at least the LPFC. ~. Hence it

is possible to drop the max expression in (2.3.3). In (2.3.14) -(2.3.21) at, ~t~ and ~C~ denote respectively

the shadow price of capital, the buffer in phase One and the LPFC in phase Two.
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Physically Sustainable policies (7 - oo)

The class of feasible PS paths is fully characterized by an infinite buffer crossing time,
i.e. phase Three is absent. Let k denote the minimum capital stock that is sufficient the

LPFC, ~-, i.e. f(k) -~. The Hamiltonian for phase One and Two for the PS problem

equals the one of the NPS problem. But the transversality conditions for the PS case

will in general be different from those of the NPS case. The set of first-order conditions

for the PS case are given by (2.3.14) -(2.3.16) together with13

~c - ~1cti(1 f f~(kc))B, t - 1, 2, . . . , TPS, (2.3.22)

~TPS fl ? 0, (- 0, if kTrs~l 1 k), (2.3.23)

Eci - 0, t- 1, 2, ..., TPS f 1, (2.3.24)

TPS - argmaic { ~Be-lu(cPS(v)) ~ leveu(Pa )l ia. (2.3.25)
1t-1 J

Two cases can be dístinguished. Either the environment is the limiting production factor

(.~TPS~I - 0) or both the environment as well as the production capacity are limiting

production factors (~TPStI ~ 0)15. In the first case consumption is decreasing during
phase One. This can be seen from (2.3.14) - (2.3.17), which gives Bu'(cc) - u'(ct-1). At
the optimum the marginal rates of substitution and transformation must be equal across
all factors. Since the marginal rate of transformation of the environment is fixed (and

equal to one), this means that in the optimum all marginal rates must be equal to one.

The marginal rate of return on capital is zero: when the environment is the limiting

production factor, the economy behaves as if it were an exchange economy.

In the second case the equation of motion of consumption that can be derived

from (2.3.14) - (2.3.17) is

Bu'(c2)(1 ~ Ï~(ke)) - u(ce-i) f aFteÏ~(ke), (2.3.26)

13~p1~e ~NPS } T by 00 aRd TNPS by TPS

14In general the NPS buffer depletion time, TNPS, will differ from the PS buffer depletion time, TPS,

as can be easily seen by comparing ( 2.3.20) and (2.3.25). This follows from the observation that the

optimal NP5 consumption path will in general be different from the optimal PS consumption path.
1sRemember that the case in which the productive capacity is the only limiting production factor has

been excluded from the analysis. See page 38.
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which says that along the optimal path consumption in period t and t- 1 should be such

that the discounted marginal utility of consumption in period t times the rate of trans-

formation equals the marginal utility of consumption in period t- 1 plus the marginal

burden that substituting consumption between period t and t- 1 gives. The burden

arises, because on the one hand substitution of consumption enlarges the consumption

possibilities, while on the other hand total consumption is limited by the maximum size

of the buffer. The following propositions shed some light. on the characteristics of the

optimal path and the optimal buffer depletion time in the PS case

Proposition 2.1 During phase One it holds that once con.sumption starts decreasing

over time, it will stay decreasing over time, i.e. if ct G c~-1 then d9~t : c9t1 G c,,.

This means that when ~TPSt1 - 0 consumption will be constantly decreasing, whereas

when ~TPStI ) 0 the trajectory will be single peaked. In the first case the proof is

straightforward and will be omitted here. In the second case, suppose that c~ G c~-1 and

ctfl ~ cf. From ( 2.3.26) evaluated at period t and t ~ 1 and (2.3.15), it is possible to

derive that

Bu'(ct)(f~(ke) - .i'(kcti)) G a licti(.Í~(kt) - f~(ktfi))-

First assume that f'(kt) - f'(kitl) 1 0, i.e. Bu'(c~) G a~,~tl. This gives

(2.3.27)

Bu'(ceti)(1 } f~(kcti)) - u(ce) ~ al~etiÏ~(keti) ~ Bu'(ceti)(1 f f~(kef~)), (2.3.28)

which is a contradiction. Second, assume that f'(kt) - f'(kttl) G 0, i.e. Bu'(ct) ) ap,ifl.

Then

u (cett) - u (ce) - (u~(ce) - ~(ccti))f~(keti) f B 1(~ (cs) - ~ (cc-1)) f

~(ce)(f~(kt) - f~(k~ti)) f aB-i(l~etif~(kefi) - F~ef~(kr)) 1

(u (~) - u'(~t~))f'(k~t~) f B-'(u'(et) - u'(~-~)) ~-
a(1 - 6)B-ip~fi f'(ki) ) 0

again leading to a contradiction.

Proposition 2.2 The optimal PS buffer depletion time, TPS, is finite.
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In both cases the proof is an indirect one. First, consider the case where ,~TPStI ~ 0.
Suppose that TPS - oo. We have that ct -~ ~ and k~ -~ f-1(~-) as t-~ oo. But this
leads to a contradiction, since from (2.3.15) we have pt -~ oo as t-~ oc. Thus (2.3.26)
cannot hold for all t, meaning that TPS must be finite. Second, consider .~TPS}1 - 0.
Again suppose that TPS - oo. Rewriting the first order conditions we get

~}i - (~)-1(B-t u~(ci)), (2.3.29)

which means that along the optimal path consumption will go to zero as t goes to infinity.
But this cannot be an optimal policy. Since capital is abundant, the consumer could have
chosen to consume a higher level of consumption, namely the LPFC without crossing
the threshold. This contradicts the fact that the policy given by (2.3.29) is optimal.
Hence TPS must be finite.

2.3.2 Comparing the candidate optimal solutions

In Figure 2.5 possible trajectories of the optimal PS consumption path and the optimal
NPS consumption path have been drawn. Because of the discontinuity at T- oo it has
not been possible to solve (2.3.1) -(2.3.13) integrally. The following proposition does,
however, shed some light on the characteristics of the (overall) optimal consumption plan

Proposition 2.3 For the econorny (2..i.1) -(2.3.1~i) the optirnal consurnption path is

(Z) Ps, ZJ S3(~I'NPS}1fT) C lig~(~),

(22) NPS, 2f S3(I~TPSt1iT) J llgu(~-).

The proof is given in appendix A. The intuition is clear. If at time TNPS (TPS) on the
optimal NPS (PS) path, the remaining discounted utility resulting from that optimal
NPS (PS) policy is less than the remaining discounted utility of diverging to a sub-

optimal PS (NPS) path, the optimal NPS (PS) path cannot be optimal. Note that you

will want to diverge from the optimal NPS (PS) path if the capital stock on the NPS

(PS) path is relatively low (high). But proposition 2.3 does not give an answer to the

question whether the optimal NPS (PS) path can ever be the overall optimal path. It
only gives you a condition for the optimal NPS (PS) path to be the overall optimal

path. Only in the rare case that kTNPS~l - kTPS}1 is the threshold problem completely
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~(P~ -P~~)
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0 T.,PS TvPS ~ t TNs
Time

Figure 2.5: Examples of NPS and PS Pollution (Consumption) Paths

solved by proposition 2.3. But in general this requirement will not be met. However,

the following proposition does solve the original problem.

Proposition 2.4 Consider a society with given tastes and production opportunities.

Then there exists delays, r and T, with 0 G r G T, such that

(i) for T c T the opti~nal policy is PS,

(ii) for T) T the optirnal policy is NPS.

This follows directly from proposition 2.3, the continuity of , S3(., T), the fact that

S3(.,0) c 1'BU(~-) c S3(.,o0), and as~'T , 0. Another importance parameter deter-

mining whether extinction will be optimal is the rate of t.ime preference.
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Proposition 2.5 If a society cares `su,f~iciently' for the future, in the sense that its rate
of time preference, 'ée, is small enough, its optimal consumption plan will always be PS.

This follows from the fact that lirrieyl Sl(cNPS TNPS TNPS) ~ ~~d

lime-,1 Sl(cPS TPS ~) -~ls In table 2.1 some simulations results are presented
for economies with varying discount rates and varying environmental delays. Total dis-
counted utility of both NPS and PS plans were calculated for a number of parameter
setsl~. A few things are worth remarking. First, for a sufficiently large delay, T, the
optimal consumption plan is NPS. Second, for the rate of time preference sufficiently
small, the optimal consumption plan will be PS18. For example, when the delay is one

hundred years, the discount rate must be larger than 0.99 for the PS path to be the

overall optimal path. Notice that these results are in line with propositions 2.4 and 2.5.

Discussion

The basic idea behind propositions 2.3 to 2.5 is that a society that has reached the
threshold has to make the following decision: Do we stay below the threshold or do we
cross it? In case society decides not to cross the threshold, utility per period is limited
by the assimilative capacity of the environment to u(~), but this level of utility can
be `earned' for an infinite period of time. In case society decides to cross the threshold,
utility is limited only by the productivity of the economy, but it can be `earned' for r

periods at most. In the presence of thresholds the trade-off is not to have a marginal

increase in utility of some factor, e.g. consumption, at the cost of a marginal disutility
of another factor, e.g. the environment, but to have a high level of utility for a short
period of time or to have a low level of utility for a long period of time. Does society
destroy human utility or not?

1sThis is so, because by definition of a NPS plan TNPS ~ oo, and lim~-,~u(cPS) 1 0.
17The following functional forms and parameters were used: f(k) - O.l lk, u(c) - ln c, a- 0.001,

Bl - 250, p~ - 1. Here, it was assumed that the NPS solution equals the solution of problem (2.3.1) -
(2.3.13) without environment ( see also chapter 2, footnote 11). Hence, the reported discounted utility
may underestimate the `true' discounted utility. Flirthermore the initial capital stock was chosen such
that ~Ttl - 0.

laStrictly speaking, this can not be deduced from Table 2.1. Since the initial capital stock for which

aTtl - 0 varies, as B varies, it is not correct to compare the NPS figures for different values of B.

However, the figures presented here are in line with the true figures.
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V(c,T)
B NPS PS

T-25 T-SO T-1OO
0.91 104.1 105.7 105.9 102.1

0.92 115.7 118.3 118.7 113.4
0.93 130.3 134.5 135.3 127.9
0.94 148.5 155.9 157.9 146.9

0.95 172.7 185.2 190.3 173.0
0.96 205.2 227.9 240.3 211.5

0.97 249.8 293.0 325.3 274.0

0.98 315.8 400.1 488.4 395.3
0.99 429.7 595.7 859.2 743.2

Table 2.1: Simulation results
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Barbier and Markandya (1990) reached a similar conclusion. However, in their model

the destruction of human utility could be optimal policy only if the initial level of envi-

ronmental capital was already below a certain minimum level: `with a low initial level

of environmental quality, environmentally unsustainable economic growth may be an

optimal strategy' (Barbier and Markandya 1990:665). Proposition 2.4 shows that the

destruction of human utility may always be an optimal policy whatever the initial level

of environmental quality may happen to be. If the unsustainable economy, the NPS

path, can be `sustained' for quite some time, i.e. if the delay is sufficiently large, every

society will choose to cross a catastrophic threshold even when as a consequence human

utility will be completely destroyed. Hence, the crossing of a catastrophic threshold is

not a phenomena that can be observed in poor societies only, where 'poor people faced

with marginal environmental conditions have no choice but to opt for immediate eco-

nomic benefits at the expense of lung-run sustainability of their livelihoods' (Barbier and

Markandya 1990:667). It may happen in rich and poor societies alike. It is a consequence
of our choices, not of our initial situation. The prospect of a plentiful party may make

both poor and rich societies myopic. That the hangover of abundant consumption means

a total destruction of human utility, is thereby taken for granted.

That prices may not rise sufficiently in the prospect of extinction was shown by
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Clark (1976) in the framework of a partial equilibrium model. When the owner of a
resource stock has a high discount rate, it may be optimal for him, in the sense of profit
maximisation, to exhaust the resource stock, e.g. a fishing ground. After the stock has
been exhausted, the owner simply diverts his capital to the next profitable alternative.
In the context of a partial equilibrium model this may not be such a bad thing, since
alternatives are available 19. That the same holds as well in a general equilibrium frame-

work, is perhaps less easy to except. There seems to be nothing in society's preferences,

as represented by the utility function, v,(c), that keeps society under all circumstances
away from a catastrophic threshold20.

To conclude let me stress again that `extinction' in the sense of a destruction of human

utility does not occur, because there exists a market failure or information problem. The

social planner is omniscient. He knows everything that can be known. `Extinction' can

be optimal, because there exists a delay in the response of the ecosystem to pollution.

And this is a fact of life. It arises because a catastrophe like the runaway greenhouse

effect takes time, real time to occur21. The time lag means that society is not immediately
confronted with the consequences of its actions. And this is something that an `impatient'
society might very well want to explore.

2.4 The market economy and environmental con-

straints

In the previous section we have described the command optimum of the economy given
by (2.3.1) -(2.3.13). In this section attention is focused on the question how these

19Although many people, including myself, may think otherwise.
2oThe optimal extinction result will still hold if the amenity value is included into the utility function.

This follows from the fact that the marginal utility derived from nature does not go to infinity if the

buffer goes to zero (lime~o ue(c, B) C oo). For if the marginal utility of the buffer would go to infinity,
that would have to mean that the ecosystem stops functioning after the threshold has been crossed.
However, even after the threshold has been crossed, the ecosystem will still be functioning, be it perhaps

somewhat less attractive and productive than before.
210ne may argue that the delay is a market imperfection. But the use of the word 'imperfection'

has to be used with caution here. The word `imperfection' suggest that society is better off, if the
imperfection is corrected for by means of, for example, taxation. But when utility on the optimal NPS
path is higher than on the optimal PS path, extinction is optimal in the sense that utility is maximised.

any policy that makes society switch from the NPS to the PS path makes society worse off.



2.4 The market economy and environmental constraints 47

optimal solutions, PS or NPS, can be irnplemented in a market economy.

2.4.1 The decentralized version

The economy under consideration is made up out of N identical consumers and producers,

where N is large. The individual consumer thus realizes that his own influence on the

total amount of pollution and hence the buffer depletion time is negligible. Consequently,

he does not take account of the environment22. Consumers maximize life-time utility
subject to the budget constraint, ct f sc -(1 f rc)sc-r f wt, where they take the interest
rate, rc, previous period savings, st-1 and the wage rate, wt, as given23. Labour is
supplied inelastically. At the beginning of each period it is decided how much to save
and to consume. At the optimum consumers equalize the marginal rate of substitution
to the level of the discount factor, i.e. Bu;`~~ `- rtr~ .( ~)
On the production side producers rent capital, kc, and one unit of labour against their

respective market prices. Profits per unit of labour are maxirnized, i.e. maxk, ~c -
f(kt) - wc - rckc. At the optimum the marginal rate of capital is equal to the interest

rate, i.e. rt - f'(kc). Since perfect competition entails zero profits, the equilibrium

wages are given by wc - f (kt) - rckt. Finally, in equilibrium st - kefr.

2.4.2 The role of taxes

Since consumers consider their influence on current pollution to be rregligible, they will,
as long as their utility is not destroyed, equalize the marginal rate of substitution to the
discount factor. In equilibrium, therefore, they will consume more than their share in
the LPFC, N~. Hence, there will be a moment in t.ime when the threshold is crossed;
the market, if left on its own, will select the NPS outcome. From the previous section it

22More formally, agents play an open-loop strategy where they take both prices and actions of other
agents as given. Since the number of agents is large, the individual agent neglects the influence of his
own pollution on total pollution in each and every period. This is a similar assumption that is made
in the public finance literature were agents neglect the influence of their own payment on the provision
of public goods (see e.g. Musgrave (1985) and Atkinson and Stiglitz (1989)). Hence, to the individual

agent the buffer depletion time and buffer crossing time are given.
23Notice that initial savings including the return on this savings plus wage income per consumer is

equal to initial endowment in the social planner's economy, i.e. (1 -~ rl)so f wl - el. Here so denotes
initial savings, which are given.



48 Thresholds under Certainty

is clear that it is impossible to say a priori which of the two candidate optima, the NPS

or the PS, gives the highest welfare. Therefore, we will consider each possibility in turn.

The PS consumption plan is optimal

If the overall optimal consumption plan is PS, there is room for a government to interfere.

For the market will select the NPS outcome, which is not an optimal policy. The usual

way in which externalities are internalized in a market economy is by means of levying a

pigouvian tax on the externality generating good (see e.g. Baumol and Oates 1988:36-

56), where the level of the pigouvian tax is equal to the shadow price of the environment.

The proceeds of this pigouvian tax are then returned to the consumer by means of a

lump-sum subsidy. Again we have to consider two cases. At first we will consider the

case where the environment is the only limiting production factor, that is, there exists

an overendowment (aTpsfl - 0). After that we will turn to the case where both the

environment and capital are limiting production factors (~TPS~1 1 0). Consider the

following proposition

Proposition 2.6 Let .~Tpstl - 0. In order to implement the command optimum in the

market economy, a goverament can levy the following taxes (subsidies):

(i~ A non-unique pigouvian ta~ on consumption, ~t, having the following properties

~1 free, (~I ~ -li, ~c - ~c(1 ~- ~e-i)(1 f rt) - 1, t - 2, 3, . . ., where

1 ,t-2,3,...,TPs

Qt - Buá,.~}~ , t- TPS } 1

B ,t-TPSf2,TPS~3,...

(ii) A lump-sum subsidy, ~c - ~t~s, t - 2, 3, . . .

(iii) An overendowment tax, ~~er - f (kl) f kl - cPS - k2 s 1 0, which is to be levied

in the first period only and is not returned to the consumer.

The most prominent difference as compared to the literature is the presence of the

overendowment tax. Another remarkable aspect is that the pigouvian tax is not uniquely

defined and can even be negative!
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The proposition can be derived as follows. Equate the first order condition of the com-
mand optimum to that of the market economy. The consumer's budget constraint
when the government levies the taxes mentioned above looks like (1 f~i)ct f st -
(1 -t- rc)se-i f wc f~c -~~eTZ(t - 1)24. The consumer's first-order condition then
becomes

u'(cc) 1 f ~c
Bu'(ce-r) - (1 ~ ~e-r)(1 f rc) - Qe, t - 2, 3, . . .

which gives the first part of the proposition.

When ~Tps~r - 0, capital is present in abundance in the PS economy, i.e. dt : cPS -f-
kPi c f(kPS) f kPS. But capital can never be abundant in a market economy; if it can
be used productive, it will be used productive. Hence, the resulting outcome must be
NPS. Only if, in addition to the pigouvian tax, the so-called overendowment is taxed

away, can the command optimum be implemented in the market economy. Therefore, we
set ~~eT - f(kr ) f kr - cPS - k2S, that is, the overendowment tax is equal to that part
of initial wealth which is superfluous. From the consumer's budget constraint, labour
and capital market equilibrium it then follows that ~c -~tcPS. To summarize, if capital
is present in abundance, the government has to tax the overendowment away in the first
period and, additionally, it has to levy a set of pigouvian taxes, which are returned in a
lump-sum way to the consumer25.

The non-uniqueness of the pigouvian tax can be explained by taking a look at the
effects of a pigouvian tax in a`traditional' model. There, it causes two effects. First,
it wil] change the relative price between consumption and pollution within each period.
As a reaction to this, the consumer will change the composition of the consumption
bundle in every period (intratemporal). Second, if the current value pigouvian tax
changes over time, this will result in substitution of consumption and pollution over
time (intertemporal). Since the consumer derives positive utility from consumption and
negative utility from pollution, there exists a unique pigouvian tax, that equates the
marginal utility of consumption to the (negative of the) marginal disutility of pollution.
However, in the model under consideration in this paper, pollution does not cause effects

24Here Z(.) is an indicator function. It is equal to one when t- 1 and equal to zero when t~ 1.
ZSThe not uniquely determined pigouvian taxes in proposition 2.6 can be replaced by a uniquely

determined tax on capital income. The consumer's budget constraint in this case is ct f st -(1 f(1 -
~,.~)ri)si-1 f w~ t~c -~ov`rZ(t - 1). Here ~OUeT is defined as in proposition 2.6 and ~~ -~trtkPS.
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within the periods. It only imposes some restrictions on consumption over the whole

planning horizon. Consequently, the pigouvian tax is not uniquely defined.

A nice parallel can be drawn to the case where an ordinary exhaustible resource, e.g. oil,

is being extracted. In that case the Hotelling rule tells us that the optimal price of this

resource should be exponentially increasing over time ( see e.g. Pearce and Turner 1990).

Since in the present model nature is essentially modelled as an exhaustible resource, it

need not surprise us that the tax on consumption shows this same property. However,

in the case of an ordinary exhaustible resource the price path is uniquely determined.

This is due to the fact that either there exists a substitute for the resource (the backstop

technology) whose price is known, or the fact that the demand curve has the property

that demand falls to zero for a finite price. Both requirements are not met for the model

under consideration. One, there exists no substitute for consumption (backstop) once

human utility is destroyed. Two, demand does not fall to zero whatever the price of the

consumption good may be. The latter effect occurs, since the revenues of the pigouvian

tax are fully returned to the consumer, which lneans that the demand curve will not be

affected by the pigouvian tax.

Finally, we turn to the case where both the environment as well as the capital stock are

the limiting production factors (~TPS}1 1 0). We have the following proposition

Proposition 2.7 Let .~Tps~l 1 0. In order to implement the command optimum in the
market economy, a govern,ment can levy:

(i) A non unique pigouvian to,x on consumption having following properties

~1 .~ee, (~1 ~ -1), ~c - 7e(1 f ~e-1)(1 -~ rt) - 1, t - 2, 3, ..., where
Q~t~~t(lfrt)-fl

ál~t~at~li-re)tltrt

u~Pct~a)7c - Batt~tt7~tt~

,t-2,3,...,TPs

,t-TPSf1

,t-TPSf2,TPSf3,...

(ii) An uniquely determined capital income ta~ defined as follows

- ryt ltrt -1
~re - 7ert .

B

The proceeds are again returned to the consumer by means of a lump-sum subsidy, ~t.
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This can be derived in a way analog to proposition 2.6. The remarks concerning that

proposition apply here also. Contrary to proposition 2.6 the government need not levy

an overendowment tax. Because both the environment and the capital stock are limiting

production factors, capital is not present in abundance. Although this possibility cannot

be excluded on theoretical grounds, it will be in rare cases only that two production

factors are limiting at the same time. Hence, in general a government will need the

overendowment tax in order to successfully implement. the optimal PS path in a market

economy.

The NPS consumption plan is optimal

Although the market will select an NP5 outcome it will in general differ from the optimal

NPS outcome. This can be seen by comparing the first order conditions of the market

to (2.3.14) -(2.3.21). Only if TNPS - TNPS -I- 1 and ~T,vPS~.I - 0 will they coincide.

So even in the NPS case there will be room for the government. to interfere! Moreover,

remember that the first order conditions of the PS and NPS case differ only with respect

to the transversality conditions. Hence, the government will levy a range of taxes similar

to those in proposition 2.726.

2.5 Conclusion

Whether a welfare maximising society will cross a catastrophic threshold is a question

that may both be answered in the afTirmative and in the negative. In chapter 1 we have

seen that when the penalty of crossing a threshold in utility terms is very high, perhaps

even infinite, society wil] not cross the threshold. This conclusion changes when the

penalty of crossing a threshold is more moderate. In this chapter the maximum penalty

for crossing a catastrophic threshold was the complete destruction of human utility.

Human utility is permanently reduced from u(ct) to zero T periods after the threshold

has been crossed. Although the penalty for crossing a catastrophic threshold is reduced,

it remains very large indeed. Nevertheless, a welfare maximising society may very well

have an incentive to cross such a threshold. The crucial point made in this chapter is

that any conceivable society, at least as far as they can be represented by a standard

260n a NPS path the shadow price of capital will always be positive. See also (2.3.19).
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economic model, may have such an incentive. Regardless of the initial level of capital and
environmental quality, crossing a catastrophic threshold may be optimal from a welfare
maximising point of view. If it is optimal for society to cross a catastrophic threshold,
it values a short time of abundant consumption more than a long time of more limited

consumption. Hence, to cross a catastrophic threshold is not something that can be

attributed to poverty alone as Barbier and Markandya (1990:667) pointed out. It is a

principle of choice, and of choice alone.

It was pointed out that a market economy would always cross the threshold. Even

in the case that such a society would, from a welfare point of view, like to cross the
threshold, a government will have a reason to interfere. The reason is that the NPS path

chosen by a market economy will in general not be equal to the optimal NPS path. A

government would then have to impose taxes that would lead society in an optimal way

to a destruction of human welfare. In the case it is not optimal for society to cross the

threshold, the government would have to levy an overendowment tax in addition to the

usual pigouvian tax. This overendowment tax enables a market economy that is `too

rich' to stay on the optimal PS path, instead of diverging to an NPS path.

Appendix A

The proof of proposition 2.3 is an indirect one. Consider first part (i). Suppose the
optimal path is NPS. Then Sl (cNPS, TNPS TNPS) ) Sl (cPS, TPS, oo). Construct the

following consumption path:

r ~NPS
t- 1, 2, ..., TNPS

pcl t- TNPS ~ 1 TNPS } 2, ...Ct - J1
Total discounted utility of consumption path 'c is given by

(A-1)

Sl(~ TNPS ~) - Sl(~NPS TNPS TNPS1
- S2 (kTNPSt1,T) ~- I 1 Bu(pá ). (A-2)

Hence, from proposition 2.3 we get

Sl(~PS ~.PS ~) G Sl(~NPS TNPS ~NPS)
G Si(C,

INPS ~) (A-3)

which contradicts the fact that cPS is the optimal PS consumption path.
Case (ii) can be proven by a similar argument.



Chapter 3

Thresholds under Certainty: the

case of abatement

3.1 Introduction

In the previous chapter we have seen that it could be optimal for a welfare maximising

society to cross a catastrophic threshold even if that would imply the destruction of

human utility. One of the main assumptions in that chapter was that society could

reduce its pollution only by reducing its level of consumption to a similar degree. This

assumption will be relaxed in the underlying chapter. Pollution can be reduced by (i)

reducing the level of consumption; and (ii) increasing the level of abatement. For an

introduction into the basic subject of this chapter the reader is referred to chapters 1

and 2.

The structure of this chapter is as follows. In section 3.2 the model will be introduced

and solved from the point of view of a benevolent dictator. In section 3.3 it is discussed in

what way a government can implement the optimal solution in a market economy. Special

attention is thereby given to the instruments that are needed. Section 3.4 contains the

conclusions.

3.2 The economy

Let at, c~, pi, and kt denote respectively the level of abatement, consumption, pollution

and the capital stock in period t. Moreover, let lée denote the rate of time preference.
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Preferences of the representative consumer are given by a utility function, u(.), whereas
the production structure of the economy is characterized by a production function f(.).
Both funetions satisfy the usual assumptions of concavity and continuity as well as the
Inada conditions. Consumption generates pollution at a rate that depends on the level
of abatement: pt - a(at)ct, (a' c 0, a" 1 0). The level of damage is given by w(Bt)
in (2.2.3). Resources can now be used for three purposes: abatement, consumption and
capital accumulation. This is reflected in the capital accumulation constraint of the
economy

ktti - kt f f(kt) - ct - ac. (3.2.1)

The optimisation problem of a benevolent dictator looks as follows'

z
Sl(c,T,T) - max ~Be-'(u(ce) - w(Be)) -~ 6TSz(kTti,T), (3.2.2)

~nae,T t-1

s.t. ktti - kc ~- f (kt) - ct - at, t- 1, 2, . . ., T, (3.2.3)

Btti - Bc - Pr, t - 1,2,..., T, (3.2.4)

pt - max{a(at)ct - p~, 0}, t- 1, 2, ..., T, (3.2.5)

kTtl ~ 0, BTtI - 0, k1i and Bl given. (3.2.6)

Here Sz(kT}1iT) is defined as follows

T-1

S2(kTf1~T) - max ~ Bt-T-1(~(ct) - w(Bt)) ~ BT-T-ls3(kT,T), ( 3.2.7)
ce,ae,T t-Tf1

s.t. ktti-keff(ke)-ct-at, t-T~-1,...,T-1,

P~ - a(at)cc, t - T f 1, ..., T- 1,

kTtl given, kT 1 0, BTtI - BT - O.

Finally S3(kT, T) is given by

~
Ss(kT, r) - max ~ 9c-T(u(ct) - u'(Bt))~e,ae

t-7

(3.2.8)

(3.2.9)

(3.2.10)

(3.2.11)

'A sufficient condition for this problem to be concave is that 2a'(a~)2 - a"(ac)a(ac) c 0.
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s.t. kiti -.f (ke) ~ ki - ci - ae,

kT given, BTtI C 0,

kTtrti ? 0, BTtTtI free.

(3.2.12)

(3.2.13)

(3.2.14)

As in chapter 2 every feasible path can either be characterised as Physically Sustainable

(PS) or Non Physically Sustainable (NPS). On an NPS path the threshold is crossed

within a finite time, whereas on a PS path the threshold is never crossed at all. Over

time a maximum of three phases can be distinguished on any feasible path

Phase One : Bt 1 0, t- 1, 2, ... T, and possibly,

Phase Two : B~ - 0, t- T-~ 1, ..., 7, and possibly,

Phase Three : B~ c 0, t -?" f 1, . . ., T f T f 1,

where T denotes buffer depletion time, 7 the buffer crossing time and 7 f r the catastro-

phe time. All times are depicted in Figure 2.4. By definition the buffer crossing time is

larger than the buffer depletion time: 7 1 T-}-1 1 T. Moreover, the difference between

the catastrophe time and the buffer crossing time, r, will be referred to as the delay.

It represents the amount of time between crossing the threshold and the destruction of

human utility (see page 30). As in chapter 2 we require the problem to be in line with

two empirical observations. First, in the unconstrained steady state the economy must

be emitting GHG's into the atmosphere, i.e. ct ~ 0 for large t2. Second, the initial level

of pollution must also be larger than zero, i.e. cl ~ 0. This requirement is satisfied

if the initial capital stock, kl, is relatively large to the LPFC, q~. Moreover, for the

problem to be interesting it is assumed that the amenity and productivity effect of the

environment do not exist (see also page 38).

To solve problem (3.2.2) -(3.2.14) we will follow the approach adopted in chapter 2.

Since every feasible path is either PS or NPS, the set of PS and NPS paths span the set

of feasible paths. From the set of feasible PS paths determine the one that is optimal.

Call this the optimal PS path. Then determine from the set of feasible NPS paths the one

that is optimal. Call this the optimal NPS path. To find the optimal path of the original

problem, henceforth called simply the optimal path, we have to compare the present

value of utilit.y of the optimal PS path with the optimal NPS path. The first-order

ZThe unconstrained steady state is the steady state of the economy (3.2.2) -(3.2.14) without envi-

ronment, i.e. without (3.2.4) and (3.2.9) and the terminal conditions on the buffer.



56 Thresholds under Certainty: the case of abatement

conditions for problem ( 3.2.2) -(3.2.14) are given in appendix B. Notice that, except for
the transversality conditions, the marginal conditions for the optimal NPS and PS path
in phase One and Two are identical. Analog to proposition 2.2 the following proposition

can be derived.

Proposition 3.1 The bufJer depletion time on the optimal PS path, TPS, is finite.

This proposition follows from the observation that a steady state does not exist in phase
One, which can be seen by letting t go to infinity in (B-10) and (B-15). Proposition 3.1

enables us to compare the optimal NPS path with the optimal PS path after environ-

mental quality has been degraded down to the threshold. A sufficient condition for the

optimal path to be NPS or PS is given by the following proposition.

Proposition 3.2 For the economy (2.~i.1) -(2.S.ISJ the optimal consumption path is

(Z) PS, 2f Sy(ICTNPS~1i OO) i S3(ICT~vrstli T)r

(22) NPS, 2f S2(kTastl,~) G S3(kTPSf1,T).

For a formal proof see appendix C. The argument runs as follows. First, construct an

NPS path which is equal to the optimal PS path before the threshold is reached and

which maximizes S3(kTPS}1i oo) from time TPS -~ 1 on. If utility on this NPS path is

higher than on the optimal PS path, then the optimal NPS path is the optimal path,

since the optimal NPS path gives higher utility than the constructed NPS path. A

similar argument establishes the conditional optimality of the PS path. Whether either

of the conditions given in proposition 3.2 can ever be satisfied in the economy given

by (3.2.2) -(3.2.14) is the subject of the next proposition.

Proposition 3.3 For the economy (3.2.2)-(3.,2.14) above there exists a delay, T, such

that for all T~ T, the optimal NPS path is the optimal path.

Essentially, the decision maker faces a trade-off between relatively high consumption for

a short period of time on the optimal NPS path and low consumption for an indefinite

period of time on the optimal PS path. If this delay is large, it is possible to show (for a

proof see appendix D) that utility will always be higher on the optimal NPS path than

on the optimal PS path. One is tempted to think that the reverse will hold as well: if the

delay is sufficiently small, the trade-off will be in favour of the optimal PS path. But in
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B, r 0.05 0.06 0.07 0.08
0.96 32 42 49 55

0.97 60 71 80 88

0.98 121 13ï ~~ 1-1~~ I:i~)

Table 3.1: Maximal delays for which the optimal PS path is the optimal path.

contrast to proposition 2.4 in the case without abatement, this can not be established in

general in the case with abatement (again see appendix D). However, simulations that

have been performed for an endogenous growth economy seem to suggest that for small

delays the optimal PS path is indeed the optimal path. From Table 3.1 we see that for

small r the optimal PS path is indeed the optimal path3. For instance, in case B- 0.96

and r - 0.05 we have that for r G 32 the optimal PS path is the optimal path, whereas

for T~ 33 the optimal NPS path is the optimal path.

Another result that emerges from the simulations is that if two economies differ only in

their rate of productivity, r, the one with the higher productivity rate is more `]ikely' to

be PS. This can be explained as follows. Higher productivity will entail higher consump-

tion possibilities. Since consumption on the optimal PS path is generally lower than

consumption on the optimal NPS path, marginal utility will be higher on the optimal

PS than on the optimal NPS path.

Finally, one might be inclined to think that on the optimal NPS path, abatement will

be substantially lower than on the optimal PS path'. However, the simulations seem to

suggest the opposite. Typically, the amount spend on abatement on the optimal NPS

path ranges between 50PIo and 95010 of the amount spend on abatement on the optimal

PS path. This means that one cannot infer from the level of abatement that is being

undertaken in a society, whether that particular society is on an optimal NPS or an

optimal PS path.

3The following functional forms were used: u(c) - ln(c), f(k) - rk, a(a) - a},~. The parameter

values used for the results in Table 3.1 are: r - 0.11, b- 1, ry- 0.5, p~~ - 1, Bl - 250. The initial

capital stock was chosen such that cl was larger than Q a' . Similar results were obtained for numerous

other parameter values, but these have been emitted for reasons of space.
4This does not hold for the level of abatement on the optimal NPS path during phase Three, since

abatement is zero during that phase.
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Proposition 3.4 If a society cares sufficiently for the future (in the sense that B is close
to one), its overall opti~rLal path will be PS.

This follows from lirrie~,l Sl(cNPS,7) c oo and limeyl Sl(cPS, oo) - oos. For two
economies who differ only in their rate of time preference, the optimal path of econ-
omy with the higher rate of time preference is more 'likely' to be PS. This is confirmed
by the simulation results shown in table 3.1, where the maximum delay for which the
optimal PS path is the optimal path is increasing in the rate of time preference.

When we compare the results for the abatement case with the no-abatement case, all
results seem to carry through. Society will still chose an NPS path, if the delay is large
enough. This is not surprising, since any abatement will be done at the expense of
consumption. The introduction of abatement may change the cost function of pollution
reduction, but does not change the basic trade-off society has to make: do you cross the
threshold or not?

3.3 The Decentralized Economy

To study how a government may implement an optimal path in the presence of a thres-
hold consider an economy which is made up out of N(where N is large) identical con-
sumers and producers. The individual consumer realizes that his own influence on the
total amount of pollution and hence the buffer depletion time is negligible. Consequently,
he will not take account of the environment in his private actionsfi. We have

7~T

max ~ BL-lu(cL),
~~,a~ L-1

(3.3.1)

s.t. cL -}- aL f sL -(1 ~- rL)st-1 -F wL, t- 1, 2, ... (3.3.2)

SThis is so, because by definition of a NPS plan 7 is finite, and limL~~u(cPS) ~ 0.
óMore formally, agents play a feedback strategy where they take both prices and actions of the other

agents as given. Since the number of agents is large, the individual agent neglects the influence his own
pollution has on the total amount of pollution in each and every period. A similar assumption is made
in the public finance literature were agents neglect the influence of their own payment on the provision
of public goods (see e.g. Musgrave (1985) and Atkinson and Stiglitz (1989)). Hence, to the individual
the buffer depletion and buffer crossing time are exogenously given.
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Here rt, w~ and st denote the interest rate, the wage rate and savings in period t respec-

tively. Both the wage and interest rate are exogenously given to the consumer, whereas

labour is supplied inelastically by him. At the begirrning of each period the consumer

decides how much to save. This implies that at the optimum consumers equalize their

marginal rate of substitution to the discount factor, i.e. 9u~~~` ,- rtr~. Moreover the

individual will not spend resources on abatement at the optimum, since he finds himself

engaged in a prisoner's dilemma.

On the production side the composite good is produced using both capital, k~, and

labour, which is assumed to be supplied inelastically. Producers maxinrize profits per

unit of labour taken as given the respective prices of labour and capital, i.e. max~~ ~t -

f(kt) - wc - rtkt. At the optimum the marginal rate of capita] is equal to the interest

rate, i.e. r~ - f'(kt). Since perfect competition entails zero profits, the equilibrium

wages are given by wt - f (kt) - r~kt. Finally, in equilibrium s~ - kc-f-r.

Since consumers consider their influence on current pollution to be negligible, their mar-

ginal rate of consumption will be equalized to the marginal rate of transformation for

the time during which human utility is not destroyed. In equilibrium the consumer's

life span will be finite, since he will consume more than his share of the LPFC, N Q-~.

Hence, in a market economy the threshold will be crossecl after a finite period of time.

As a consequence, human utility will be destroyed T periods later. The market, if left

on its own, will select a non-optimal NPS path.

What scope for government intervention is there in this economy? Assuming that the
government does not have preferences on its own, that is, it wants to maximize utility

of the representative consumer, it has the following options. If the consumers prefer the

optimal PS path, it can levy taxes to `take' the consumers from the market NPS path

to the optimal PS path. If the consumers prefer the optimal NPS path it can levy taxes

to `take' the consumers from the market NPS path to the optimal NPS path. But a

government maximising consumer welfare cannot put society on the optimal PS path, if
it prefers the optimal NPS path. In that case society prefers the optimal NPS path over
the optimal PS path.

From now on the attention is limited to the case where consumers prefer the optimal PS

path. In this case the government can levy taxes in order to prevent the economy form

crossing the threshold.
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Proposition 3.5 In order to shift the market economy from its market NPS path to the
optimal PS path a government must levy the following ta~es (subsidies) during period t:

(i) A non-unique pigouvian ta~ on consumption, ~t, where

~1- a at c~ a~ ct ~1 }~c-i)~1 ~i- rt) - 1,~c - 1 - a~ae-i)~a~~aa-i)ct-i

(ii) A non-unique subsidy on abatement, sá, where

r sa ] 1 , if at G aPs

Sl 0 , elsewhere

(iii) and, a lump-sum ta~, ~t -~ect - sáat'.

Implementation of the command optimum in the market economy requires the use of
three taxes and subsidies: a tax on consumption, a subsidy on abatement and a lump-
sum tax which returns the proceeds to the consumer8. A positive tax on the consumption
good raises the price of that consumption good and limits expenditures on it. However,

it will not give the consumer an incentive to spend some of his income on abatement,
since the marginal value of abatement is zero for the representative consumer. This

arises because the marginal valuation of goods and services no longer provides to right
incentives when thresholds are present. Under a pigouvian tax on consumption only, the
consumer finds himself still `trapped' in the prisoner's dilemma.
In order to attain the optimal PS path the government has to levy a subsidy on abatement

as well. But since abatement has no marginal value, the subsidy must fully compensate
the expenditures on abatement, that is, it must be larger than 100P1o. This means that
the consumer can enlarge his income by abating use this extra income for consumption
purposes. However, it is necessary to accompany the abatement subsidy by a quantity
restriction, since otherwise the consumer would have an incentive to spend all his re-
sources on abatement. Compared to the tax schedule in proposition 2.6 the government
no longer has to levy the overendowment tax. The reason is that capital can no longer
be present in abundance, since it can always be used for abatement purposes.

~For a proof of this proposition see appendix E.
BSince the taxes are not uniquely defined, these can be chosen such that the lum~sum tax is indeed

a tax and not a subsidy.
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An alternative way to replicate the command optimum is to levy a tax on pollution

(Smulders and Gradus 1996). This would give the consumer a sufficient incentive to

engage in abatement as well as to reduce consumption. On first sight it thus looks

superior to the combination of an abatement subsidy and the consumption tax. However,

as noted by Smulders and Gradus (1996) in practice it will be difficult to implement

such a pollution tax due to measureinent problems. For a successful implementation of a

pollution tax requires that the government is able to measure who pollutes what, where

and how. A requirement that is unlikely to be fulfilled in most cases.

3.4 Discussion and conclusions

Most of the conclusions from chapter 2 carry through from the no abatement to the

abatement case. Crossing a catastrophic threshold may still be an optimal policy for

any society that can be described by a standard economic growth model. In case society

prefers the optimal PS path above the optimal NPS path, the main difference between

the two cases lies in the implementation of the optimal policy in a market economy. In

the abatement case the government no longer has to levy the overendowment tax, since

capital can always be used for abatement purposes. Since, in the presence of thresholds

marginal incentives do not automatically provide the right signal, the government must

also use the instrument of a subsidy together with a quant.ity restriction control.

Appendix B

In phase Three the destruction of human utility at the end of period T f r has become

unavoidable. From a welfare point of view reduction of pollution is no longer useful.

Hence, society will set the level of abatement equal to zero. Phase Three can be charac-

terized by the equalization of the marginal rate of substitution to the marginal rate of

transformatiori, i. e.

u'(cc) 1B - t-1-,...,T-~T,
u'(~-~) 1 f f'(k~)'

and the transversality condition on the co-state of the capital stock, .~7fTt1,

(B-1)

~TtTfi ? 0(- 0, if kTtrti ~ ~). (B-2)
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The Hamiltonian for the second phase is

H- u(ct) ~~eti(kt ~ f(kt) - ci - at) f l~tti(P~i - a(Qt)~),

giving the following first order conditions,

~(ce) - ~ttt - ~tft~(at) - 0, t - T ~- 1, . . . ,T - 1,

-att~ - l~ttiá (at)ct - 0, t - T f 1, . . . , T - 1,

~c -~cti8(1 f.Í~(kt)), t - T-~ 1,..., T- 1,

p~t - a(Qt)cc, t- T f 1, ..., T- 1,

the transversality conditions,

S3,k(kT,T) .T G 00,
~T -

? 0(- 0, if kT 1 0) , T- oo,

and finally the optimal buffer crossing time, T,9

v-i l
T- arg max ~ B`u(ct(v)) f Bvss(kvti, T) }.

v~Tti t-Tti JJJ

(B-3)

(B-4)

(B-5)

(B-6)

(B-7)

(B-8)

(B-9)

From this we can deduce the following equation of motion

B ~.L'(ct) - 1 ]- - Q(ae),a'(ae)~s
(B-10)

u'(ct-1) 1 f f'(kt) 1 - a(a~-~)~a,(a~-~)~~-~

Duríng phase Two the consumer is `forced' to pollute the critical load each period.
This means that the level of consumption determines the level of abatement. According
to (B-10) the marginal rate of consumption ( MRS) must equal the marginal rate of
transformation ( MRT) times the marginal rate of transformation of the environment
(MRTE). Both rate of transformations tell you how high the relative price ( in utility
units) is of switching consumption from period t- 1 to t. For example, if the MRTE is
high, you will ( at the margin) have to undertake much more abatement in period t than
in period t - 1'0

9A"above a variable denotes the optimal value of that variable.
loNotice that 1- a n` - a(n,t~,~a~~n, ~, Ian, IPs-o~
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Finally, the Hamiltonian for phase One is given by

H- a(cc) f~cfi(kc f f(kc) - cc - ac) f Fitfi(Bt ~-p~c - a(ac)ce). (B-11)

This gives the same necessary conditions as in phase Two, except for (B-7), (B-8) and

(B-9) which are replaced by

{~c - hctiB, t - 1, . . . , T, (B-12)

~Tti - Sz,k(kTt1,T), ~T~i free,

and
( v l

T - arg max { ~ Bc-lv,(ct(v)) ~ Bvsz(kvti, r) y.
l f-1 )))

(B-13)

(B-14)

Substituting out ~ttl and tct~l we get ( B-10) and

-e~'(ae)ct 1 (B-15)
-a'(ae-i)ct-1 - 1 f f'(kc) ~

as the equations of motion for consumption and abatement. In the literature ( B-10) is
frequently encountered (see e.g. Van der Ploeg and Withagen 1991). Given a level of

pollution in period t(not necessarily optimal) it determines the level of consumption

and abatement in that period. What is new is that in (B-12) the marginal damage of

pollution ( either in the utility or production function) is absent. Hence, the distribution

of pollution over time is determined by the simple Hotelling rule ( B-15). Shifting abate-
ment from period t-1 to period t, increases period t-1 pollution by -a'(ae-1)ct-1 units,
but decreases period t pollution by a'(at)ct(1 f f'(kt)) units. This gives you (B-15), since
total pollution is not allowed to change.

Appendix C

In this appendix a proof will be given of part (ii) of proposition 3.2. Part (i) can be
proven in a similar way. It has to be shown that if Sz(kTPS~l,oo) c S3(kTPSt1,T) then
Sl (cPS, oc) c Sl (cNPS, TPS). Construct the following path

- r PS PSjJll cc , t-1,2,...,T
( )

~ ~e t - TPS -I- 1,TPS f 2, ..,TPS f T,
C-1
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where ct is the NPS consumption path belonging to the problem S3(kTPSt1,T). That is

ct is the NPS consumption path if at time TPS f 1 the agent decides to take an NPS

path. The PVU of this path is given by

Sl(~ TPS)
- Sl(CPS ~) - S2(kTPStli ~) } S3(kTPStIrT) 1 Sl(~PS, ~), (C-2)

where the last inequality follows from the condition given in proposition 3.2 under (ii).

Then

Sl(~PS
00) G Sl(C,TPS) G Sl(~NPS TPS1.

since c is a feasible NPS path and cNPS is the optimal NPS path.

Appendix D

First, notice that S3(kTPS~I(T),T) is a continuous function that is increasing in T

(~S3(~PStI(T),T) C~S3 BkTPSf1 (T) as3

(~T - ÓkTPS}1(T) ÓT ~ ÓT , 0~

(C-3)

(D-1)

since akTP~'lTl - 0. The latter follows because every PS path is, by definition, fully

independent from the delay, T. Moreover,
dS2(kTp~T ~(T),~) - 0 for the same reason. Now

notice that

0- S3(., 0) G S2(., oo) G S3(., oo). (D-2)

By continuity there exists a delay, T, such that S2(kTPS~l,oo) - S3(k~PSt1,T). Hence,

for all T~ T we have that S2(k.rPS~I, oo) G 53(kTPStI, T). From proposition 3.2 it follows

that the optimal PS path is the optimal path.

However, one cannot prove that for delays small enough the optimal PS path is the

optimal path. This can be seen as follows. The larger the capital stock on an NPS

path, the larger the level of utility on an NPS path, i.e. S3~kTPáT'~T~'r~ ~ 0. Note that

S2(kTNPS(0), oo) - SZ(0, oo) - 0. Again we have that (D-2) holds, but contrary to the
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case without abatement (see proposition 2.3) S2(kTNPS(T),oo) is no longer independent

from T. This means that we can no longer invoke the mean value theorem.

Appendix E

In case the government levies a pigouvian tax on consumption, ~t, a subsidy on abate-

ment, s~ and a lump-sum tax, ~i, the consumer problem becomes

~
max ~ B~-lv(ct), (E-1)
~~,nt e-i

s.t. (1 f~L)ct f at f st -(1 -}- rt)si-1 -~ wi f saat f ~t, t- 1, 2, ... (1r2)

The concomitant first order condition is

u~(cr) 1 1 ~- ~e
Bv,'(ce-i) - 1 f rt 1 f~t-1 ~

(E-3)

Substituting in the tax rates given in proposition 3.5 (i) and ( ii) into (E-3) gives you the

first order condition for the command optimum. The abatement subsidy is obtained by

maximizing (E-1) with respect to a~.



Chapter 4

Thresholds under Uncertainty

4.1 Introduction

Over the past decade our knowledge about the process of global warming has increased

markedly. For one, it has become an almost indisputable fact that global warming is

caused by the emission of greenhouse gases into the atmosphere. These greenhouse gases

are thereby believed to act as `a blanket'. Incoming solar radiation is trapped by this

blanket and can no longer leave the earth to the same extent as before. Over time then,

the increased intake of solar radiation will lead to an increase of the earth's global mean

temperature and a change of climate.

Although scientists have by now unraveled the main mechanisms behind the process of

global warming, for a comprehensive overview see the IPCC report (1996a), it has proven

to be extremely difficult to predict the consequences of global warming. The difiiculties

in predicting these effects arise both in terms of its impact on global mean temperaturel,

but especially and foremost, in terms of local climate changes. The main reasons behind

this difference in predictability are that (i) the resolution of the global climate models

is too coarse in order to predict regional changes in climate, (ii) the variation in local

climates is much larger than of the global climate, (iii) human tropospheric aerosols

have a large influence on local climate, and (iv) land-use changes may have a significant

impact on temperature and precipitation changes, especially in the tropics and subtropics

(IPCC 1996a:44).

Compared to changes in locate climate our knowledge about thresholds is even more

1See the discussion on page 2.
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limited. As I have argued in chapter 1, it will virtually be impossible to predict both the

location and the impact of a threshold. Given the predominant position of uncertainty

within the global warming debate, one of the key questions from a decísion maker's point

of view will necessarily have to be how and to what extent uncertainty influences the

decision making process.

Economists have since long developed a theory for decision making under uncertainty.

)~equently used tools in this respect are expected utility theory (e.g. De Finetti 1964,

Von Neuman and Morgenstern 1944), minimax theory (e.g. Arrow and Hurwicz 1972)

and, the more recently developed, anticipated utility theory (Quiggin 1982). Out of these

theories expected utility theory has been the environmental economist's favoured tool
for tackling the decision making problem posed by global warming (Heal 1984, Manne
and Richels 1992, Chichilnisky and Heal 1993, Nordhaus 1994a,1994b, Gottinger 1994)
for both practical and methodological reasons. Not only is expected utility theory by

far the most developed theory of decision making under uncertainty today, but many

economists hold that decision inaking under uncertainty mvst be based on the principle

of expected utility. In this respect it is argued that any behaviour which is not guided by

the principle of expected utility can only be based on either ignorance or confusion, and
is therefore irrational. Although non-expected utility theories may offer a descriptive
explanation of behaviour, they have no normative appeal2.

Even though expected utility theory is the most developed theory of decison making

under uncertainty today, the first full application of this theory to the problem of global

warming has yet to be undertaken. The main problem is that a full application of the
theory requires the processing of enormous amounts of data. As Nordhaus (1994b) notes:

To understand these tasks, we will need to limit our analysis to a small num-

ber of possible scenarios to describe future climate change. The necessary

limitation arises because of the curse of dimensionality: the difficulty of solv-
ing the DICE model for the optimal policy under uncertainty rises exponen-

tially in the number of states of the world (SOW). Programming the DICE

model for five SOW on a PC is moderately straightforward, and solutions on

a top-of-the-line PC take thirty minutes as of summer 1993. Clearly, solv-

ing for even a few dozen of the 400,000 SOW would require supercomputers

2See e.g. Ramsey 1931; De Finetti 1937; Savage 1954; Shimony 1955; Lehman 1955: Kemeny 1955;
Wakker 1988; ant] the discussions in Schoemaker 1982; and ~fachina 1989.
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(Nordhaus 1994b:140).

A second, but related, problem concerns the specification of a probability distribution

which describes the uncertainty regarding the parameters of the environmental damage

function. When asked to specify such a distribution respondents often hesitate because

they feel they have insufficient information to specify such a distribution (e.g. Nordhaus

1994a). In economic theory the uncertainty regardirrg the distribution function describ-

ing the uncertainty is known as ambiguity (see e.g. Ellsberg 1961; Gdrdenfors and

Sahlin 1982; Hogarth and Kunreuther 1985 and Segal 1987, 1990). Nordhaus recognizes

this problem by stating that:

Nonetheless, it must be emphasized that the estimates of the climate-damage

furrction are extremely speculative. Although the central estimates of the im-

pact of climate change have been based on observed relations between climate

change and economic activity, the estimates of the extreme observations are

extrapolations well beyond historical experience (Nordhaus 1994b:154).

As I have argued in chapter 1 it is inherently impossible to predict the location and the

impact of thresholds with respect to global warming. For there are no data available, nor

will there be any data available, on either the location or impact of thresholds. This raises

the theoretical question in what way uncertainty, i. e. risk and ambiguity, may influence

the decision making process. Of importance in this respect is the certainty equivalence

theorem originally developed by Simorr (1956) and Theil (1957). This theorem states that

for the class of quadratic utility functions, the mean of the distribution of the uncertain

parameter is a sufficient statistic. When certainty equivalence holds, a mean preserving

increase in risk neither causes more nor less prudence compared to the certainty case. Any

analysis of global warming can then equally well be rrndertaken by building models with

perfect foresight. For other classes of utility functions similar propositions can be derived

(Leland 1968). The theoretical results obtained by Simon (1956), Theil (1957) and

Leland (1968) are important for practical purposes, because they substantially reduce

the amount of information that is required to take a decision.

In this chapter I will analyse the problem of thresholds under uncertainty. The model

to be developed is essentially a static version of a dynamic model developed earlier by

Heal (1984). However, where Heal's arralysis focuses on the characterisation of optimal

trajectories of consumption, the analysis in this chapter focuses on the implication of
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changes in the level of uncertainty on the optimal level of consumption. The question
of choice concerning thresholds in uncertain circumstances has been modelled also by
using hazard functions (see e.g. Clark and Reed 1994). In that approach the hazard rate
represents the instantaneous probability that the threshold is crossed at any moment in
time. However, in my opinion, the hazard function approach misspecifies the nature of
the problem. To see this, note that what is uncertain in the hazard function approach
is not the event itself, but just the timing of the collapse3. Clearly this is to beg the
question. For who knows, whether any particular threshold actually exists, let alone that
it will be crossed at some time in the future?

In section 4.2 I show that any uncertainty under thresholds can be decomposed into two
types of uncertainty: uncertainty about the location of the threshold and uncertainty
about the impact of the threshold. These two types of uncertainties are not just different
in size, but also in kind. Uncertainty about the impact of the threshold is exogenous,

i. e. the probability of events does not depend on the actions of the decision maker,

uncertainty about the location of the threshold is endogenous, i. e. the probability of
events does depend on the actions of the decision maker. A simple model is presented
where both types of uncertainty are modelled separately. For both types of uncertainty
the implication of an increase in risk for the decision making process are analysed. In
section 4.3 some comparative static results are presented. We will see that for risk about
the impact of a threshold tractable results can be obtained. The same does, however,
not hold for risk about the location of a threshold. In section 4.4 I will motivate why
ambiguity may have an influence on the decision making process. Contiguously, a model
of non-expected utility will be presented. On the basis of this model, a mixture of
Quiggin's anticipated utility (Quiggin 1982) and Hogarth and Kunreuther's model of
insurance decisions (Hogarth and Kunreuther 1985), some comparative static results are
presented for the reaction of a decision maker on a mean preserving increase in ambiguity.
Finally, I will discuss whether or not these results may be used as a guidance for rational
choice. Section 4.5 cont,ains the conclusions.

3The hazard function, h(t) - rji(P(t)), posed by Clark and Reed ( 1994), has the following properties:
~i(o) - 0, ~i(P) 1 0, w'(P) ? 0. Here, P(t) is the stock of pollution at time t. Then, as Clark and Reed
note themselves (see their footnote 1), the timing of the collapse is finite, if the integral fx ~(P(t))dt
diverges. Hence, a necessary condition for the collapse not to occur is that liTn~~aP(t) - 0. For steady
state levels of pollution larger than zero, this means that the collapse must occur. Uncertainty is thus
reduced to the timing of the event, not to the occurrence itself.
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Figure 4.1: Uncertainty about the Impact of the Threshold

4.2 A Decomposition of Risk

Consider a single threshold where both the location and the impact of crossing the

threshold are unknown to the decision maker. Figures 4.1 and 4.2 display respectively

the uncertainty about the impact and the location of the threshold. Is the threshold

crossed at Br, BZ or perhaps at B3? And when it is crossed, will the damage be given

bY ,Qr , Qz or ,Qs?

Before presenting the formal model let me dwell somewhat further upon the relation

between impact and location. In contrast to the situation where the pattern of damages

can be described by a convex function, thresholds allow a distinction between irnpact

and location. In the case of a convex damage function this distinction becomes blurred,

since a point on a convex damage curve cannot be traced to any particular event.

Given that is it possible to distinguish between risks concerning location and impact, an
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Figure 4.2: Uncertainty about the Location of the Threshold
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interesting question is whether this risks are independent or not. Suppose, for example,

that a decision maker learns that the threshold connected to the runaway greenhouse

effect is located at either BZ or B3, but certainly not at Br. Can he infer from this

information anything about the impact of crossing the threshold? To my opinion this is

not the case. I can think of no logical reason why these two types of risk should a~riori

be dependent on each other. For example, the ultimate impact of a runaway greenhouse

effect is not determined by the location of the threshold, but by the chain of events that

happen after threshold is crossed. And none of these events are not becoming more, or

in fact less, likely when we learn that the threshold will be located somewhere else.

Mathematically, the decision problem can be represented as follows. The first source

of uncertainty is about the location of the threshold, B. Suppose that the decision

maker's belief about the location of the threshold can be represented by a probability

density function, ~r(B), defined on the interval [Bmin, Bmax]. If our individual chooses

a consumption level, say c, the probability of crossing the threshold is given by II(c) -

P{B G c}4, where II(.) is the distribution function belonging to ~r(.). This means that

the probability of crossing the threshold is positively related to the level of consumption:

at high levels of pollution the probability of crossing the threshold is larger than at low

levels of pollution. This type of risk is called endogenous risk in the literature. It signifies

a situation in which the level of risk depends on the action(s) of the decision maker (see

e.g. Ehrlich and Becker 1972; Heal 1984; Lewis and Nickerson 1989; Chichilnisky and

Heal 1993)5.

The term `endogenous risk' was put forward by Ehrlich and Becker (1972) in a paper

about self-insurance and self-protection.. They modelled a situation in which a decision

maker has the option to install lightning rods in order to avoid damage to his house by

lightning. Then, as Ehrlich and Becker (1972) argue, the probability that your house

burns down is endogenous. Quiggin (1989) criticised the idea tlrat `endogenous risk'

is substantially different from `exogenous risk'. To illustrate his point he refers to the

example given by Ehrlich and Becker (1972). ~~'hereas the probability that your house

burns down is endogenous, the probability that lightning strikes your house is exogenous.

By using a more fundamental state description, in this case the probability of a stroke

4Here I assume that the relationship between consumption and pollution is linear and one for one,

i. e. p - c.
SFor a general overview of the literature on choice under uncertainty see Fishburn (1988) and

Kreps (1988).
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~r, B skewed to the left skewed to the right
skewed to the left high probability, high impact high probability, low impact

skewed to the right low probability, high impact low probability, low impact

Table 4.1: Characterisation of thresholds.

of lightning itself, any problem can be described in terms of independent state probabil-
ities. And as Quiggin argues: `The choice between them is a matter of analytical and
expositional convenience' (Quiggin 1989:40).

However, as Ehrlich and Becker (1972) observe, the more fundamental state description
must be unaffected by human decisions. Quiggin's claim therefore rests on the assump-
tion that such a state description is always available. It is my claim that in the case of
thresholds and uncertainty such a state description is not available. This arises because

human action is the only reason why risk exists. Without human action, that is without
pollution, there would be no risk of crossing the threshold at all. Hence, uncertainty and
thresholds can only be modelled in terms of `endogenous risk'.

The second source of uncertainty is about the impact of the threshold. Suppose that
the decision maker's beliefs on the impact of the threshold can be represented by the
probability density function, B(a) defined on the interval [0,1]. The corresponding dis-
tribution function is denoted by O. Here, a, denotes the fraction of consumption that
stays intact when the threshold is crossed meaning that 1- a represents the proportion
of consumption that is lost when the threshold is crossed. This type of risk is called
exogenovs risk meaning that the level of risk is independent of the level of the decision
variable, c. Since it is assumed that the stochastic variables B and a are independent
of each other, the joint distribution function of these stochastic variables is given by
S2(B, a) - II(B) x 6(cr).

In order to characterise the decision making problem consider the cases where the prob-
ability density functions, ~r and B, are either highly skewed to the right or to the left.
When the probability density function, ~r, is highly skewed to the right on the interval
[B,,,;n, B~x] the decision maker believes that the threshold is likely to be crossed at high
levels of pollution. When the probability density function, ~r, is highly skewed to the left
on the interval [Bmin, B~] the decision maker believes that the threshold is likely to
be crossed at low levels of pollution.
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Similarly, when the probability density function, B, is highly skewed to the right on the

interval [0,1] the decision maker believes that crossing the threshold is likely to have

a high impact. When B is highly skewed to the left on the interval [0, 1], the decision

maker believes that crossing the threshold is likely to have a minor impact only. It is

then possible to distinguish the following four stereotypical cases (see Table 4.1).

To complete the model, suppose that the decision maker derives utility from two sources:

consumption, c, and amenity, a- B- c. If it turns out that the threshold has not been

crossed, i.e. c G B, amenity is positive, and the level of utility is given by u(c) f

v(a). Here u(c) and v(a) represent utility derived from respectively consumption and

amenity. Without loss of generalisation we have u(0) - v(0) - 0. If it turns out that

the threshold has been crossed, i. e. c~ B, two effects occur. First, the utility derived

from consumption is reduced from u(c) to u(ac). Second, all utility derived from the

environment is reduced to zero, i.e. v(ce) - 0, if a G 0. The decision problem can

now be represented by choosing a level of consumption, c, prior to the resolution of

the uncertainty about both the location and impact of the threshold. After society has

chosen its level of consumption, and hence pollution, the true state of nature, (B, á), is

revealed. When it appears that the threshold has not been crossed the level of utility is

given by u(c)-~v(B-c). When the threshold has been crossed the level of utility is given

by u(àc)6. On the assumption that society maximizes the expected value of utility, the

maximization problem may be written as

maxfD--[u(c) f v(B - c)]~r(B)dBf~ ~

~ i
f f u(ac)B(a)da~r(B)dB.

Bm,,, o
(4.2.1)

The first term is the expected utility derived from consumption and the environment in

case the level of pollution stays below threshold level. The second term is the expected

utility derived from consumption in case the threshold is crossed. Assuming that u(ac) -

u(a)u(c)7 and rewriting (4.2.1) gives

maxu(c)(1 - II(c)) -I- ~~ v(B - c)~r(B)dB~-
c

sNotice that a hat, -, denotes a realisation of a stochastic variable, i.e. à is the realisation of the

stochastic variable a.

~We have for 0 c a G 1: u(ac) - u(a)u(c) G u(c), and hence u(a) G 1.
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i
f u(a)B(a)daII(c)u(c) -

0

max u(c) -~ f Bmaj v(B - c)n(B)dB - l(B, u)II(c)u(c), (4.2.2)

where l(B, u) - 1- fó u(o)B(a)da denotes the expected value, in utility units, of the

percentage loss in consumption. Note that 0 G l(B, u) G 1. From (4.2.2) it follows that

the consumer maximizes the utility of consumption plus the expected amenity value

plus the expected loss of utility in case the threshold is crossed. Differentiating (4.2.2)

with respect to consumption and setting the derivative equal to zero gives the first order

condition

u(c) - ~~ -- v'(B - c)~(B)dB ~ i(e, u)[iT(c)u (c) f ~(c)u(c)~.8 (4.2.3)~
The corresponding second order condition is given by

V~ : u"(c) - l(B, u)[II(c)u"(c) f 2n(c)u(c) f~r'(c)u(c)~f

~ B v"(B - c)~(B)dB ~- v'(0)~(c) G 0
JC -

(4.2.4)

Notice that at B-c - 0 the environment is still functioning, which implies that marginal

utility is finite at that point, i.e. v'(0) G o09. For general u(.), v(.) and ~r(.) the second

order condition 4.2.4 does not have to be satisfied. However, when l(c~) and v'(0) are

sufficiently small, the second order condition will be satisfied. In that case the damage

(in utility units) associated with the threshold is relatively small. Another case in which

the second order condition is satisfied, is when there exists no amenity value and when
the probability density function is increasing in B, i.e. da : v(u) - 0 and d6 :~r'(B) 1 0.
In this case the probability density function, n, is skewed to the right, which indicates a
high probability event.

Equation (4.2.3) tells us that in equilibrium the marginal utility of consumption must

be equal to the expected marginal value of amenity plus the expected marginal loss of

utility of crossing the threshold. The level of consumption that solves the problem under

the expected utility hypotheses is denoted by ceu. A number of authors (e.g. Ciriacy

Wantrup 1952; Dasgupta 1982; Perrings and Pearce 1994) have argued that whenever

threshold levels are present, policies should aim at keeping the stock of pollution below

9See also chapter 2, footnote 20.
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the threshold level, since marginal damage will increase fast. thereafter. The first order

conditions (4.2.3) allow us to formalise this idea. The larger the expected loss of crossing

the threshold, l(a), the lower the optimal level of consumption, ceu, will be and the higher

the probability that the optimal leve] of consumption will lie below the threshold level.

In the special case that the impact of crossing the threshold is extremely large, i.e.

approaches infinity measured in utility terms, the probability of crossing the threshold

becomes irrelevant. Consumption should be limited to its minimum level Bm1,,. In

the case of catastrophic thresholds, uncertainty leads to extreme prudencelo. In case

the expected threshold damage is extremely large, the imposition of a safe minimum

standard (SMS) can thus be based on the principle of utility maximisation.

The optimal policy of society thus depends on the expected damage associated with a

threshold. Given that, as I have argued in chapter 1, it will be impossible to estimate

such an impact, any policy must necessarily be based on non-empirically verifiable as-

sumptions, or beliefs, about the shape of the damage function. Those who believe that

thresholds damages are extremely large, will be in favour of limiting consumption to

a bare minimum. Those who believe that thresholds damages are minor only, will be

in favour of a much less stringent environmental policy. Different viewpoints on policy

measures may thus be traced back to, in essence, arbitrary assumptions about the shape

of the damage function. Given that we cannot exclude the possibility of (catastrophic)

thresholds a priori, any cost benefit analysis is necessarily be based on arbitrary assump-

tions. Hence, any application of cost-benefit analysis in practice is prone to critique that

its outcome is arbitrary, and hence, inconclusive.

4.3 How Risk and Thresholds affect Choice

An important topic in the theory of consumer behaviour under risk is under what con-

ditions a mean preserving increase in risk leads to more prudent behaviourl'. Studying

savings behaviour under uncertainty Leland (1968) showed that risk aversion is not a

sufficient condition for prudent behaviour. A risk averse consumer facing a mean pre-

serving increase in risk may equally well reduce or increase his level of precautionary

loSince the maximum impact has been limited to 100Q1o of consumption, we can, strictly speaking not

deduce this from (4.2.3). However, see page 19 for a proof of this claim.
11Rothschild and Stiglitz (1970) introduced the idea of a mean preserving increase in risk. Their

definition will be given shortly.
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savings. Only when the third derivative of the utility function is positive (negative),
will a mean preserving increase in risk lead to an increase (decrease) in precautionary
savings. It is the concavity (convexity) of the marginal utility function that determines
the change in precautionary savings, not the concavity (convexity) of the utility function
itself.

A special case arises when the utility function is quadratic (u"' - 0). In that case

marginal utility is linear, and hence both convex and concave. In this special case

average marginal utility remains unaffected by a mean preserving increase in risk. A

decision maker whose preference structure is represented by a quadratic utility function,

does not change his precautionary savings when he is confronted with a mean preserving

increase in risk. This special case is known under the name of `certainty equivalence'. In

statistical terminology this means that the mean of the distribution, BCe, is a sufficient

statistic for the entire distribution function, II(B). These comparative static results

allow behaviour under uncertainty to be compared unambiguously with behaviotir under

certainty.

Given the importance of uncertainty in the case of thresholds and the impossibility to
learn anything about the impact and location of a threshold without actually crossing
it, comparative static results on how a decision maker reacts towards an increase in
risk, may be crucial in order to obtain thorough understanding of the decision making
process. The most commonly used definition of `increasing risk' in the literature is that
Rothschild and Stiglitz (1970, 1971). They have defined the order `more variable than'
between two distribution functions defined on [0, 1] as follows

Definition 4.1 Let F and G be two distribution functions on [0, 1] and let
S(y) - fó [G(x) - F(x)]d~. G is rnore variable than F i,~`' S(1) - 0 and for every
0 c y G 1, S(y) 1 0.

Their definition represents the intuitive notion that distribution function, G, is `more
variable than' distribution function, F, when G can be created from F, by successively
shifting probability mass from the centre to the tail of the distribution. Rothschild and
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Stiglitz (1970) show that this definition is equivalent with the two following definitionsr~

(i) the random variable Y is equal to the random variable X plus an

uncorrelated disturbance term,

(ii) every risk-averse individual prefers X to Y.

They also show, surprisingly, that these three definitions are not equivalent with Y

having a greater variance than X.

Although the definition of Rothschild and Stiglitz (1970) is intuitively attractive, it

has proved rather intractable in comparative static results. A more narrow definition

(in terms of distribution functions) of an increase in uncertainty has been provided by

Meyer and Ormiston (1989). An important member of the class of distribution functions

defined by Meyer and Ormiston is the uniform distribution defined on [z - e, z f e], e 1 0.

Although more strong results have been obtained with Meyer and Ormiston's definitioir

of an increase in risk than with Rothschild and Stiglitz's definition, I will corrtinue to use

the latter. However, sometimes I will refer to Meyer and Ormiston's definition by using

the uniform distribution function as an example.

In what way does the optimal response of a decision maker change when he is confronted

with a mean preserving increase in risk in the case of a threshold? Given that we

have decomposed the risk connected to thresholds into risk about the location of the

threshold and risk about tlre impact of the threshold, these questions will have to be

answered separately. First, consider a decision maker who is confronted with a mean
preserving increase in risk concerning the impact of a threshold.

Proposition 4.1 When confronted with a mean preseruing increase in risk concerning

the impact of a threshold, a decision maker ma~imizing (4.2.1) will always become more

prudent, i.e. he will reduce his level of consumption.

For a proof see appendix F. The intuition behind this result is that an increase in risk

reduces the expected value of consumption when the event `the threshold is crossed'

occurs, while simultaneously leaving the expected value of consumption unaffected when

the event `the threshold is not crossed' occurs. Any risk-averse decision maker (u" c

0) will thus display more prudent behaviour when confronted with a mean preserving

increase in risk. This result contrasts the result of Leland (1968). The intuition behind

12Here Y and X have distribution function G(x) and F(s) respectively.
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this result is that a threshold creates a dichotomy. The mean preserving increase in risk

concerning the impact of a threshold only affects those states of the world that belong

to the class `the threshold is crossed', while in Leland's case all states of the world may

be affected by the increase in risk.

Second, consider the reaction of a decision maker who is confronted with a mean pre-

serving increase in risk concerning the location of a threshold.

Proposition 4.2 When confronted with a mean preserving increase in risk concer2ing
the location of a threshold, a decision maker maximising (l~.2.1) can both become less and
more pradent. Moreover, without knowledge on the exact functional form of the utility

functions, u(.) and v(.), as well as his beliefs about the location of the threshold level, his

reaction cannot be predicted.

For a proof of proposition 4.2 see appendix G. Unlike with the impact of a threshold, the

reaction of a decision maker concerning a mean preserving increase in risk with respect

to the location of a threshold cannot be predicted. Again this is in contradiction with

the comparative static results obtained by Leland (1968), where the sign of the third

derivative of the utility function is both sufficient and necessary to predict behaviour

towards a mean preserving increase in risk. The reason is that there is no one-to-one

correspondence from Rothschild and Stiglitz's definition of a mean preserving increase

in risk to both the chance on catastrophe, II(c) and the marginal chance on a catastro-

phe, ~r(c). This result remains unchanged even when we restrict our attention to the

uniform distribution function which belongs to the more restrictive class of deterministic

transformations13

Although the reaction towards a mean preserving increase in risk with respect to the

location of a threshold can no longer be predicted in case of endogenous risk, a decision

maker faced with a certain level of endogenous risk will be more prudent than a de-

cision maker who faces a similar level of exogenous risk. This is shown by the following

proposition.

Proposition 4.3 Let the optimum of problem 4.~.1 be characterized by (c, II(c)). Let
the exogenous probability of crossing a threshold, II, be equal to II(c). The consumption
level of a decision maker facing endogenous risk of magnitude II(c) - II, will be no

13See chapter 4, footnote 28.
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larger than the consvmption level of a decision makers facing exogenous risk of similar

magnitude.

For a proof of this proposition see appendix H. The intuition behind this result is that in

the case of endogenous risk an increase in consumption raises utility, but also increases

the chance of crossing the threshold, which lowers utility. The latter effect is absent in

the case of exogenous risk.

Finally consider the question of `certainty equivalence'. The following proposition shows

that applying certainty equivalence, i.e. replacing stochastic variables by their average

value leads to unpredictable errors.

Proposition 4.4 Let BCe denote the eapected value of the carrying capacity. Under
certainty it is either optimal to consume (pollute) the size of the carrying capacity, c-

cps - B`~, or to consz~me more than the size of the carrying capacity, c- cnps - cmaxl4 If

the expected loss, l(8, u), is small (large) and the decision maker has quadratic preferences

with respect to the environment, then cp9 is smaller (larger) than ceu, i. e. certainty
equivalence breaks down. Finally, ceu ~ cnps

For a proof of this proposition see appendix I. Depending on the magnitude of the

expected loss in case of a catastrophe applying certainty equivalence will either under or

overestimate the true level of consumption. This contradicts the result by Simon (1956)

and Theil (1957). Again this is caused by the endogeneity of risk associated with the

location of the threshold.

Moreover, observe that traditional concepts from the theory of risk as risk-neutrality,

risk-aversion and risk-loving loose their meaning in cases of endogenous risk. For exam-

ple, a decision maker who is indifferent between the expected value of a risky gamble

and the gamble itself, is said to be risk-neutral. It follows immediately that such a

decision maker must also be indifferent towards an mean preserving increase in risk.

Fl~om (G-4) it then follows that we cannot identify a single utility function for which this

requirement would hold. The utility function for which we would observe risk-neutral

behaviour varies depending on the beliefs of the decision maker under consideration's

19Here cma~ is the maximum amount of consumption the economy can produce. It is assumed that

c"`a~ 1 BCe It can be thought of as the maximum amount of consumption that will be produced in the

stationary state of a market economy.
1sFor example, consider the utility function which is risk-neutral in the case of exogenous risk, the
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If I am risk-averse with respect to the (threshold) belief, F(c), I might be risk-neutral

or risk-loving with respect to the (threshold) belief, G(c). Hence, as long as beliefs of

decision makers towards the occurrence of events differ, we cannot label any utility func-

tion as being risk-neutral. Similar remarks can be made for the concepts of risk-aversion

and risk-loving.

4.4 Ambiguity and Global Warming

That ambiguity, i. e. uncertainty about one's uncertainty, may affect choice was first

demonstrated by Ellsberg (1961). His basic experiment runs as follows. Suppose hat

there are two urns, labelled I and II. Urn I contains 100 balls, either red or black. Urn II

also contains 100 balls, 50 red and 50 black. A ball will be drawn from one of the urns

at random. The respondent must choose the urn and a color. So he can make either one

of the following four bets: Red(I), Red(II), Black(I) or Black(II). When he, for example,

chooses Black(II), a ball is drawn from urn II. If that ball is black, the respondent gets

~100, if that ball is red, the respondent gets nothing. The respondents were then asked

the following four questions:

. Do you prefer ~to bet on Red(I), Black (I) or are you indifferent?

. Do you prefer to bet on Red(II) or Black(II) or are you indifferent?

. Do you prefer to bet on Red(I) or Red(II) or are you indifferent?

. Do you prefer to bet on Black(I) or Black(II) or are you indifferent?

Ellsberg found that the typical response was that respondents were indifferent between

the bets in the first and second case. But in the third case the majority preferred Red(II)

to Red(I), while in the fourth case the majority of the respondents preferred Black(II)
to Black(I). Hence, this typical respondent is regarding Red(II) as more likely than

Red(I) and at the same time Black(II), which is equal to the bet not-Red(II), as more

likely than Black(I), which is equal to the bet not-Red(I). And, as Ellsberg (1961:651)

observes, this is inconsistent with the essential properties of probability relationships,

linear utility function. Then ~--v'(0)II,(c,r) - l(B,v,)(II,.(c,r)u'(c) f ar,(c,r)u(c)), which can be

either larger or smaller than zero. So, a decision maker with a linear utility function can display both

risk-averse as well as risk-loving behaviour, which is a direct consequence of the endogeneity of risk.
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namely that probabilities over the entire domain should sum up to one. The explanation

offered by Ellsberg is that the respondents appear to prefer a non-ambiguous gamble to

an ambiguous gamble and that the ambiguity of a gamble cannot be fully expressed in

terms of the probabilities of the bet.

This judgement of the ambiguity of one's information, of the over-all cred-

ibility of one's composite estimates, of one's confidence in them, cannot be

expressed in terms of relative likelihoods or events (if it could it would sim-

ply affect the final compound probabilities). Any scrap of evidence bearing

on relative likelihood should already be represented in those estimates. But

having exploited knowledge, guess, rumor, assumption, advice, to arrive at

a final judgement that one event is more likely than another or that they

are equally likely, one can still stand back from this process and ask: "How

much, in the end, is all this worth? How much do I really know about the

problem? How a firm basis for choice, for appropriate decision and action,

do I have?" (Ellsberg 1961:659-660)

As to why respondents find some bets ambiguous and others not, Ellsberg notes that a

situation is likely to be ambiguous, if the available information is

scanty, obviously unreliable or highly conflicting; or where expressed expec-

tations of different individtrals differ widely; or where expressed confidence

in estimates tends to be low. (1961:660-661)

Variants on Ellsberg's experiments seem to confirm this view. For example, Hogarth and

Kunreuther (1985) have asked respondents to quote premiums for risks in two, almost

identical, situations.

In Situation A there is a potential loss of ~100,000 and your best estimate of

this loss occurring within the period covered by the insurance is .01. More-

over, your estimate of the probability is based on the opinions of several

experts all of whom agree on the .O1 figure. In Situation B there is also a

potential loss of 8100,000. However, whereas your best estimate of the prob-

ability of this loss occurring within the contract period is .01, this figure is

reached after considering the widely different estimates furnished by several

experts. (1985:386)
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Hogarth and Kunreuther (1985) found that decision makers were prepared to pay a 50070
higher premium (median price) for situation B than situation A. This indicates that
respondents are willing to pay a higher premium for more accurate information, even if
on the basis of that information they reach the same probability assessment. Hogarth
and Kunreuther (1985) also find that

the impact on ambiguity on insurance markets seems to be particularly im-

portant for low probability events where there are limited opportunities for

learning over time. (1985:390)

Given that ambiguity may affect choice under uncertainty, the question arises whether
or not ambiguity may affect choice with respect to global warming. Basically, this comes
down to arguing that in case of global warming the circumstances are such that ambiguity

may very likely be present among decision makers. As Ellsberg notes

Ambiguity is a subjective variable, but it should be possible to identify "ob-

jectively" some situations likely to present high ambiguity, [...~ (1961:660)

Irrespective of the fact whether global warming may be characterised by high

ambiguityls, there is the question whether the choice of a rational decision maker should

at all be influenced by ambiguity. Many economists feel, that although ambiguity may

very well offer a descriptive explanation of behaviour, it cannot offer guidance to what

decision makers should decide. In that line of arguing, behaviour influenced by ambi-
guity is equated with either ignorance or confusion. Rational choice, i.e. choice based
on the maximisation of expected utility, cannot be influenced by ambiguity other than
through the decision maker's probability estimates.
In the remainder of this paragraph I will present arguments why, in my view, ambiguity

is likely to affect choice with respect to global warming. I will then present some com-
parative static results on ambiguity. At the end of this paragraph, I will discuss whether
ambiguity may offer both a normative as well as a descriptive explanation for behaviour.

1sRecently, Fox and Tversky (1995) have argued that ambiguity is not an absolute, but a relative

phenomenon. Their experiments show that the absence of reliable information alone does not give rise
to ambiguity. Only when two decision situations are compared, one where reliable information is absent
and the other where reliable information is present, does ambiguity play a role in decision making.
However, their results give rise to several paradoxes. The most important of these paradoxes is that
decision makers seem to have different valuations for completely identical lotteries.
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The argument as to why ambiguity may have a substantial influence on the global warm-

ing debate starts with the observation that the available information on which decisions

concerning global warming must be based is far from perfect. It is, to say the least,

not very reliable, and indeed often conflicting. IVloreover, as I have argued in chapter 1

there is little prospect of learning, especially in the case of thresholds. Nordhaus (1994a)

interviewed nineteen social and natural scientists, all leading experts in their field, on

the effects of global warming on the economy. In this way he hoped to obtain probability

estimates for the potential impacts of global warming for his DICE-model. During these

interviews he observed that the respondents

expressed deep concern because the global biogeochemical system is so little

understood and perhaps even intrinsically unknowable. (1994a:50)

And as have argued in chapter 1 this may especially be true in the case of thresholds,

where the non-linearity of the relationship between emissions and damage will prevent

any learning on a reasonable time-scale. Moreover, on all questions put to the respon-

dents opinions differed widely. For the worst case scenario, a 6 degrees Celsius rise in

global mean temperature by 2090, best-guess estimates varied from 0.8 to 62 percent of

global output. Besides the finding of great dissension, Nordhaus found that

the opinions of experts revealed major differences among disciplines, partic-

ularly between mainstream economists and natural scientists (1994a:45)

This seems to suggest that the responses are biased by the backgrounds of the experts.

The finding of widely differing views combined with the presence of a systematic bias

in the responses and the prospect that little can be learned, especially when it comes to

thresholds, may give rise to a considerable amount of ambiguity among (a number of)

decision makers. Nordhaus (1994a) seemed to observe a certain ambiguity among the

respondents when writing

although the willingness of the respondents [experts in their field] to hazard

estimates of subjective probabilities was encouraging, it should be empha-

sized that most respondents proffered these estimates with reseruations and

a recognition of the inherentl' difficulty of the task. One respondent [..],

however, was a holdout from such guesswork, writing

"Italics are mine.
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"I must tell you that I marvel that economists are willing to make quanti-
tative estimates of economic con.sequences of climate change where the only
measures available are estimates of global surface average increases in tem-
perature. As ~oneJ who has spent his career worrying about the dynamics
of the atmosphere, 1 marvel that they can translate a single global number,
an extremely poor surrogate for a description of the climatic conditions, into
quantitative estimates of impacts of global economic conditions" (1994a:50-
51).

The 1992 NAS-report represents another case where decision makers explicitly refuse
to give subjective probability estimates for the effects of global warming. In the report
a range of 1 to 5 degrees Celsius is given for a temperature increase resulting from a
doubling of the C02-equivalent concentration of green house gases in the atmosphere.
In one respect the report differs remarkably from its 1983 predecessor: any probabilistic
interpretation was removed. When asked by Nordhaus as to what was meant by the
`1 to 5 degrees Celsius range', George Carrier, the chairman of the Effect Panel of the
1992 report, said in a personal communication with Nordhaus (1994b) that

the 1 to 5 degrees Celsius range was a"plausible range", but one "without a
probabilistic interpretation' . (1994b:146)

Notwithstanding its fragmentary nature, the above `evidence' seems to suggest that
both the quantity, the quality and the internal coherence of the information available
to decision makers on the effects of global warming, are such that at least a number of
those decision makers are either not willing to give subjective probabilistic estimates at
all, or, when they do give such estimates, have a low confidence in them. The conclusion
seems warranted that for those decision makers ambiguity is high. What effect this may
have on the decision making process is the subject of the following paragraphs in which a
non-expected utility approach is discussed. This approach (i) deals with the endogeneity
of risk, (ii) allows for ambiguity to play a role in decision making, and (iii) allows us to
use the definition of `more variable than' as given by Rothschild and Stiglitz (1970) to
model an increase in ambiguity18.

18For a general overview of non-expected utility approaches where risk is exogenous, see Fishburn
(1988) and Karni and Schmeidler (1991).
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4.4.1 Preferences towards Mistakes in Probabilities

In this approach I assume that the decision maker can 'translate' his views or beliefs on

the location of the threshold into a distribution function, say II(B), with corresponding

probability density function, ~r(B)19. However, the decision maker feels that the infor-

mation on which he has based his assessment is either incomplete, inaccurate or even

contradictory. Therefore he feels that he should allow for (small) mistakes in his assess-

ment of the distribution function, II(B). He does this in the following way. Given a level

of consumption he calculates the probability of crossing the threshold at that level of

consumption. This probability, called the anchor value, is given by TI(c). The decision

maker realizes that actual probability of crossing the threshold might both be larger or

smaller than the anchor value, II(c). In formal terms, the decision maker realizes that

the actual probability of crossing the threshold may differ from the anchor value by a

factor e. Here, e is a random variable with zero mean and distribution function, G(e).

Let me give an example how this may work in practice. Suppose that the distribution

function, II(B), may represent the best guess, or estimate, of the IPCC, or any other

scientist. Suppose in fact that the IPCC has the best guess of the IPCC on the location

of a major threshold can be represented by the probability density function of the normal

dístribution, N(~, v). Given that the IPCC has estimated the parameters ~ and Q, it

also has probability density functions - which are in the above representation denoted by

G(e) - on the parameters, ~c and a. Suppose now that new information comes available,

and that this information is highly conflicting with the previous information. This would

then change the IPCC's best guess estimates of the normal distribution, but it would

also widen the confidence intervals of these parameters, i.e. it would have increased

ambiguity.

Returning to the formal introduction of the decision problem, lets assume that the de-
cision maker maximizes the expectation of his utility. However; in the maximisation
problem the probabilities of crossing the threshold, II(c) f e, are weighted by a decision
weights function, f 20. This function represents, as we will see shortly, the attitude of

19In cases where a decision maker is either unwilling or unable to translate his view into a distribution
function, the approach to be presented shortly, cannot be used. In that case, other decision rules, like
the maximin-rule of a safe minimum standard, have to be used. See e.g. Perrings (1991) and Pearce
and Perrings (1994).

20Hogarth and Kunreuther (1985) have used asimilar model to model ambiguity in insurance decisions.

However, in their model risk is exogenous.
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the decision maker towards deviations from the anchor value. It satisfies the following

properties: f(0) - 0, f(1) - 1 and f' 1 0. Thus the decision maker maximizeszl

max (u(c) ~- v) B `n (1 - II(c) - e)df (G(e))f1
(1 f l(B, u))u(c) fBm ~I(n(c) ~ E)dÏ(G(E)) -

max M(c) -( v - l(B, u)u(c)) rBm edf (G(e)),
JBm,,,

(4.4.1)

(4.4.2)

where M(c) is implicitly defined in (4.4.2) and equal to the maximand of the expected

utility maximizer (see 4.2.1). The solution to problem (4.4.2) will be denoted by cnu.

Notice that problem (4.4.2) can be seen as a two-stage problem. First, the decision maker

adjusts the threshold crossing chance, II(c) to II(c) -}- fBm nx edf (G(e)), whereafter he

maximizes his expected level of utility. The following proposition shows how a decision

maker with a decision weights function, f, behaves compared to an expected utility

maximiser.

Proposition 4.5 A decision maker maximising (4.4.2) will, compared to an expected

utility ma~imizer, have

(i) a lower consumption level (cau c ceu), if f is convex,

(ii) a higher consumption level (cau ) ceu), if f is concave,

(iii) the same consumption level (cau - ceu), if f is linear.

A proof can be found in appendix J. The intuition is as follows. A decision maker

whose attitudes towards the threshold crossing probability can be characterised by a
convex decision weights function, f, attaches more weight to an overestimation of the
threshold crossing probability than to an underestimation. One might say that he is more
focused on the event `the threshold is crossed' than on the event `the threshold is not
crossed'. Consequently, he will, compared to an expected utility maximiser, reduce his
consumption. Such a decision maker will be called ambiguity-averse. Similarly, a decision

maker whose attitudes can be characterised by a concave decision weights function, f,

21For mathematical convenience it will be assumed that the amenity value is constant as long as the

threshold is not crossed, i.e. v(B - c) - v.
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attaches more weight to a underestimation than to an overestimation of the threshold

crossing probability. Compared to an expected utility maximiser such a decision maker

will increase consumption. 5uch a decision maker will be called ambiguity-loving. Finally,

when the attitude of a decision maker can be characterised by a linear decision weights

function, he is indifferent between under- and overestimations. His consumption will be

identical to that of an expected utility maximiser. Such a decision maker will be called

amóiguity-neutral. Summarising, we have that

Definition 4.2 a decision maker (u" c 0) is

(i) ambiguity-averse, if f is convex,

(ii) ambiguity-loving, if f is concave,

(iii) ambiguity-neutral, if f is linear.

Ceteris paribus, an ambiguity-averse decision rnaker perceives a larger probability of

crossing the threshold than an ambiguity-neutral decision maker, while an ambiguity-

neutral decision maker perceives a larger probability of crossing the threshold than a

ambiguity-loving decision maker. As a consequence the optimal consumption level of an

ambiguity-averse decision maker will be lower than that of an ambiguity-neutral decision

maker, which will be lower than the optimal consumptiorr level of an ambiguity-loving

decision maker. Finally, it can be shown that when a decision maker becomes more

ambiguity-averse - in the sense that his decision weights function becomes more convex -

he will decrease his level of consumption, i.e. he becomes more prudent. See appendix K.

Notice that the decision weights not only depend on an outcome's probability as in

the prospect theory of Kahneman and Tversky (1979), but also on the probability of

receiving a larger outcome (a relative ranking). This idea that decision makers also use

a relative ranking when forming decision weights, was first developed by Quiggin (1982)

and is known under the name of anticipated utility22. This model has been successfully

used to explain violations of the expected utility paradox (see e.g. Segal 1987, 1988,

1990). However, the theory presented in this section differs from anticipated utility

in one respect: the consumer not only has preferences over consumption bundles, but

over the reliability of the probabilities as well. If the decision maker is ambiguity-averse

2zIt is also known under the name of expected utility with rank dependent probabilities.
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(ambiguity-loving), this adjustment will be positive (negative), thereby raising (lowering)
his initial estimate. In case their is no ambiguity or the decision maker is ambiguity-
neutral, the adjustment is zero and he behaves as an expected utility maximizer.

A point of interest in this chapter has been how a decision maker reacts if uncertainty

about either the location or the impact of a threshold increases. Until now an increase

in uncertainty has been formally modelled by a mean preserving increase in risk. In

section 4.3 we have seen that this approach produced intractable results at least for an

increase in uncertainty about the location of the threshold. But consider instead of a

mean preserving increase in risk, which is defined over the stochastic variable, B, a mean

preserving increase in ambiguity, defined over the stochastic variable, e. A mean preserv-

ing increase in ambiguity is then defined in exactly the same way as a mean preserving

increase in risk by using the definition of Rothschild and Stiglitz (1970)23. Intuitively, a

mean preserving increase in ambiguity represents an increase in the uncertainty about

the probability of crossing the threshold. How would an ambiguity-averse decision maker

react to a mean preserving increase in ambiguity?

Proposition 4.6 An ancbiguity-averse decision rnaker decreases his consurnption level,

when the situation he faces beco~nes ~nore a~rcbiguous in the sense of definition 4.1.

For a proof see appendix L. When an ambiguity-averse decision maker is confronted
with a mean preserving increase in ambiguity, his perceived probability of crossing the
threshold rises. As a response, he will decrease consumption, i. e. display more prudent
behaviour. This result is comparable to that of Yaari (1986), and Segal, Spivak, Zeira
(1988). They find that, u" c 0 and f" ) 0, is both a sufficient and necessary condition
for a decrease of consumption in case of a mean preserving increase in risk. However,
remember that they have defined an increase in risk over consumption bundles, whereas
I have defined an increase in ambiguity over probabilities.

4.4.2 Can Ambiguity be a Guiding Principle for Choice?

In the previous paragraph an approach has been presented by which ambiguity con-
cerning the location of the threshold can be modelled. A mean preserving increase in
ambiguity was modelled in a way similar to Rothschild and Stiglitz's definition of a mean

23See definition 4.1.
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preserving increase in risk. The main result was that an ambiguous decision maker per-

ceives a higher probability of crossing the threshold even tliough his anchor value is equal

to that of a non-ambiguous decision maker. Given that the latter will choose a level of

consumption equal to a decision maker who maximizes expected utility, the optimal

consumption level of an ambiguous decision maker will be lower.

Over the past decades non-expected utility theory has been used successfully to model

observed behaviour violating the hypothesis of expected utility (see e.g. Slovic and

Tversky 1974; Einhorn and Hogarth 1986). Giverr that non-expected utility theory lras

been used as a descriptive theory of choice, the question has arisen, whether it may

be used as a normative theory of choice as we1124. Or instead should we conclude that

behaviour that does not maximise expected utility is in some sense irrational? The

debate has centered itself around two arguments: the Dutch Book Argument and the

Revealed Preference Argument. These will be discussed in turn below.

According to the Dutch Book Argument every non-expected utility maximizer is prone

to exploitation, i. e. with probability one a non-expected utility maximiser will loose

all wealth when he is confronted with a smart enough individual. The argument was

originally developed by Ramsey (1964) and De Finetti (1964) and extended to dynamic

situations by Kemeney (1955) and Freedman and Purves (1969). It runs as follows.

Suppose some decision maker does not maximize expected utility. Any book maker can

then propose a(series of) bet(s) to this decision maker with the following characteristics.

Each single bet will be favourable to the decision maker and hence he will accept them.

However, accepting the entíre set of bets implies that (i) the decision maker cannot win

money, and (ii) that he has a positive chance of loosing money. Hence, the decision

maker can be turned into a money pump: all his wealth can be drained off him. Hence,

Z'Notice that there has been a discussion about rationality (and choice) under uncertainty almost

from the moment Von Neumann and Morgenst.ern (1944) and Savage (1954) published their books. AI-

lais (1953), Ellsberg (1961), Slovic and Tversky (1974) and more recently Segal (1987, 1990), Fishburn

(1988), Gilboa (1988), Gilboa and Schmeidler (1989), Machina (1989) and Schmeidler (1989) have all

questioned, to a more or lesser extent, the alleged rationality of the (S)EU axioms. According to these

authors choices of the decision makers may satisfy a set of a priori internal consistency conditions differ-

ent from expected utility. On what conditions should exactly be satisfied they have different opinions,

but one can think of First and Second Order Stochastic Dominance, the Reduction of Compound Lotter-

ies Axiom, the Compound Independence Axiom, the Mixture Independence Axiom. etc. For a general

discussion of problems with the Expected Utility Model see e.g. Schoemaker (1982) and Machina (1987,

1989).
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the argument goes that although decision makers who maximise expected utility may
exist, they will either become broke, or come to see that it is not smart not to maximise
expected utility.

However, Schick (1986) has argued that the Dutch book argument on itself is inconclus-
ive. It does not show that

the probabilities that determine the values I set on these bets are improper25,
but only that either they are improper or the values I set on the bets are not

independent, that I value the conjunction of the bets at less than the sum of
their separate values. (1986:115)

Only in the case that a non-expected utility maximiser uses both improper probabilities
and values all bets independently, can a non-expected utility maximiser be exploited.
If he does not value all bets independently, he will simply refuse to accept the (series
of) proposed bet(s). Recently, Machina (1989) has argued that a non-expected utility
maximizer does, by definition, not. value bets independently.

There is a widespread belief that, just as intransitive preferences allow you

to be "money pumped", non-expected utility preferences make you suscep-
tible to a similar form of ruinous exploitation, namely that someone can get
you willingly to "make book against yourself". If this were true, economists
would be right to reject these models regardless of their laboratory perfor-
mance or theoretical properties. The objective of this paper is to dispel this
impression, and to demonstrate that non-expected utility models are capable
of generating behaviour that is [...] not "manipulable" in any sense that is
not also exhibited by preferences under certainty. The following section de-
velops the framework for these arguments by discussing the key distinction
between expected utility and non-expected utility preferences, namely the
property of separability across mzltually excl~asive states (1989:1624).

Hence, Machina concludes that

if an individv.al informs you fro~n the start that his preferences are non-
separable (over time, over events or over any other economic dimension), then

25Improper probabilities are probabilities that do not sum up to one.
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it is inappropriate to impose separability ex post by explicitly or implicitly

iiivoking consequentialism, and it is hardly surprising that doing so would

lead to predictions of nonsensical behaviour. (1989:1645-46).

For,

an individual would only accept a new offer in the middle of a decision prob-

lem if, when combined with he risk he has already borne, it yields a higher

preference function value than his original optimal distribution (and a for-

tiori, than his original holding) (1989:1650).

The second argument, that of Revealed Preference, argues that although one may not be

able to specify a unique probability assessment before the moment the choice is made,

this can no longer be true at the moment of choice. For, at the very moment in time

when we choose, we reveal our expectations by the act of choosing itself. As formulated

by Levi (1986):

One must be committed, whether one knows it or not, to a definite credal

probability function even though neither inductive logic nor the relevant con-

textual features furnish any reason for adopting that function rather than

another (1986:121).

Hence, according to the Revealed Preference argument both George Carrier as well as

the anonymous respondent in Nordhaus' survey might say that they are not able to give

a unique probability assessment, but at the moment they step into their cars and drive

away, they have, perhaps unknowingly, revealed it. For we must choose and when we

do, our choices reveal our expectations.

But as argued by both Levi (1986) and Sen (1993) choices by themselves do not reveal

anything. Without referring to some external reference, we cannot conclude that a person

prefers x over y, simply because when faced with a choice from {x, y}, this person chooses

x. Sen (1993) gives the following example to prove the opposite.

Suppose the person is choosing between two slices of cake offered to him, and

he chooses x from {x, y}, and y from {x, y, z} [..J. If he is simply trying to

get the largest possible slice (an external correspondence), then - given that

the sizes are all linearly ordered and easily assessed- he is indeed making
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some mistake. But suppose, instead, that he is trying to choose as large
a slice as possible, subject to not picking the very largest, because he does
not want to be taken as greedy, or because he would like to follow a social
convention or a principle learned at his mother's knee: 'never pick the largest

slice.' If the three slices in decreasing order were z, y, ~ then he is behaving

exactly correctly according to that principle. We cannot determine whether
the person is failing in any way without knowíng what he is trying to do,
that is, without knowing something external to the choice itself. (1993:501)

The argument of Revealed Preference is, by itself, inconclusive. Choices do not reveal
the reasons behind the choice. They only reveal the choice itself.

Concluding I would like to remark that ambiguity may very well be a guiding principle
for rational choice. Especially, when circumstances are such that either the quantity or
quality of the information available is questionable and the prospects for learning are
limited. In particular, these circumstances arise in the case of thresholds. Hence, the
presence of ambiguity might explain both why people are prudent, and why they should,
given their preferences, be prudent.

4.5 Conclusion

The analyses in this chapter suggests that the presence of thresholds may have a(large)

impact on the optimal level of consumption. From chapter 1 we already know that
when the impact of a threshold is suf~iciently large, consumption must be reduced to an
absolute minimum in order to reduce the probability of crossing the threshold to zero.
But even if the impact of a threshold is less dramatic, more prudent behaviour may be
in order.

As a first step, risk connected to thresholds was decomposed into risk about the impact

of a threshold and risk about the location of a threshold. We have seen that the risk

about the impact of a threshold is exogenous, whereas risk about the location of a

threshold is endogenous. A consequence of the endogeneity of risk is that a higher level

of consumption leads to a higher probability of crossing the threshold. This raises the

expected costs of pollution, which implies that consumption should be reduced compared

to its exogenous equivalent.

Furthermore, a number of comparative static results indicate that the optimal level of
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consumption is inversely related to the level of risk or ambiguity. More specifically, (i)

the less we know about the impact of a threshold, the more prudent our behaviour should

be; and (ii) the less we trust our information about the location of he threshold, the more

prudent our behaviour should be (assuming t.hat we are ambiguity-averse). Given that

there is, at least to my opinion, little prospect to learn anything about the location and

impact of thresholds, risk and ambiguity are likely to be high. Consequently, the level of

consumption should, compared to the case in which there is no uncertainty or ambiguity,

be reduced.

Appendix F

To determine how a decision maker reacts towards a mean preserving increase in risk

concerning the threshold damage, we use the definition of a mean preserving increase in

risk given by Diamond and Stiglitz (1974)26. Rewriting the first order condition (4.2.3)

in order to get an explicit representation of the mean preserving risk parameter, r, gives

f(c) - u'(c) - f BmO2 v'(B - c)~r(B)dB -

(1 -
J

1 u(a)B(a, r)da)(II(c)v.'(c) ~~r(c)u(c)) - 0, (F-1)
0

where I have used he fact that v(0) - 0. Differentiating this expression with respect to
the mean preserving risk parameter, r, while assuming that c is a function of r, gives

f(c)dc - -(~~ u(a)Br(a, r)da)(II(c)u'(c) -I- ~(c)u(c)). (F-2)

To determine the sign of dr, we have to determine the sign of the integral in the RHS
of (F-2).

fó z~(a)Br(a, r)da - u(a)~r(a, r) ~ó - fó u'(a)9r(a, r)da

-- fó u~(a)d fó e r(y, r)dyda

- -~~(a) f0 er(y~ r)dy IÓ ~

fó u"(a)T(a,r)da

- fó u"(a)T(a,r)da C 0.

(F-3)

Z6An increase in r represents a mean preserving increase in risk if fó F(x, r)dx - 0 and T(y, r) -

f~F(a,r)dx?O,ocyCl.
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Here, I have used the fact that O,.(0, r) - e,.(1, r) - T(0, r) - T(1, r) - 0. Hence, we

have

sgn(~r) - sgn(- (fó u(a)6,.(a,r)da~~~c)u'(c) ~- ~r(c)u(c)) ) ~
0. (F-4)

Appendix G

To determine how a decision maker reacts towards a mean preserving increase in risk

concerning the location of a threshold we use the definition of a mean preserving increase

in risk given by Diamond and Stiglitz (1974)27. Rewriting the first order condition (4.2.3)

in order to get an explicit representation of the mean preserving risk parameter, r, gives

f(c) - u'(c) - B v'(B - c)~r(B, r)dB -
~ x

l(B, u)(II(c, r)u(c) -}- ~r(c, r)u(c)) - 0, (G-1)

where I have used the fact that v(0) - 0. Then we differentiate this expression with

respect to consumption, r, again assuming that c is a furrction of r,

dc Bma~
f(c)dr - f v'(B - c)~r,(B, r)dB ~- l(B, u)(II,.(c, r)u'(c) f ~r,.(c, r)u(c)). (G-2)

To determine the sign of á, we first determine the sign of the integral in the RHS
of (G-2).

fBmo~ v'(B - ~)~rr(B, r)dB - v(B - c)nr(B, r) ~Bma~ - fBmar v,r(B - c)nr(B, r)dB
- ,~r(Bmax - C)~r(Bmnx r) - vr(0)jIr(c, r)-

~,Bma: vrr(B - C)IIr(B, T)dB

--v'(0)Hr(c, r) -
fBma~ vrr(B - c)II,.(B, r)dB,

since II,.(Bm6z, r) - 0. This follows from II,.(B,,,,,,, r) - II,.(B~s, r) - T(0, r) -

27See chapter 4,footnote 26.



Appendix 97

T(l,r) - 0. Integrating the integral in (G-3) by parts a second time gives

fBma~ v„(B - c)IIr(B, r)dB - fema~ v„(B - c)d fB nr(y, r)dydB
- v"(B - c) fB Hr(y, r)dy

~Bmna -

fBma~ vrrr(B - c) .~as Hr(y, r)dyd13
- Un(Bmax - ~)T(Bmax r) - v"(0)T (C, r)-F

f Bmax v"'(B - c)T(B, r)dB

--v"(0)T(c, r) f,~Bmnx v"'(B - c)T(B, r)dB.

where T(y, r) has been defined in footnote 26. Hence, we have that

Bma~
sgn(~~) - sgn(v'(0)IIr(c, r) f v"(0)T(c, r) - f v"'(B - c)T(B, r)dB ~-

l(ei u)(~r(Ci r)u (C) ~ ~r(Ci r)~(C)))' (C-T-4)

Observe that v'(0), u(c), u'(c), T(c, r) j 0, v"(0) G 0 and that the sign of IIr(c, r), nr(c, r)

and v"'(B - c) is indeterminate. Notice also that the sign of IIr(c, r), ~r,.(c, r) may depend

on c and can change within the same distribution28. Hence, the sign of dr is indetermi-

nate.

Appendix H

A decision maker, who faces an exogenous instead of endogenous probability of crossing

the threshold, maximizes

max (u(c) f v(B - c))(1 - II) f(1 - l(B, u))IIu(c),

leading to the following first order condition

1- l(B, u)IIu,(c)
- v'(B - c),

1-H

where the solution of this equation is denoted by c. I define

(H-1)

f(c) - u'(c) - l(B, u)(II(c)zi (c) ~- rr(c)u(c)) - f Bmas v'(B - c)~r(B)dB. (H-2)

28This can be easily shown by taking the uniform distribution, U(B,,,;n - r, Bn`as f r) as an example.

Then II, c, r- Bmazt~~ ) 0 iff c C Bm,ntemaT
( ) - Bmor-e.~..,tzr~ z
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Evaluating (H-2) at c and replacing v'(B - c) by the expression given in (H-1) we get

f(c) - u'(c) - l(B, u)[II(c)u'(c) ~- ~r(c)u(c}~-
fBma~ 1-1 Bn nu'(c)~r(B)dB
u'(c)(1 - l(B, u)II(c) - i-i e~ n(1 - II(c)) - 1(B. u)~r(c)u(c).

Since by assumption II- II(c) and l(B, u) ) 0, we get

f(c) - -l(B, u)~r(c)u(c) C 0.

Hence we have that c 1 cell for II - II(c).

Appendix I

First of all, solve the problem under certainty. Noticing that the value of the buffer

is given by BCe, the decision maker's problem is to find the consumption level that

maximizes

max~ u(c) f v(B~` - c) , c C B~,
ma7íc -l(e, u)2l(C) , BCe G C C Cmax

Noticing that the above problem is non-convex, solve the problem under the requirement

that c C Bee. This gives as a first order condition u'(cpe) - v'(B`e - cp9) where cps is
implicitly defined as the optimum value of consumption when the threshold is not crossed.
Alternatively, solve the problem under the requirement that c 1 BCe. Then cnps - cmax

meaning that cnp' is equal to the optimum value of consumption when the threshold is

crossed. Notice that both cp' and cnps may maximise the above problem. When cmax is
large and B~ is small, crossing the threshold will give a higher level of utility than not
crossing the threshold29.

In case utility is maximised by crossing the threshold, we have that ceu ~ cnps - c,aax

i.e. certainty equivalence no longer holds. In case utility is maximised by not crossing

29Compare with the results of chapters 2 and 3.
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the threshold evaluating (H-2) a.t cps gives

f(CP9) - 7l'(Cps) ~ l(B, TL)(II(Cp9)2L'(Cp9) ~ 7f(Cp9)7l(Cps))-

fB,as v'(B - cp9)~r(B)dB

- ~l'(Cps) - 71'(Bce - Cps)

f~(B, 2l)(H(Cps)2G'(CP3) -~ 1r(C~3)2l(Cps))-~ (I-1)

,U'(BCe - Cps) - ,U'(B` - CP~)~

H(l cP9) f
ema~

v'(B - cp9) ,~ a dBf~P' r-n(~n')v,(B' - cp9) - fBma~
v'(B - cn9)~LdB

~" 1-R(~p')

where B' - fBma~ Bn B dB. Since the decision maker prefers cps in the certainty~o' 1-n(~p')
equivalence case, we have that the first term is zero. If the preferences of the decision

maker are quadratic, we have that the third term in ( I-1) is positive ( since B` ) B"),

the fourth is positive, and the fifth term is zero by Jensen's inequality. Hence, in this

case ( for small l(B, u)) we have f(c~s) ~ 0, implying that cps c ceu. Again certainty

equivalence does not hold.

Appendix J

Differentiating (4.4.2) gives

M'(C) - l(B, u)u(C) f6 naI EdJ ( G(E)) - l(B, u)u'(C)~Bmax -~B na: f(G(E))dE~. (J-1)

Notice that M'(c) - 0 is the first order conditon for an expected utility maximizer. The
second equality in equation (J-1) follows by integration in parts and the properties of

the function f: f(0) - 0, f(1) - 1. To prove part ( iii) of the proposition, observe that

if f is linear, fBm nz Edf (G(e)) - fBm ns edG(e) - 0. Hence, M'(c) - 0 and c~u - ceu.

To prove part ( i), notice that if fl is more convex than f2 ( fr - h o f2, where h is

a convex function), then fBm n~ fr(G(e))de C fámnz f2(G(e))de (see Yaari (Theorem 1,

1986)). Since every convex function is more convex than the linear function, we have

that M'(c) ~ 0. Hence, cau G ceu. A similar argument establishes part (ii) of the

proposition.
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Appendix K

If a decision inaker becomes more ambiguity-averse we know that his decision weights
function, f, becomes more convex. Again from Yaari (Theorem 1, 1986), we have that

~Bma~
f~(G(E))de c

rBma~
fz(G(E))dE,am,,, Jam,,,

where fl is more convex than fz. Hence we know that

D Edfl(G(E)) 1 ~ Edf2(G(E)) ~ ~i
~B,.~.n ~B,.~.,.

(K-1)

(K-2)

Evaluating the first order condition of the decision maker before the change in ambiguity-
aversion at the consumption level after the change in ambiguity-aversion, cl, gives

r o --
M~(Cl) - L(B,21)~ (CI)

J Edf2(G(E,T)) -
8,~, ~

Bma~
M~(ci)-~(e,u)u~(ci) fB m,,, Edfi(G(E,r))-

Bma~ Bmar
Z(B,u)u(ci)~~am:~ Edfz(G(F,r))-~a~:- Edfi(G(E,r))~-

-l(B, u)u (cl)~~B,no:
~df2(G(~, r)) - ~B.~a: ~dJ

1(G(E,T))] ? 0.
8.., ~ ~ Bm.n

Hence, consumption decreases if the decision maker becomes more ambiguity-averse, i.e.
cl G c2.

Appendix L

Suppose that the decision maker is ambiguity-averse ( f" ~ 0) and that he is confronted
with a mean preserving increase in ambiguity. That is, he maximizes

max (u(c) f v) fBm (1 - II(c) - e)df (G(e, r)) f 30
JBm.~

(1 - l(9, u))u(c) 6 (II(c) f e)df (G(e, r)) - (L-1)lam:~
3oHere an increase in r represents an increase in ambiguity. See chapter 4, footnote 26.
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max M(c) -(v -F l(B, u)v,(c)) ~B m~~ Edf (G(E, r)). (L-2)

The first order condition belonging to (L-2) is,

M'(c) - l(B, v,)u'(c) ~Bm~~ Edf (G(E, ~r)) -~l(B, n)~~'(c)[B",az -
.~B,n~ f (G(E, r))dE].

Differentiating this equation with respect to c and r gives

[M"(c) - l(B, v,)u"(c) f B Tax Edf (G(E, r))~dc -

-l(B,v.)u'(c)[~Bm~~ f'(G(E,r))Gr(E,r)dE~dr (L-3)

Evaluating the integral in the RHS of L-3 gives
Bma~ Bma~ E

IBm;n
f,(~i(E,r))~ir(E,r)dE-~Bmin

f,(G(E~r))d~BmtnGr(y,r)dydE-

E
- f~(G(E, r)) f Gr(y, r)dy ~sm,,, -Bn,,.,

rBma:
fn(G(E, r))9(E, r) ff Gr(y, r)dydE -JBm.~ Bm,n

B f'r( -i}r(E, r))g(E, r)T(E,7')dE.
- - ~8.,,:.,

Integrating by parts gives the second equality. The third equality follows from the

definition of a mean preserving increase in ambiguity (see footnote 26). For an ambiguity-

averse decision maker we have that f" 1 0. iVloreover, g(E, r), T(E, r) 1 0. Hence, the

evaluated integral is negative. It then follows that the RHS of (L-3) is positive. Also,

for a ambiguity-averse decision maker fBm n2 Edf (G(E, r)) C 0. By concavity of the utility

function it then follows that the LHS of (L-3) is negative. This leads to the conclusion

that for an ambiguity-averse individual d C 0, i.e. he will decrease consumption if he

faces an increase in ambiguity.



Chapter 5

Thresholds and Equity

Considerations

5.1 Introduction

In previous chapters the optimal allocation of resources in the presence of thresholds

has been analysed by using optimal control models. One of the crucial assumptions

made in those models is that there exists a benevolent social dictator who maximises

the utility of a so-called representative individual or family. This assumption is usually

made plausible on the grounds that the preferences of this representative individual are

a sufficiently close representation of the `average' preferences in a society. In that case

the solution to the optimal control problem of the benevolerrt social dictator is likely to

be a sufficiently close approximation of the underlying Paretian optimum. This entails

that the results reached in the previous chapters may be used to determine the optimal

- in the sense of efficient - allocation of resources within society.

But the optimal control methodology may be problematic for a number of reasons.

First of all, the problem at hand may be such that it is not clear, or perhaps even

impossible, to construct the preferences of the representative individual. For example,

profound differences of opinion on the value of our em~ironment may make it impossible

to construct the preferences of the 'representative' individual. Suppose that it is my belief

that the environment should remain as pristine as possible, whereas you believe that the

environment has virtually no worth. What then are the preferences of the representative

individual? Are they a weighted average of the individual preferences, should they be
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constructed on the basis of the potential Pareto criterion, or are they - in the case of
many individuals - perhaps given by the preferences of the median voter? A second,

and more fundamental objection to the optimal control methodology is, that it is not

clear why a society would be interested in the optimisation of utility. From the fact that

a Pareto improvement has been identified, and hence, could be implemented, does not

automatically follow that it should be implemented (see e.g. Hennipman 1995). Perhaps
society would rather see that the allocation is equitable (by whatever standard), or that
the allocation respects certain rights or princíples. So, the research question within this
final chapter is by what standards or principles a society can decide - bearing in mind

that there exist a plurality of opinions and desires - what it should do, and what it should

not do?

In order to answer this question I will turn to the methodology presented by Rawls in
his book A theory of justice. There, he argues that individuals in a well-ordered society
will choose a set of principles, called the principles of justice, which will `regulate all

further agreements; they specify the kinds of social cooperation that can be entered into

and the forms of government that can be established' (Rawls 1971:11). Moreover, these

principles of justice are the principles that `free and rational persons concerned to further

their interests would accept in an initial position of equality as defining the fundamental
terms of their association' (Rawls 1971:11). Any theory on the basis of which these
principles of justice can be derived must, in Rawls' view, not only present a coherent

framework based on reasonable philosophical conditions on principles, but also comply

with what we think is wrong and right. This is as Kymlicka calls it `the ultimate test

of a theory of justice [...] If on reflection we share the intuition that slavery is unjust,
then it is a powerful objection to a proposed theory of justice that it supports slavery.

Conversely, if a theory of justice matches our considered intuitions, and structures them

so as to bring out their internal logic, then we have a powerful argument in favour of

that theory' (Kymlicka 1990:7). Kymlicka recognizes the possibility that our considered

convictions of justice may be baseless, but there is according to him no other way of

proceeding.

But I do not believe there is any other plausible way of proceeding. In any

event, the fact is that we have an intuitive sense of right and wrong, and

it is natural, indeed unavoidable, that we try to work out its implications
(Kymlicka 1990:7)
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The structure of this chapter is as follows. In paragraph 5.2 I will intxoduce what

will henceforth be called the life-externality problem. The basic trade-off to be made

within this problem is that an increase in consumption for some individuals leads to

a decrease in the survival probability, the probability of staying alive, for at least one

other individual. In the subsequent paragraphs I will analyse the life-externality problem

from the point of view of four competing theories of justice. These theories are the

neo-classical approach which uses the concept of Pareto optirnality as put forward by

Pareto (1927)', utilitarianis~n as put forward by Hare (1982, 1984), liberal equality as

put forward by Rawls (1971), and finally, libertariareismas put forward by Nozick (1974).

Special attention will thereby be given to the way in which these theories would allocate

resources throughout society. In the concluding paragraph I will focus on the question

whether or not the outcomes of these four analyses match our intuitive sense of right and

wrong. In addition to that, I will briefly discuss two alternatives to the above theories,

namely Buchanan's justice as deraocratic rnutual advantage (1987, 1989) and Dworkin's

eqzlality of resources (1981a, 1981b).

5.2 The Life-Externality Problem

To get a crystal clear understanding of what is meant by the life-externality problem
let me sketch a hypothetical situation which, in my view, captures some of the most

intriguing aspects of an international (or interpersonal) pollution problem. Imagine that

there are n individuals indexed by 1, 2, ..., n, with corresponding utility functions, UZ(.).

There are two goods available for consumption, a clean consumption good, G, and a

dirty consumption good, D;. These two consumption goods are identical, but for the

fact that consumption of the dirty good leads to a proportionate stream of pollution,

Pz - D;. For convenience, it is assumed that no individual has a preference per se for
the dirty consumption good over the clean consumption good. This means that on their

desirable characteristics the clean and dirty consumption good are perfect substitutes of

each other. To give an example, when faced with a choice between a train driven by a

lIn this chapter I will use the term neo-classical npproach to refer to the point of view that society

should base its decisions on the (potential) Pareto criterion. It must be noticed, however, that the

criterion of Pareto optimality is a definition only. For example, the fact that a certain allocation is

Pareto optimal, does not say anything about the desirability of that allocation (see e.g. Hennipman

1995).
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steam or an electrical locomotive, which is the only difference between these two modes
of transport, consumers do not attach any utility to the nice and characteristic sound or
sight of a steam train. They value trains only for their speed, convenience and accuracy.
The utility function of individual i can now be written as, Ui(Ct f Di, N~), where N;
denotes other - non material - aspects that affect utility.

Pollution caused by the individuals is added to the stock of pollution, P-~i1 P;. Al]

individuals know that a higher stock of pollution implies a lower survival probability, IIZ,
which is the probability that an individual stays alive. They also know that as long as the
stock of pollution is smaller than the critical load, Li, which may differ per individual,
the survival probability equals one. To summarize

ih(P - L,) -
( 1 ,ifP-Li C0,

Sl cl ,ifP-L;10,
(5.2.1)

IIz(P - L2) -
~ 0 , if P- L~ c 0,

c0 ,ifP-Li~O.
(5.2.2)

where lIí(.) denotes the derivative of the survival probability. The individuals make

their decision on the level of consumption of both the dirty and the clean consumption

good prior to the revelation of the uncertainty. After the uncertainty has been lifted,
they are informed who stays alive and who dies. Asymmetries in the individual survival

probabilities are captured by means of different functional forms of, IIi(.), and thresholds,

L;2. To complete the model, it is assumed that both the clean and the dirty good are

available - in unlimited amounts - at fixed prices, pc and pD. Here, ~c ~ pD, i. e. the

clean good is more expensive than the dirty good. Moreover, each individual has a

monetary endowment, Y„ which he can spend on either one of the goods. If individuals
are expected utility maximizers, they would face the following maximization problem3.

max IIt(P - L,)Ui(C; f Di,1Vt) ( 5.2.3)C; , D;

s.t. pcCs f PDDz - Y (5.2.4)

20ne could suffice with the remark that the II;(.) may differ across individual people without in-

troducing the threshold levels, L;. However, it turns out that they make the analysis in the following

sections more transparent.
3In order for the problem to be interesting I assume that ~"-1 ~~ L; for at least one i, i.e. atJ- P~

least one person's survival probability is affected, if the level of pollution approaches its maximum level.
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n n

P-~Pi-~Di
;-r ~-r

(5.2.5)

C;, Di 1 0 (5.2.6)

d~~Z : D~ given, (5.2.7)

Y given. (5.2.8)

An example may make the qualities of the model more manifest. One of the most

important consequences of global warming is the effect of a changing climate on human

health. As the IPCC (1996b:564) observes

In conclusion, the impacts of global climate change, particularly if sustained

in the longer term, could include a multitude of serious - but thus far un-

derrecognized - impacts on human health. Human population health is an

outcome that integrates many other inputs, and it depends substantially on

the stability and productivity of many of Earth's natural systems. There-

fore, human health is likely to be predominantly adversely affected by climate

change and its effects upon those systems.

Ando et al. (1996) distinguish between two ways in which global warming may give rise

to adverse health effects, direct and indirect. Direct effects are effects that result from

changes in climate characteristics or short-term weather extremes that impinge directly

on human biology. Examples are thermal stress and extreme events like cyclones, floods,

droughts, etc. Indirect effects are effects that do not entail a direct causal connection

between climate factors - heat, humidity, extreme weather events - and human biology.

Examples are vector-borne diseases (malaria, schistosomiases, sleeping sickness, etc.),

water- and food-borne diseases (cholera, salmonella, amoebas, etc.), malnutrition, sea-

level rise and interactions betweerr climate change and air pollution.

To put some numbers in, under benchmark warming4 increased heat stress alone would

lead to approximately 138.000 additional deaths annually (Frankhauser 1995). The

largest number of deaths would occur among the elderly, the young and the poor, be-

cause of their limited physiological or economic ability to adapt. One out of every six

deaths attributable to incre~c:d heat stress would occur in OECD countries.

4Benchmark warming is commonly used to denote a 2.5 degrees Celsius rise of the earth's global

mean temperature in response to a doubling of the C02 concentration.
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Benchmark warming would also increase the percentage of the world population living
within the potential malaria transmission zone from around 45 percent to 60 percent
of the world population. Worldwide, this would result in 50 to 80 rnillion additional
malaria infections in the year 2100 (Martens et al. 1995). Given their lack of natural
acquired immunity, fatality rates of newly affected people will be considerably higher
than among traditionally affected people. Although gobal warming could potentially
lead to the reemergence of malaria in temperate areas, like North-America, Europe and
Australia, the existing public health services in those countries make this unlikely.

In spite of the fact that these figures must be treated with caution, there exists a general
consensus that climate change may substantially increase the number of annual deaths.
On the basis of the existing evidence indirect effects are likely to dominate over direct
effects. Moreover, `the scale of these climate-related changes would, in general, apply
to whole populations or communities, rather than to small groups or individuals' (Ando
et al. 1996). The change in survival probabilities is thus likely to be distributed asym-

metrically between groups of persons. Within these groups relatively high increases in

mortality rates are to be expected among the poor, the elderly and the young.

Yet another way to obtain some intuition for the size of these effects is to monetise the
adverse health affects and compare them to other non-health effects of climate change.
Given that the monetisation of health effects is a highly controversial subject, these

numbers should be treated with extreme caution. Nevertheless, such a back-of-the-
envelope analysis may be helpful to obtain some feeling of the magnitude of the adverse
health effects. Estimates for the worldwide increase in total annual mortality damages
vary between ~49 to ~188 billion worldwide (see e.g. F~ankhauser 1995; Tol 1995). The
primary reason behind the large discrepancies in these figures lies in the different value of
life-estimates that have been used by these authors'. For example, Frankhauser (1995)

SIn the literature several ways have been proposed to estimate the 'value of a life', or the `value of

a statistical life'. First, there is the human capital approach, which estimates the value of a life as the
discounted sum of (net) output produced by that individual. Second, there is the willingness-to-pay
approach in which respondents are asked to state how much they are willing to pay in order to decrease
their risk of death. The value of a life is then calculated by dividing the individual's willingness to
pay over the change in the level of risk. Instead of the shorthand 'value of a life' it would be more
appropriate to use the term 'the discounted sum of output produced by an individual' for the human
capital approach and 'the expected value of a life given an initial level of risk and for an infinitesimal
reduction in risk' for the willingness to pay approach. See Linnerooth (1979) for a theoretical overview
of these approaches.
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presents two cases. In the first case he uses value-of-statistical-life estimates - depending

on regional income levels - varying between ~0.1 and ~1.5 million. This reflects the fact

that an inhabitant from a third world cotmtry will have - because of a lower income - a

lower willingness-to-pay than an inhabitant from, for example, the United States. Given

that the distribution on income on which these willingness-to-pay estimates have been

based, may not be considered just, Frankhauser presents a second case in which he values

all human lives at an identical ~1 million. On the first assumption Frankhauser reaches

an estimate of ~49 billion for the annual increase in worldwide mortality, whereas on

the second assumption he reaches an estimate of ~140 billion. In contrast, Tol (1995)

assesses a statistical life at ~250,000 plus 175 x(annual income per capita). His value

of life estimates thus range from ~299,000 for an inhabitant of Centrally Planned Asia

to ~3.4 million for an inhabitant of the American parts of the OECD. Based on these

figures Tol estimates the worldwide increase in total annual mortality damages to be

~188 billion. In terms of total damages attributable to the global warming, annual

mortality damages represent between 18 and 38 percent of total annual damages in the

analysis of Frankhauser (1995) and almost 60 percent in the analysis of Tol (1995). These

percentages indicate that a substantial part of the total damages attributable to global

warming are made up of mortality damages.

In the context of global warming the life-externality problem can thus be characterised as

follows. First, global warming will produce benefits in the form of a higher consumption

level. In the formal life-externality problem presented above the level of consumption

for individual i may vary between Ct ~- D2 - Y~p~ ( zero pollution) and G f Di - Y~pp

(maximum level of pollution). Second, global warming will lead to a decrease in the

survival probabilities, and hence, to an increase in the annual number of worldwide

deaths. Notice that the decrease in survival probabilities will be asymmetrically dis-

tributed with the largest number of casualties among the poor, the elderly and the

young. This means that especially the population in developing countries is likely to

suffer most from detrimental health effects. In the formal life-externality problem, we

have that the indívidual survival probabilities will be at most, II2(0 - Lz) - 1, and, at

least, IIi(~j-1 D~ - L2) - II;(~j-1 p- L,) C 1. Notice that as a result of an increase

in pollution individual welfare may both increase as well as decrease. In the formal life-

externality problem, individual welfare may increase, because of enhanced consumption

opportunities, but may decrease, because of a decrease in the survival probability. Thus
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the net result of an increase in pollution on individual welfare will in general be ambigu-
ous, unless, for example, the non-material effects of pollution on utility, N;, dominate all
other effects in which case the individual is unambiguously worse off.
In the remaining part of this chapter I will discuss four different theories of justice that
may be used, or have been used, to analyse the life-externality problem presented above.
These theories are: (1) the neo-classical approach; (2) the utilitarian approach; (3) John
Rawls' theory of justice; and finally (4) Robert Nozick's Libertarianism. After a general
introduction each of these theories is applied to the life-externality problem presented
above.

5.3 The Neo-Classical Approach

5.3.1 Pareto Optimality

The single most central concept in the modern economic literature is the notion of Pareto
optimality. Introduced by Pareto in the 19th century, Pareto optimality has become the
workhorse of the mainstream economist. To recapitulate, let me define its basic concept,
Pareto superiority. Consider an economy with n consumers indexed by i- 1, 2, ..., n.
Let x-(xl, x2, ..., xn) and y-(yl, y2, ..., yn) denote two different allocations in which
consumer i has a consumption bundle xz and yt respectively.

Definition 5.1 Consider two allocations, x and y. The allocation y is said to be Pareto
superior to the allocation x if everyone prefers y to x. That is, an outcome is Pareto
superior, if it holds for all i that consumer i prefers y~ to xZ.

The definition tells us that if every consumer prefers bundle y; to bundle xi, then the
allocation y is better than the allocation x. The notion of Pareto superiority can be used
to define a Pareto optimal allocation.

Definition 5.2 An allocation x is said to be Pareto optimal if there is no other feasible
allocation y which is Pareto superior to x.

It follows that at a Pareto optimal allocation, say x, it is not possible to make anybody
better off without making somebody else worse off. What has made the notion of Pareto
optimality so popular among economists is that (1) it does not need any interpersonal
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comparison of utility, which are considered to be without scientific foundation (Robbins

1932) and hence have no meaning (Arrow 1951); (2) a movement to a Pareto optimum

is seen - by many - as a desirable state of affairs for society (e.g. Mishan 1980). But the

Pareto criterion has a number of serious drawbacks. The first drawback is that a move

to or toward a Pareto optimum can only be guaranteed to be an improvement in welfare

for all individuals, if it is a move to or toward an exchange optimum. In contrast, a

move to or toward a production optimum does not necessarily result in a higher level of

welfare for all individuals.

A movement to or toward an optimtmr production point is an unambiguous

potential improvement with certainty only if the movement toward the opti-

mum entails an increased production of at least one good without reducing

the production of another good. (Mishan 1980:10).

The second drawback is that the Pareto criterion only gives a partial ordering of the set

of all feasible allocations. In general, it selects an infinite amount of allocations which

are all Pareto optimal. Hence, the Pareto criterion can give no guidance as to whether

the Pareto optimal allocation x is better than the Pareto optimal allocation y.

In order to resolve this dilemma Kaldor (1938) and Hicks (1939) introduced the notion

of a potential Pareto improvement. In order to compare two (non Pareto cornparable)

points, x and y, it is said that allocation y is a potential Pareto improvement over x, if

there exists a redistribution (compensation) such that everyone prefers the reallocation

of y over x. Notice that tlre potential Pareto criterion does not require that redistribution

actually takes place. All that it requires is that a redistribution is - at least in theory

- possible. However, the Kaldor-Hicks criterion has two serious drawbacks as well. The

first drawback is that it is inconsistent. An allocation y may be a potential Pareto

improvement over another allocation x, while at the same time x is a potential Pareto

improvement over y(Scitovsky 1941)s. The second drawback is that it is not clear

óThis is caused by the change in the welfare distributions from :r to y. To overcome this problem

Scitovsky proposed two tests. In order to be an improvement for society an allocation y not only has

to be a potential Pareto improvement over allocation z, but allocation x may not be a potential Pareto

improvement over y. However, Gorman (1955) showed that the Scitovsky criterion may suffer from

intransitivities, and acting on it may actually result into a reduction of welfare. As noted by Mishan

(1980:5) a truly comprehensive criterion has to involve a comparison of two situations with reference

to all conceivable distributions of welfare. For it is the interdependence of relative prices and welfare

disiributions that lies at the heart of the incori~istencies.
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why a society, especially the losers, should endorse a potential Pareto improvement. In

this respect Mishan (1980) lists four reasons why potential Pareto improvements may

nevertheless `qualify for society's seal of approval'. These reasons are

(a) That economic changes that are potential Pareto improvements do not in fact have

significant regressive distributional effects;

(b) That the existing progressive-tax structure provides adequate safeguards against

the occurrence of such distributional effects;

(c) That over time a succession of economic changes countenanced by the potential

Pareto criterion is, in any case, unlikely to produce regressive distributional effects

of any importance; or

(d) That such a succession of economic changes has a better chance of raising society's

living standards over time than a succession of economic changes sanctioned by

any other economic criterion. (Mishan 1980:182-3)

But accepting any of iVfishan's reasons entails, albeit implicitly, making interpersonal

comparisons of utility. For how does one judge whether distributional effects are `signif-

icant', that the existing tax-structure provides `adequate' safeguards, that a succession

of economic changes is `unlikely' to produce regressive distributional effects of `any im-

portance' and that such a succession of economic changes has a`better chance' of raising

society's living standards?

A final remark on the neo-classical approach concerns the tool by which potential Pareto

improvements may be identified. Suppose one is interested in the fact whether or not

the introduction of a new health program raises the welfare of society (in the sense that

it is or is not a potential Pareto improvement). A measure of the associated change

in welfare can then be obtained by summing up the (estimated) individual consumer

surpluses arising from that change7. If the change in total consumer surplus is positive

- and if one believes that potential Pareto improvements are a good thing - the health

program should be introduced. If, on the other hand, the change in the total surplus is

negative, the health program should not be introduced. At this point I will leave the

~How this is done in practice is not the subject of this paper. See for a survey of techniques, for

example, Johansson (1987).
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discussion of the theory of welfare economicsg and turn to the application of the theory
in one particular area, namely that of the value of life.

5.3.2 Pareto Optimality and the Value of Life

The application of cost-benefit analysis to trade-offs concerning risks to life has been a

very controversial subject within the economic literature since the late 60's. Starting with

Schelling (1968) a number of authors argued that cost-benefit analysis should be used

to value the lives saved or not saved by public programs (see also Jones-Lee 1974, 1976;

Mishan 1980). Most of the early empirical literature on the `value of life' is concerned

with individual risk-consumption trade-offs. To name a few, the value of a human life

is inferred by Conley (1976) from the demand for safety, by Viscusi (1978) from the

labour market data on dangerous and non dangerous jobs, by Blomquist (1979) from

the estimated disutility of seat belts, and by Dardis (1980) and Garbacz (1989) froin the

purchases of smoke detectors.

In the late seventies a debate took place whether or not the government might use the
individual risk-consumption trade-off to value public programs that increase the number
of deaths. Broome (1978) argued that the ex ante valuation based on the individual
risk-consumption trade-off was irrelevant, because it is a valuation of the expectations

created by the program and not a valuation of the actual program itself. The latter -
according to Broome - must necessarily be an ex post valuation. An example may clarify
this. Suppose a certain program would increase the number of deaths with one hundred.
Then this may be represented e~ ante by a small increase in the risk of dying, but ex
post by the death of a hundred - be it unidentifiable - people. The ex ante valuation of
the lives lost would be finite, since the individual willingness-to-pay is finite. But the ex

post valuation of the lives lost would be infinite, for no amount of compensation would

compensate an individual in the face of immediate death. Hence, Broome argues, the
government has no other option that to put an infinite value on eacli of the lives lost.

The fact that the government does not know who is going to die is thereby irrelevant; a
hundred people are still going to die. Hence, the only reason - as it seems - why people
would agree with the project, is that they are not fully informed.
The article of Broome triggered a number of responses by Buchanan and Faith (1979),

BThose who want to read more on this subject can consult any introductory textbook on the subject

like Feldman (1980). For a critical review of the theory see e.g. Mishan (1980) and Hennipman (1995).
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Jones-Lee (1979) and Williams (1979). In a reply Broome argued, correctly in my view,

that neither of these authors had in fact refuted his argument. He restated his conclusion

that it is illegitimate to value public programs which kill lives by means of the willingness-

to-pay approach. Notice that programs which save lives may still be valued by the

willingness-to-pay approach, because Broome's argument has no bearing on programs

that save lives.

Notwithstanding Broome's argument the individual risk-consumption trade-offhas been

used by many authors to value public programs that kill lives and save lives. Acton

(1973) uses willingness-to-pay estimates to value the benefits of improved ambulance

services. In the same way Jones-Lee (1976) estimates the benefits of airline safety, while

Brent (1981) estimates the benefits of limiting the speed limit from 60 to 55 m.p.h.. More

recently, economists have begun to use individual willingness-to-pay estimates to value

the - morbidity and mortality - benefits of reductions in environmental pollution. Exam-

ples are Gerking and Stanley (1986) who value reductions in the ozone concentration as

do Krupnick and Portney (1991); Smith and Desvousges (1987) value reductions in levels

of hazardous wastes, while Halvorsen (1996) values reductions of car traffic emissions;

other studies include Magat et al. (1991), Viscusi et al. (1991), Krupnick et al. (1996),

Alberini et aG (1997) and Chestnut et al. (1997).

On first sight, it appears that these studies are unaffected by Broome's critique. A reduc-

tion in pollution saves lives, it does not kill lives. But I will argue that the willingness-

to-pay approach is in fact based on an, in my view, arbitrary assignment of property

rights. Given that a valuation based on such an assignment must be arbitrary as well,

the willingness-to-pay approach cannot provide a basis for valuing public programs that

reduce pollution. If anything, individuals have to be asked instead how much they are

willing to accept in order to let pollution increase. But then there need only be one

person with an infinite willingness-to-accept in order to limit pollution - on the basis of

cost-benefit analysis - to its current level.

To develop my argument, take a look at Table 5.1 where a number of the risk-

consumption trade-offs described above have been classified according to whether they

(i) lead to a decrease or an increase of the risk involved; and (ii) they are undertaken

voluntary or involuntary9.

9Changes in the level of risk are said to be (in)voluntary when a person can(not) decide for himself

whether or not he wants to bear a particular risk. A related distinction is whether the risk in question

is avoidable or not. In general, unavoidable im~oluntary risks will pose more serious problems than
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Voluntary Risk Involuntary Risk
Risk decrease - To buy a fire-alarm - New health progratn

- To buy a car with air bags - Tighter safety requirements

Risk increase - Accepting a high risk job - Global warming
- Hangglyding - Permit to build a nuclear reactor

Table 5.1: A classification of risk

As argued above, as far as decisions that change risks are undertaken voluntary, they

may unambiguously be assumed to increase welfare. To give an example, suppose that a

person is offered a job as fire-man. When that person accepts the job, it may be inferred

by a revealed preference argument that - all things considered - he is better off with that
job than without it. For, under normal circumstances, he could have turned down the

offer and went on searching for another job which is either less dangerous or better paid.
But can the same conclusion be drawn, when risks are involuntary? That is, is `society'
unambiguously better off in case the government wants

- to introduce a new health program which reduces the risk of cancer;

- to introduce tighter safety requirements, for example, for airlines;

- to give permission to build a nuclear reactor even though this increases the risk of fatal

accidents;

- to increase the concentration of carbon dioxide, C02i albeit at the cost of an inerease
in mortality;

- to decrease the concentration of ozone, 03, in order to decrease mortality from air
pollution.

5uppose that the government in question is in favour of endorsing all potential Pareto
improvements (without requiring that compensation is actually paid). Suppose further

avoidable involuntary risks. In the former case the person is forced to undergo the risk, whereas in the

latter the risk may be avoided be it at the cost of some expenses (which can either be borne by society

or the individual). For the life-externality problem at least part of the health risks will be unavoidable.

For example, the effects of heat stress may be partly mitigated by building air-conditioned buildings,

whereas the effects of an increase in malaria may be partly mitigated by better public health services.
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that cost benefit analysis has indicated that for all of these projects total benefits - as
measured by the sum of the individual willingness-to-pay estimates - are larger than
total costs - as measured by the sum of the individual willingness-to-accept estimates.
The answer to the above questions then is that in al] those cases society is better off'o
except for the question concerning the decrease of pollution which is in general irrelevant
to be problem in question.

To develop my argument consider again the life-externality problem (see section 5.2).
In this problem the survival probability of individual i, which is given by II;(P - Li) -
II2(~~ , D; - Li), not only depends on the individual's own consumption of the dirty
good, D;, but also - and almost exclusively - on the dirty good consumption of all
other individuals, ~;~t D;. This characteristic of the life-externality problem means
that, although pollution itself is a public good, any change in that public good will, in
general, affect personal health. Now suppose that at time t the level of pollution is given
by P~. Suppose further that the government is considering whether or not it should
increase pollution between time t and time t' to Pi~ ) P~11. Should the government
ask individuals how much they are willing to pay to decrease pollution from P~~ to PL,
or should it ask instead how much the individuals are willing to accept to let pollution
increase from P~ to Pt~?12 At this point it is important to remember that one has to
assign property rights to individuals prior to asking them about their valuations, since
in general their answers will depend on that assignment13. Within the context of the
life-externality problem two property rights have to be assigned. The first is the property
right on personal income, the second the property right on personal health.

loAt least as long as individuals are allowed to fill in that their willingness-to-accept is infinite, that
is, that no amount of money will be suf6cient to compensate them (see also hlishan 1980 and page 118).

ltIn what follows I will ignore the possibility that the potential Pareto criterion may be inconclusive
(see Scitovsky 1941).

12Notice that a reallocation of property rights will, in general, violate the Coase Theorem (see Coase
1960) and, hence, will not be allocatively neutral. For example, consider the case that the individual
utility functions are not homothetic. A change in property rights will then lead to a change of the
budget constraints of both acting and affected parties. This will result in an income transfer between
those parties, which - given that the utility functions are not homothetic - will lead to a change in the
allocation of goods throughout the economy. For other cases in which the Coase Theorem is violated
see Randall (1972, 1974), Tybout (1972). blarchand and Rusell (1973) and Mishan (1980).

13For the moment I will ignore the possibility that society can also assign other rights than property
rights to its citizens. However, in the concluding section I will consider the assignment of liability rights
to personal health.
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When individuals are asked the willingness-to-accept question, they must have been

assigned - under the assumption that the estimate is a measure of all effects including

health effects - property rights to both personal income and personal health. When

they are asked the willingness-to-pay question instead, they must have been assigned

property rights to personal income, but not to personal health. The ]atter assignment,

that under the willingness-to-pay question, seems to be rather arbitrary. For by what

argument could society give an individual a property right orr personal income, and not

on personal health? To my knowledge, no such argument has been put forward in the

literature. Moreover, I cannot think of any reasonable argument that would establish

the desired distribution of property rights. This is in contrast to the assignment under

the willirrgness-to-accept question, which is for example defended by both Mishan (1980)

and Nozick(1974). But if the assignrnent under the willingness-to-pay question can only

be established on the basis of an arbitrary assignment, the valuation of a project based

on such an assignmerrt may - given that the outcome of the valuation depends on that

assignment - be called arbitrary as well. Hence, a society using the potential Pareto

principle will have to ask its citizens instead how much they are willing to accept in

order to let pollution increase.

Notice that the argument given here is immune to the counter argument put forward

by Mitchell and Carsorr (1988). In their view it is inappropriate to use the willingness-

to-accept measure to value public goods. The underlying reason is that, whereas the

owner of a private good has a generally acknowledged property right to that good -

which includes the right to exchange it for money - this is not so in the case of public

goods. For in the case of a public good owners do not have, according to Mitchell and

Carson, a generally acknowledged right to transfer the public good, even not in return for

a cash payment. This may be so, but what if the public good is detrimental to personal

health and thereby affects the corresponding generally acknowledged property right on

a private good? In that case pollution is nothing but an iretermediary by which an act

of individual i affects individual j. And it is not the change of the intermediary itself

that we want to value, but the consequences of that change on all existing goods, public

and private. Given that the argument put forward by Mitchell and Carson only holds

in as far as the intermediary affects public goods, all changes in private goods must still

be valued - according to their own argument - by the willingness-to-accept measure.

There is one exception to the above argument. What if at time t each individual was
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convinced of the fact that the pollutant in question does not have any detrimental health
effects? Then - assuming that an increase in pollution is indeed a potential Pareto
improvement - society would have rightly decided to let pollution increase from PL to
Pi~. Suppose now that at time t' it becomes generally known that the pollutant in
question does have detrimental health efFects, or, - equivalent for my argument - that
some individuals are sincerely beginning to doubt that the pollutant is completely safe.
Suppose further that if this information had been available at time t the increase in
pollution would not have been a potential Pareto improvement. Should society in that
case simply reverse its earlier decision made at time t, or should it instead establish the
desirability of a decrease ín pollution at time t' by asking all individuals how much they
are willing to pay in order to decrease pollution? The answer will in my view primarily
depend on what was exactly decided at time t. For example, society could have decided
beforehand what to do in case new information becomes available at a future date. Or
alternatively, it could have left the question open. But the important thing to notice
from all this is that the question `How much are you willing to pay in order to decrease
pollution?' can only be asked at times when new information concerning the health
effect of a pollutant becomes available. All other decisions, in particular decisions to let
pollution increase, must be taken on the basis of the question `How much are you willing
to accept in order to let pollution increase?'ta

The implications of this are far reaching. Any society that wishes to base its decisions to

let pollution increase on the potential Pareto principle, must ask individuals how much
they are willing to accept in order to let pollution increase. But this means that such
decisions require unanimity. For if there is one individual whose willingness-to-accept is
sufficiently large, perhaps infinite, the other individuals will not be able to compensate
that one individual even not in theory (see also Mishan 1980; Markandya 1988). Given
that - in general - we will be able to find such an individual, the level of pollution in

such a society will be very low indeed.

An objection to the above argument may be that the willingness-to-accept measure
cannot much larger than the willingness-to-pay measure (e.g. R,a.ndall and Stoll 1980)ls

laNotice that the exclusion of liability rights (see footnote 13) does not affect my argument in the

sense that it would, in that case, have been correct to use the willingness-to-pay approach. For in cases
where personal health is protected by a liability right, the willingness-to-pay question bears no direct

relationship to the amount that must be paid in order to compensate indidviduals for their loss.
1sRandall and 5to11 (1980) showed that the 1~Y'TA - WTP f a~I2~Y, where a is the 'price flexibility



5.4 A Utilitarian Approach 119

But the restrictions that are needed on the utilit,y function for the Randall and Stoll

result to be true, are unlikely to lrold for the life-externality problern. For example,

utility functions may be lexicographic meaning that individuals cannot be compensated

for the loss of a quantity of one good - in the life-externality problem the reduction in

the survival probability - by increases in any of the other goods. And especially in cases

where survival probabilities - or any other intangibilities for that matter - are at stake,

we have to recognize the probability that the preferences of some individuals may very

well be lexicographical in the survival probabilities.

What are the consequences of the above for decision making process in societies that

endorse the (potential) Pareto criterion? Given that (i) today we have evidence for most
pollutants that detrimental health effects exist, including ozone, 03, sulphur dioxide,

502, carbon dioxide, CO2, as well as most pesticides and other toxic substances; and
(ii) there is likely going to be at least one individual whose preferences are such that
his willingness-to-accept a further increase in the level of any one of those pollutants is
infinite, the levels of these pollutants should no longer be allowed to increase any further.

For many of these pollutants it may everr be expected, that a decrease of their level is

actually in order. That the level of welfare of many will depend on the preferences of

few, is something that such a society will have to accept if it wants to use the (potential)

Pareto principle.

5.4 A Utilitarian Approach

5.4.1 The Theory

Utilitarianism is a generic name for theories that are guided by the principle that the

morally right act is that act which leads to the greatest balance of consequences for all

persons affected by that act. Hence, utilitarianism is a consequentialist theory. An act is

right or wrong, because of its consequences, not because of any intrinsic characteristics

that act may, or may not, possess. To give an example, if one has the choice to tell the

truth or to tell a lie, and if telling a lie leads to better consequences than telling the

truth, telling a lie is the good act, whereas telling the truth is the wrong act. The two

premises that are common to all utilitarian theories are

of income', M is the híarshallian consumer's surplus and Y is income. In general, one may then show

that the WTA and WTP will not differ by more than 5~1o at most.
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1. An action is right - when compared to another action - if it leads to the greatest
balance of good consequences in the world as a whole.

2. The good is prior to the right. i. e. concepts like duty, obligation, and right are
subordinated to, and determined by, that which maximizes the good.

The second premise tells us that utilitarianism is an absolute theory. Nothing can be
right, prior to the calculation of the good. An important implication is that for a utili-
tarian there can be no irrevocable rules. For any irrevocable rule would - by assumption
- be prior to the good, which would violate the second premise. Of course, such a rule
could be acknowledged after maximization of the good. For example, a utilitarian soci-
ety might endorse the Pareto principle, because the application of that principle would
maximise the good. But such an endorsement will always be conditional, not absolute.
Mill (1992) together with Bentham (1789) can be regarded as the founding fathers of
utilitarianism. In his book `On Utilitarianism' Mill offers two different justifications,

one normative and one psychological, of why a society ought to be utilitarian. In the

normative justification Mill argues that pleasure and freedom from pain are the only
things desirable, and hence, that they ought to be desired.

The creed which accepts as the foundation of morals, Utility, or the Greatest
Happiness Principle, holds that actions are right in proportion as they tend to
promote happiness, wrong as they tend to produce the reverse of happiness.
By happiness is intended pleasure, and the absence of pain; by unhappiness,

pain and the privation of pleasure. To give a clear view of the moral standard

set up by the theory, much more requires to be said; in particular, what things

it includes in the ideas of pain and pleasure; and to what extent this is left
an open question. But these supplementary explanations do not affect the
theory of life on which this theory of morality is grounded - namely, that
pleasure, and freedom from pain, are the only things desirable as ends; and
that all desirable things (which are as numerous in the utilitarian as in any
other scheme) are desirable either for the pleasure inherent in themselves,
or as means to the promotion of pleasure and the prevention of pain. (Mill
1992:118)

In the psychological justification Mill stresses that all persons have a basic desire for
unity and harmony with their fellow human beings. Indeed, he goes as far as to argue



5.4 A Utilitarian Approach 121

that this feeling has to be cultivated by society's institutions.

I must again repeat, what the assailants of utilitarianism seldom have the

justice to acknowledge, that the happiness which forms the utilitarian stan-

dard of what is right in conduct, is not the agent's own happiness, but that of

all concerned. As between his own happiness and that of others, utilitarian-

ism requires him to be as strictly impartial as a disinterested and benevolent

spectator. In the golden rule of Jesus of Nazareth, we read the complete

spirit of the ethics of utility. To do as you would be done by, and to love your

neighbour as yourself, constitute the ideal perfection of utilitarian morality.

As the means of making the nearest approach to this ideal, utility would

enjoin, first, that laws and social arrangements should take place the hap-

piness, or (as speaking practically it may be called) the interest, of every

individual, as nearly as possible in harmony with the interest of the whole;

and secondly, that education and opinion, which have so vast a power over

human character, should so use that power as to establish in the mind of

every individual an irrdissoluble association between his own happiness and

the good of the whole; especially between his own happiness and the practice

of such modes of conduct, negative and positive, as regard for the univer-

sal happiness prescribes; so that not only he may be unable to conceive the

possibility of happiness to himself, consistently with corrduct opposed to the

general good, but also that a direct impulse to promote the general good

may be in every individual one of the habitual motives of action, and the

sentiments connected therewith may fill a large and prominent place in every

human being's sentient existence. (Mill 1992:128)

Both the first and the second justification offer support of the `Principle of Greatest

Happiness', as Mill calls it. But how are we to conceive of this principle in practice?

Well, both Bentham and Mill are hedonistic utilitarians, that is, they conceive utility

entirely in terms of happiness. In order to calculate total happiness one simply sums up

all individual happiness and unhappiness of the people affectedrs

1sThis does not mean that they expect that people would really engage themselves in these kind of

calculations. Both Bentham and Mill held that in practice we had to rely heavily on intuition, common

sense, experience, etc.
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Nature has placed mankind under the governance of two sovereign masters,
pain and pleasure. It is for them alone to point out what we ought to do,
as well as to determine what we shall do. On the one hand the standard of
right and wrong, on the other the chain of causes and effects, are fastened
to their throne. They govern us in all we do, in all we say, in all we think.
[...] The principle of utility recognises this subjection, and assumes it for the
foundation of that system, the object of which is to rear the fabric of felicity
by the hands of reason and law. Systems which attempt to question it, deal
in sounds instead of senses, in caprice instead of reason, in darkness instead
of light. [...]

By utility is meant that property in any object, whereby it tends to produce
benefit, advantage, pleasure, good, or happiness, (all this in the present case
comes to the same thing) or (what comes again to the same thing) to prevent

the happening of mischief, pain, evil, or unhappiness to the party whose

interest is considered: if that party be the community in general, then the

happiness of the community: if a particular individual, then the happiness
of that individual (Bentliam 1967:125-126).

And,

To take an exact amount then of the general tendency of any act, by which
the interests of a community are affected, proceed as follows. Begin with any
one person of those whose interests seem most immediately to be affected by
it. [...] Sum up all the values of all the pleasures on the one side, and those
of all the pains on the other. The balance, if it be on the side of pleasure,
will give the good tendency of the act upon the whole, with respect to the
interest of that individual person; if on the side of pain, the bad tendency of
it upon the whole.

Take an account of the number of persons whose interests appear to be con-
cerned; and repeat the above process with respect to each. Sum up the
numbers expressive of the degrees of good tendency, which the act has, with
respect to each individual, in regard to whom the tendency of it is good upon
the whole: do this again with respect to each individual, in regard to whom
the tendency of it is bad upon the whole. Take the balance; which if, on
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the side of pleasvre, will give the general good tendency of the act, with re-

spect to the total number or community of individuals concerned; if on the

side of pain, the general evil tendency with respect to the same community.

(Bentham 1967:152-153).

One of the strongest critiques of utilitarianism as hedonism and welfare hedonism in

general has been put forward by Nozick (1974:42-5). He asks us to imagine an experience

machine, that can give you any experience you desire. It is so real that you will even

forget that you are plugged into a machine. `Would you plug in? What else can matter

to us, other than how our lives feel from the inside?' (Nozick 1974:43). Nozick argues

that there are other things that matter to us besides, and in addition to, our experiences

and what one is like.

What is most disturbing about them (the machines] is their living of our lives

for us. Is it misguided to search for particzllar additional functions beyond

the competence of machines to do for us? Perhaps what we desire is to live

(an active verb) ourselves, in contact with reality. (And this machines cannot

do for us.) (Nozick 1974:45).

It is for this reason that most contemporary utilitarians reject utilitarianism as hedo-

nism. They no longer interpret the good as pleasure, but as that what is subjectively

desired and wanted: the satisfaction of desires and wants is regarded as the goal of our
moral actions. This approach is based on individual's preferences and had close links
with economic theory (see e.g. Harsanyi 1982; IVlirrlees 1982). One of the problems of
utilitarianism as preference satisfaction is that some individuals may have preferences

that are - by common standards - immoral or unjust. For example, my preferences may

be racist or sexist, or my preference may be to see you suffer. Therefore, most utilitari-

ans, like Hare (1984), argue that only rational and informed preferences, which includes

selfish preferences, should count in the utílity maximisation.

Recently Hare (1982, 1984) has given a new powerful argument in favour of utilitarianism

as preference satisfaction. Hare argues that utilitarianism is in fact an egalitarian theory.
All people are treated as equals in the sense that everybody receives exactly the same

weight in the maximization problem". But why would equality imply giving everybody

17There exists another interpretation of utilitarianism, namely as maximisation of the good. In its

teleological variant utilitarianism is primarily concerned with states of affairs, not with persons. This
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an equal weight? Well, Hare argues, we should put ourselves to the following mental
test.

Let us say, rather, that what the principle of utility requires of ine is to do
for each man affected by my actions what I wish were done for me in the

hypothetical circumstances that I were in precisely his situation; and, if my

actions affect more than one man (as they nearly always will) to do what I

wish, all in all, to be done for me in the hypothetical circumstances that I

occupied all their situations (not of course at the same time but, shall we say

in random order). This way of putting the matter, which is due to C.I. Lewis,
emphasises that I have to give the same weight to everybody's equal interests;
and we must remember that, in so far I am one of the people affected (as in
nearly all cases I am) my own interests have to be given the same, and no

more, weight - that is to say my own actual situation is one of those that I

have to suppose myself occupying in this random order. (Hare 1982:26)

To see where Hare's argument leads to, suppose that there are n persons with utility

functions U2, i- 1, 2, ..., n. Then by giving the same weight to these n persons, society

will adopt U- n~i1 U;, as its maximand.

5.4.2 Utilitarianism and the Value of Life

Utilitarianism, as proposed by Hare ( 1973, 1982, 1984) requires, as we have seen, the

maximization of the Benthamite sum of Welfare, the sum of the individual preferences.
In the life-externality problem the preferences of individual i are given by II~(.)U~(.). The

utilitarian maximand for the life-externality problem is therefore given by

1 n
- ~ II;(P - Li)U;(C; f D;,1Vti)
n i-1

(5.4.9)

Since for the utilitarian the good is prior to the right, a private property right to income
can only be endorsed after the maximization of the utilitarian maximand. Hence the

becomes clear when we look at questions concerning the optimal size of the population. Suppose that
a doubling of the population would reduce average welfaze by almost 50 percent. Then, on the view of

a teleological utilitarian the population should be doubled, whereas on the view of utilitarianism as an
egalitarian theory this should not be done (see Kymlicka 1990:30-35).
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budget constraint for a utilitarian society with monetary endowments Yt, i - 1, 2, ..., n,

is given by

n n n

~Y-p~~C,-po~17;-0.
~-L z-i i-i

(5.4.10)

Expenditures on total consumption, dirty and clean, must equal total income or endow-

ment. The first order conditions for the kth individual in this society are given byrg

n

-L~ZUi-i,C-pD~kUk
2-t pc

Since this holds for all individuals we have

dk L : I-IkUk - ~LUI

(5.4.11)

(5.4.12)

which says that the expected marginal contribution of clean consumption must be equal

for all individuals. To see what this implies suppose that (i) all individuals have identical

utility functions, that is, dk,( : Uk - UL; (ii) they differ in their survival probabilities;

(iii) that there are no other arguments in the utility functions than clean and dirty

consumption; and (iv) that for all levels of pollution the survival probability of individ-

ual k is larger than that of individual l, i.e. IIk(P - Lk) ~ IIL(P - LL). In that case

condition (5.4.12) can only be satisfied if Uk(Ck -F Dk) c Ui (CL f DL). Since marginal

utility of consumption is decreasing, this implies that Ck f Dk ~ CL f DL. Hence, under

assumptions (i) to (iv) the maximisation of utility in a utilitarian society requires that

individuals with a high survival probability are to be given a high level of consump-

tion, whereas individuals with a low survival probability are to be given a low level of

consumption. The motivation is that people with a low (high) survival probability are

less (more) likely to contribute to the welfare of society. In a utilitarian society where

people are concerned only with material welfare, people with a low survival probability

are asked to sacrifice themselves in order to maximize the common good.

Alternatively, suppose that there exists one individual, say i, whose utility function is

lexicographic in the survival probability and that his disutility becomes minus infinity

once his survival probability becomes affected, i. e. when P) Lz. Suppose further that

the utility levels of all other individuals are finite. The optimal level of pollution in such

18See appendix M for a detailed mathematical treatment of the utilitarian problem.
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a society is then given by P- Li, since the preferences of the extremely risk-averse
individual will dominate all other preferences.

5.5 A Rawlsian Approach

5.5.1 Justice as Fairness

One of the most striking features of utilitarianism is, that it is indifferent towards the

distribution of welfare over the individual members of society. As long as total welfare

is maximized, the distribution of welfare in a society is irrelevant. To give an example,

consider a society with two individuals who are equal in welfare, say 100 to 100. From a
utilitarian point of view then society would be equally well off with a welfare distribution
of 190 to 10, but it would be better off with a welfare distribution of 191 to 10. A similar
thing was illustrated in the previous paragraph in the case of the life-externality problem.
Individuals with high (low) survival probability, obtained a high (low) endowment of

income. This becomes obvious once one realizes that an individual with a high survival

probability can contribute more utility to society per unit of income (or endowment)

than an individual with a low survival probability.

This indifference towards distributiotial aspects has led many to criticize the principle

of utility. They have noted that many of its implications are incongruent with our

basic moral sentiments, like fairness (see e.g. Rawls (1971)). Moreover, before the

maximization of welfare has been carried out, there is no guarantee that society will

respect either people's basic liberties19, or the principle of fair equality of opportunity20.
When a life of misery and hardship for me, for example, as your personal slave, improves
your live more than it worsens mine, then I should indeed be your slave. Utilitarianism,

19Basic liberties are the right to vote and to be eligible for public oífice; freedom of speech and

assembly; liberty of conscience and freedom of thought; freedom of the person along with the right to
hold personal property; and freedom from arbitrary arrest and seizure as defined by the concept of the

rule of law (Rawls 1971:61).
~The principle of fair equality of opportunity states that positions are to be not only open in a forma]

sense, but that all should have a fair chance to attain them (Rawls 1971:73). It captures the idea that

those who are at the same level of talent and ability, and have the same willingness to use them, should

have the same prospects of success regardless of their initial place in the socíal system. This requires

among other things that all people should have equal access to the school system, to health care, to

public office, etc.
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so the criticism goes, simply fails to take seriously the distinctions between persons. It

is this aspect of utilitarianism that has led Sen and Williams (1982) to remark that

`Persons do not count as individuals in this any more than individual petrol tanks do in

the analysis of the national consumption of petroleum' (1982:4).

Endorsing this critique Rawls (1971) set out to construct a comprehensive and systematic
alternative for the principle of utility. Building on the traditional theory of the social
contract developed by Locke, Rousseau and Kant, Rawls developed a theory, called
jvstice as fairaess which, so he argued, was superior to the principle of utility. For the
principles of justice are, according to Rawls, `the principles that free and rational persons
concerned to further their own interests would accept in an initial position of equality as
defining the fundamental terms of their association' (1971:11). They are fair, because
they are the result of a free agreement between individuals who find themselves in a
position of equality. This makes it impossible for anybody to design principles that will
favour his specific conditions.

Specified in this way justice as fairness contains two elements. One, it must hold an
interpretation of the initial situation and of the problem of choice posed there, i.e. a
description of the original position. Two, it must specify a set of principles, which,
starting from the original position, would be chosen by rational persons.

Before giving an account of Rawls' theory, I would like to emphasize three things that
are essential for a good interpretation of justice as fairaess. First, Rawls is looking for

what he calls a reflective equilibrium. This is an `attempt to accommodate within one
scheme both reasonable philosophical conditions on principles as well as our considered
judgements of justice' (Rawls 1971:21). It means that the social contract arguments and
our intuitive arguments are interdependent: if they do not match, either one of them
can be adapted without invalidating the argument. A successful criticism of Rawls must
therefore either challenge his basic institutions, i.e. his conception of justice, or show,
that the set of principles chosen in the original position is not the best instrument to
reach these institutions. As Kymlicka (1990:70) remarks `[...~ it sounds like cheating,
but it is useful and legitimate, if in fact it leads us to a reflective equilibrium - if it

means that `we have done what we can to render coherent and to justify our convictions
of social justice' (Rawls 1971:21).

Second, the original position is a purely hypothetical situation. It is not required, for
example, that there are or should ever be actual situations which resemble it. One could
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argue though that this might invalidate the concept of the original position. For either

the idea of the original position seems to be historically absurd (if it is based on an actual

agreement) or the idea seems to be morally insignificant (if it is based on a hypothetical

agreement). But, as Rawls argues, even though it is a purely hypothetical situation, it

may nevertheless have an influence on our thoughts and actions: `Justice as fairness is a

theory of our moral sentiments as manifested by our considered judgements in reflective

equilibrium. These sentiments presumably affect our thought and action to some degree.

So while the conception of the original position is part of the theory of conduct, it does

not follow at all that there are actual situations that resemble it. What is necessary is

that the principles that would be accepted play the requisite part in our moral thought

and action' (1971:121). That is, the original position is used to model the idea of the

moral equality of individuals, not to work out the historical origins of society nor the

historical obligations of governments and individuals21.

Third, the principles of justice do not apply to distributions of particular goods to partic-

ular individuals, but only to the expectation of well-being to representative individuals.

Thus the interests of particular individuals are to be taken into account only as far as

they belong to a`suitably' defined representative position. As Rawls remarks, these rep-

resentative positions are to be defined in accordance with the principles of justice: `By

selecting the so-called starting places one follows out the idea of mitigating the effects of

natural accident and social circumstance. No one is to benefit from these contingencies

except in ways that redound to the well-being of others' (1971:100).

To summarize, we are looking for two things. One, a description of the original position

which defines an initial situation of equality. Two, the principles of jvstice that will be

chosen from the original position. Both will be attended in turn.

210ne may ask then whether the principles of justice satisfy the conditions of a Nash equilibrium.

Although they may be a collectively rational choice, they may not coincide with everybody's best

response to the just conduct of the other agents. Rawls (1971:497) realizes this and makes the assumption

about the persons in the original position such that the resulting equilibrium will indeed be stable: `To

insure stability men must have a sense of justice or a concern for those who would be disadvantaged by

their defection, preferably both.'
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5.5.2 The original position

The main idea of the original position is to define an initial position of equality from
which a fair agreement can be reached22. Rawls invites us to imagine ourselves to be

situated in the following situation, which he calls the veil of ignorance.

[...] no one knows his place in society, his class position or social status; nor
does he know his fortune in the distribution of natural assets and abilities,
his intelligence and strength, and the like. Nor again, does anyone know his
conception of the good, the particulars of his rational plarr of life, or even
the special features of his psychology such as his aversion to risk or liability
to optimism or pessimism. More than this I assume that the parties do not
know the particular circumstances of their own society. That is, they do

not know its economic or political situation, or the level of civilization and

culture it has been able to achieve. The persons in the original position have

no information as to which generation they belong. (Rawls 1971:137)

However, the parties behind the veil of ignorance do have knowledge about all kinds of
general facts relevant to reach an agreement.

As far as possible, then, the only particular facts which the parties know is
that their society is subject to the circumstances of justice and whatever this
implies. It is taken for granted, however, that they know the general facts
about human society. They understand political affairs and the principles
of economic theory; they know the basis of social organization and the laws
of human psychology. Indeed, the parties are presumed to know whatever

general facts affect the choice of the principles of justice. (Rawls 1971:137)

Thus the veil of ignorance insures that all the information available to the parties is
relevant information only and that it is the same across all generations. Since no one
knows his particular situation in society nor his natural assets, no one is able to devise
principles to his advantage: there is no room for bargaining in the usual sense of the
word. An agreement that is acceptable to one of the parties will be acceptable to all

ZZWhether or not the agreement that is reached from the original position can be called fair is to

depend on the characteristics of the original position as well as on our considered judgements.
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parties, since they have only knowledge of general facts. The veil of ignorance assures

that each chooses for everyone.

It may be conjectured that the parties behind the veil of ignorance know too little in

order to be able to make a rational decision. For should a rational decision not be based

on all the knowledge available? R.awls is aware of this conjecture and reminds us that

what we are looking for is a reflective equilibrium.

We want to define the original position so that we get the desired solution. If

a knowledge of particulars is allowed, then the outcome is biased by arbitrary

contingencies. As already observed, to each according to his threat advantage

is not a principle of justice. If the original position is to yield agreements that

are just, the parties must be corrected for by adjusting the circumstances of

the initial contractual situation. (Rawls 1971:141)23

5.5.3 The principles of justice

The principles of justice that the parties concerned will agree upon behind the veil of

ignorance are, according to Rawls, the principles of justice. It consists of two principles,

the second one of which is known as the difference principle, two priority rules and a

general conception. Before turning to their derivation let me first state the principles in

their most extensive form as given by Rawls.

First Principle: Each person is to have an equal right to the most extensive total system

of liberties compatible with a similar system of liberties for all.

Second Principle: Social and economic inequalities are to be arranged so that they are

both:

(a) to the greatest benefit of the least advaaitaged, consistent with the just savings

principle, and24

23Thus the rationality of a person's decision does not, according to Rawls, depend upon how much he

knows, but only on how well he reasons from whatever information he has, however incomplete. (Rawls

1971:397)
24It is important to note that the veil of ignorance cannot be used in order to settle the question of

justice between generations, i.e. to determine a fair savings rate. See for a solution to this problem

Rawls (1971:284-93). Here, a just rate of savings is defined as that rate of savings demanded in order
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(b) attached to offices and positions open to all under conditions of fair equality

of opportunity.

First Priority Rule (The Priority of Liberty): The principles of justice are to be ranked
in lexical order and therefore liberty can be restricted only for the sake of liberty.
There are two cases:

(a) a less extensive liberty must strengthen the total system of liberty shared by
all;

(b) a less than equal liberty must be acceptable to those with lesser liberty.

Second Priority Rule (The Priority of Justice over Efficiency and Welfare): The second

principle of justice is lexically prior to the principle of efficiency and to that of

maximizing the sum of advantages; and fair opportunity is prior to the difference

principle. There are two cases:

(a) an inequality of opportunity must enhance the opportunities of those with the

lesser opportunity;

(b) an excessive rate of saving must on balance mitigate the burden of those

bearing this hardship.

General Conception: All social primary goods - liberty and opportunity, income and

wealth, and the basis of self-respect - are to be distributed equally unless an un-

equal distribution of any of these goods is to the advantage of the least favoured.
(1971:302-3)

Of course, it remains to be shown why the difference principle would be chosen from

the original position. At this point I would like to remind the reader that my sketch
of the arguments given by Rawls will not do justice to the complexity and subtlety of
the original work by Rawls (1971). Those who are interested into the subject (and have
more time) should consult the original work itself.

to bring about 'the full realization of just institutions and the fair value of liberty.' (Rawls 1971:290).

Thus all that the just rate of savings determines, is some minimum amount that is to be saved, meaning

that if it should turn out that some (or all) generations want to save more than this would be fully

consistent with the difference principle. Hence, the `Rawlsian' idea does not require that all generations

are equally well off.
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R.awls starts his argument by noticing that even though the persons in the original
position may not know their particular good, they do know that they want to lead a
good life25. Now, in order to be able to lead a good life, one needs so-called primary
goods2ó. Thus the persons in the original position know that they prefer more to less
primary goods.

But, Rawls argues, if the persons in the original position know that they (and everybody
else) prefer more primary goods to less, but at the same time they do not know their
own good and hence cannot secure any special advantages for themselves, they would
like to have an equal share in the distribution of social primary goods.

`Since it is not reasonable for him [a randomly selected person in the original
position) to expect more than an equal share in the division of goods, and
since it is not rational for him to agree to less, the sensible thing to do is to
acknowledge as the first principle of justice one requiring an equal distribu-
tion. [...~ Thus, the parties start with a principle establishing equal liberty

for all, including equality of opportunity, as well as an equal distribution of
income and wealth' (Rawls 1971:150-1)27.

zSIn economic terms, even though the persons in the original position do not know their own pref-
erences or the distribution of preferences throughout society, they do know that they prefer more to
less.

26 Primary goods are `things that every rational man is presumed to want. These goods normally

have a use whatever a person's rational plan of life.' (Rawls 1971:62) He makes a distinction between
natural and social primary goods. Social primary goods are goods that are directly distributed by social
institutions, like income and wealth, opportunities and powers, rights and liberties. Natural primary

goods are goods that are affected by, but not directly distributed by social institutions, like health,
intelligence, vigour, imagination, and natural talents. In economic terms, social primary goods are

endowments.
Z~It is often conjectured that it is not rational to apply the maximin rule as a guide for choice in

the original position (e.g. Barry 1973; Hare 1975). Instead, it is often argued that the parties in the
original position should maximize expected utility. However, as Rawls mentions, `The essential thing is
not to allow the principles chosen to depend on special attitudes toward risk. For this reason the veil
of ignorance also rules out the knowledge of these inclinations: the parties do not know whether or not
they have a characteristic aversion to taking chances. As far as possible the choice of a conception of
justice should depend on a rational assessment of accepting risks unaffected by the peculiar individual

preferences for taking chances one way or the other.' (Rawls 1971:172) Moreover, Rawls reminds us that
we are looking for a reflective equilibrium: `the original position has been defined so that it is a situation

in which the maximin rule applies.' (Rawls 1971:155) Again, a successful critique must either defy the
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However, Rawls continues, there is no reason why this agreement should be final. For

suppose that there are inequalities which will make everybody better off (including those

who are worst off), then surely the parties in the original position will prefer that above

an equal distribution. That is, the parties in t.he original position will permit inequalitíes

provided that it is to the advantage of the representative man who is worst off. They will

not permit inequalíties in cases where the enlarged expectations of one of them, decreases

the expectations of the least favoured28. Hence, the parties in the original position will

maximise the expectations of him who is worst off. Note that it neither requires that all

have the same level of welfare, nor that all have the same level of primary goods.

In accepting the difference principle the parties in the original position know that they

will all benefit from social cooperation29. However, according to Rawls, even though the

parties in the original position do not know their particular good, they will recognize

that some primary goods take precedence over others~o. More specifically, liberty takes

precedence over both fair equality of opportunity, efficiency and welfare (first priority

rule). And, in turn, fair equality of opportunity takes precedence over efficiency and

welfare (second priority rule).

Rawls gives a number of reasons why the parties in the original position will agree to

these priority rules. They will not trade their liberties for either improved economic

circumstances or improved opportunities, because

1. any infringement on, for example, equal liberty of conscience might give rise to the

persecution or suppression of other religions. And, as Rawls remarks, `to gamble

in this way would show that one did not take one's religious or moral convictions

seriously [...] An individual recognizing religious and rnoral obligations regards

conception of justice as fairness, or show that the difference principle is not the best way to reach it.

For, even if the critics were right about the fact that the principles of justice would not be chosen from

behind the veil of ignorance. Rawls could easily redefine the original position without invalidating the

argument.
28In economic terms, if the game is a zero-sum game, the parties in the original position will agree

to an equal distribution of primary social goods only. If the game is not a zero-sum game, they might

agree to a unequal distribution of social primary goods.
29This is, for example, not assured by the principle of utility, where the greater good shared by many,

may outweigh the extreme loss by a few.
3oHowever, Rawls does not rule out the possibility of a small trade-off: 'While it seems clear that,

in general, a lexical order cannot be strictly correct, it may be an illuminating approximation under

certain special though significant conditions' (Rawls 1971:45)
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them as binding absolutely in the sense that he cannot qualify his fulfillment of
them for the sake of greater means for promoting his other interests.' (1971:207)
A similar argument (albeit to a lesser extent) can, according to Fi,awls, be made
for any of the other liberties;

2. it reflects the Kantian idea that people should be treated as ends in themselves
and not as means only: `To regard persons as ends in themselves in the basic
design of society is to agree to forgo those gains which do not contribute to their
representative expectations. By contrast, to regard persons as means is to be
prepared to impose on them lower prospects of life for the sake of the higher
expectations of others.' (1971:180) And since equal liberties are necessary for men's
self-respect, the most important primary good of all, they must be established31;

3. the principles of justice require less identification with others than any other prin-

ciple: it does not ask us to accept the advantage of others as a sufficient reason for

lower expectations over the whole course of our life. It will therefore add to the

stability of society.

4. the parties in the original position are aware that the original agreement to be
made is final and in perpetuity. Once it has been made, there exists no second
chance. Moreover, if they enter into the agreement, they must be able to honour it
even if the worst out of all possibilities should prove to be the case. They are bound
to remind themselves that they had the two principles of justice as an alternative.
This argument becomes even more compelling, once the parties realize that the
agreement will not only hold for themselves, but for their offspring as well. And
as R.awls remarks, `in the view of [...~ the desire to have one's decision appear
responsible to one's descendants who will be affected by it. We are more reluctant
to take great risks for them than for ourselves; and we are willing to do so only
when there is no way to avoid these uncertainties, or when the probable gains,

31 Self-respect as defined by Rawls has two aspects. One, `it includes a person's sense of his own
value, his secure conviction that his conception of his good, his plan of life, is worth carrying out.' And
two, `self-respect implies a confidence in one's ability, so far as it is within one's power, to fulfil one's
intentions. [...] Without it nothing may seem worth doing, or if some things have value for us, we lack
the will to strive for them. All desire and activity becomes empty and vain, and we sink into apathy
and cynicism. Therefore the parties in the original position would wish to avoid at almost any cost the
social conditions that undermine self-respect.' (1971:440)
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as estimated by objective irrformation, are so large that it would appear to them

irresponsible to have refused the chance offered even though accepting it should

actually turn out badly' (1971:169).

5. as the general level of welfare rises (as measured by the amount of primary goods

the worst off can expect), the desires for material wants will become less compelling:

`[...~ under favorable circumstances the fundamental interest in determining our

plan of life eventually assumes a prior place.' (Rawls 1971:543) And to have the

opportunity to deterinine your own plan of life, is a prerequisite for self-respect32.

It is for these reasons that the parties in the original position will confirm the first priority

rule, the priority of liberty. Under reasonable social and economic conditions the parties

in the original decision will not increase their economic prospects at the expense of a less

than equal liberty. The second priority rule can be established on the basis of similar

arguments as made under points (2), (3), (4) and (5). Only under extremely harsh

economic conditions might the parties in the original position agree to a temporarily

deferment of either the first or second priority rule.

In short, in his book A Theory of Justice Rawls asks a simple question: `What are the

just terms on which people should cooperate with another in society? He returns a

rather complicated answer, but the gist of it is that our politics must maximize each

person's liberty, and that our economics should tolerate inequality only to the extent

that inequality benefits the worst-off members of society' (Ryan 1996:17).

5.5.4 Justice as Fairness and the Value of life

The distribution of social primary goods in a Rawlsian society is to be arranged according

to the principles of justice. In this way the gains of social cooperation will, according to

Rawls, result in a fair distribution. In this section I wil] give an interpretation of justice

as fairness in the context of the life-externality problem.

In a Rawlsian society, the problem posed from behind the veil of ignorance is how

to distribute the available primary goods. Rawls distinguishes two types of primary

goods, social and natural. Social primary goods are primary goods that are directly

distributed by our social institutions; natural primary goods are primary goods that

may be influenced by these social institutions, but are not directly under its control.

32See also footnote 31.
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Examples of social primary goods given by Rawls are rights and liberties, powers and

opportunities, income and wealth. Examples of natural primary goods are health and

vigor, intelligence and imagination. One interpretation of the problem behind the veil of

ignorance is that society has to decide on the distribution of property rights on primary

goods within society, although for some primary goods, like health, income, wealth,

this interpretation will be more suitable than for others, like rights, liberties, powers,

opportunities, vigor and intelligence.

Within the context of the life-externality problem the principal question that arises, is

what the parties behind the veil of ignorance should do with the survival probabilitiesa3

Are they to be treated as natural primary or as social primary goods? Both the thresholds
levels, Li, and the shape of the survival probability function, IIz(.), point in the direction
that the survival probabilities are natural primary goods. They capture the differences

in sensibilities between people for diseases, heat stress, etc. They are influenced by the

basic structure of society in the sense, that they are a function of total pollution, and

hence, at least in part, a function of total wealth.

There is a parallel to be drawn with the question concerning the size of the public health

system. Given that the distribution of health characteristics is unequal among people,

the question is whether or not society should, from behind the veil of ignorance, decide

on the size of the public health system in order to secure, for example, a minimum health

level for all its citizens. But Rawls argues that this is not a matter of justice or injustice.

The natural distribution is neither just nor unjust; nor is it unjust that men

are born into society at some particular position. These are simply natural

facts. What is just and unjust is the way that institutions deal with these

facts (Rawls 1971:102).

So a public health system should only be decided upon from behind the veil of ignorance

in as far as the difference principle is not satisfied. For example, when it might be
expected that those who are worst off in society have a lesser chance of acquiring health

services than it must be so that society reserves funds in order to guarantee equal health

services for all. But although there is no need for society to decide - from behind the veil

of ignorance - upon a certain size of the public health system, citizens are free, according

33Given that the supply of the monetary endowment is fixed, the parties behind the veil of ignorance

will decide that all are to receive an equal amount of wealth, n ~~-1 Y~.
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to Rawls, to arrange for a more extensive public health system (and in general any other

public expenditures) after the veil of ignorance has been lifted.

If a sufficiently large number of them find the marginal benefits of public

goods greater than that of goods available through the market, it is appro-

priate that ways should be found for government to provide them (Rawls

1971:282).

How would the difference principle work in the life-externality problem? Well, given

that the survival probabilities are natural primary goods, there need not be - from the

point of view of justice - an equal distribution of survival probabilities within society.

It suffices when the distribution of social primary goods is such that the difference

principle is satisfied. In the life-externality problem this entails that citizens will agree -

from behind the veil of ignorance - to an equal distribution of wealth. In particular, the

question about the optimal size of pollution need not be answered from behind the veil

of ignorance.

After the veil of ignorance has been lifted and each has taken his place in society, there

will be as a result of the externality in pollution, a reason for the government to reduce

the level of pollution. The government may, for example, want to install some kind of

pollution tax or tradeable permit scheme. Given that the income and wealth distributions

are just, Rawls argues, the guiding principle to determine the best level of pollution

changes (Rawls 1971:282). It is no longer a matter of justice, whether or not pollution

should be limited, but a matter of, for example, efficiency, responsibility or indeed any

other reasonable conaideration.

5.6 A Libertarian Approach

Although Nozick considers justice as fairness to be an improvement over utilitarianism

- it provides a more solid ground for peoples' rights - he holds that Rawls has not gone

far enough in order to secure peoples' fundamental rights. This becomes clear in the

opening sentence of his book Anarchy, State and Utopia.

Individuals have rights, and there are things no person or group may do to

them (without violating their rights). So strong and far-reaching are these
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rights that they raise the question of what, if anything, the state and its
officials may do. (Nozick 1974:ix).

The central thesis Nozick makes is that people have (natural) rights and that nothing
may violate these rights except the similar rights of others. In particular, he argues
that people have a right to dispose of their goods and services, and they have this right
whatever else may come across. Let me give a few examples to clarify this. Suppose,
that due to whatever reason, a free market system is unable to achieve efficiency. Then
the state has, according to Nozick, no right to introduce a tax scheme that would remove
that inefficiency. For such a scheme would be an infringement on people's rights even if
there is no redistribution involved and even if the persons concerned will, as a result of
the scheme, be better off. Alternatively, suppose that 99.9 Plo of the people would be in
favour of the installment of a social security system and is willing to accept a modest
linear income tax of 1 Plo in order to fund this program. Again, Nozick would argue, that
this violates the rights of the 0.1 ~ of the people that does not agree with the installment
of such a social security system.

Our main conclusions about the state are that a minimal state, limited to
the narrow functions of protection against force, theft, fraud, enforcement of
contracts, and so on, is justified; that any more extensive state will violate
persons' rights not to be forced to do certain things, and is unjustified; and
that the minimal state is inspiring as well as right. Two noteworthy implica-
tions are that the state may not use its coercive apparatus for the purpose of
getting some citizens to aid others, or in order to prohibit activities to people
for their own good or protection. (Nozick 1974:ix).

A further objection Nozick lays down to R.awls' justice as fairness and indeed almost
every other theory of distributive justice, including all versions of utilitarianism, is that
they are current time-slice principles. All that is needed to determine whether or not a
distribution is just, is to look who has ended up with what. In particular, it is irrelevant
how the distribution has come about. For example, my having two and you having one is
an identical distribution (seen from the perspective of distributive justice) to you having
two and my having one.
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A consequence of these 7~atteraedprinciples of distributive justice as Nozick calls them is

that people are not responsible for their choices34. Patterned principles are not ambition

sensitive. Whether I work hard or not, whether I have saved a large part of my earnings

or have consumed everything, I always have the right to some part of society's welfare.

To think that the task of a theory of distributive justice is to fill in the blank

in "to each according to his " is to be predisposed to search for a

pattern; and the separate treatment of "from each according to his "

treats production and distribution as two separate and independent issues.

On an entitlement view these are not two separate questions. Whoever makes

something, having bought or contracted for all other held resources used in

the process (transferring some of his holdings for these cooperating factors),

is entitled to it. The situation is not one of something's getting made, and

there being an open question of who is to get it. Things come into the world

already attached to people having entitlements over them' (Nozick 1974:160).

Instead of a patterned principle of distributive justice Nozick specifies his entitlement

theory according to the following maxim3s

From each as they choose, to each as they are chosen (Nozick 1974:160).

The key element in this theory is that a distribution is just (unjust), if it has come about

in a just (unjust) way, i.e. if someone is (or is not) entitled to it36. According to Nozick I

am entitled to a particular holding if I have acquired it in accordance with the following

principles.

1. A person who acquires a holding in accordance with the principle of justice in

acquisition is entitled to that holding.

~A distribution is patterned if its structure is determined by some natural dimension, weighted sum

of natural dimensions or lexicographic ordering of natural dimensions. Examples of dimensions are

marginal utility, needs, moral merit, how hard someone tries, etc.
asNozick's claim that his entitlement theory is an unpatterned principle is not true. He does require

that people's free exchanges preserve a certain patern, namely the Lockean proviso (see page 140).

Hence, continuous interventions are required to preserve this pattern. See for more on this Kymlicka

(1990:158).
asThis explains the name entitlement theory. Nozick also gives an intuitive argument for his entitle-

ment theory, see Nozick (1974:160-164).
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2. A person who acquires a holding in accordance with the principle of justice in
transfer, from someone else entitled to the holding, is entitled to the holding.

3. No one is entitled to a holding except by (repeated) applications of 1 and 2.

The complete principle of distributive justice would say simply that a distri-

bution is just if everyone is entitled to the holdings they possess under the
distribution' (Nozick 1974:151).

Everything depends, of course, on what is exactly meant by the notions of justice in

acquisition and justice in transfer~~.

Nozick notes that by repeating the argument that a distribution is just if it arises from
another just distribution by legitimate means - which are specified by the principle of
justice in transfer - one arrives at the proposition that a distribution is just if the following
two conditions are satisfied: (i) all transfers have been in accordance with the principle
of justice in transfer; (ii) the initial distribution has been acquired in accordance with
the principle of justice in acquisition, i.e. the first distribution has to be just itself. So,

for Nozick's theory to work, he needs to specify a principle by which it becomes possible

to determine whether the initial distribution is just or not.

To accomplish this, Nozick falls back on Locke's theory of acquisition. On Locke's view
an acquisition is just if someone has mixed his labour with a previously unowned object.
However, Locke added a proviso. After the acquisition the situation of the others should
not be worsened in the sense that there be `enough and as good left in common for

others'. Nozick interprets the Lockean proviso as one which says that appropriation is

just as long as the situation of others does not worsen. He then uses this argument
to support the claim that capitalism passes this test. For he believes that `the free
operation of a market system will not actually run afoul of the Lockean proviso' (Nozick
1974:182)~.

37Notice that Nozick has to specify a third principle as well, the principle of recti6cation, which spells
out what has to be done in case an injustice occurred at a certain place and time. However, Nozick does

not spel] out the details of either the principle of justice in rectification or of the principle of justice in
transfer. For his entitlement theory it suffices to note that once an injustice has been determined, it

needs to be rectified according to the principle of rectification. Examples of legitimate means of transfer
are gifts and exchanges, whereras robbery and taxes are illegitimate means of transfer.

38The implication of this is, as Kymlicka observes, 'that capitalism passes that test even though the

propertyless are dependent upon their survival on those with property wanting to buy their labour, and
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Although Nozick notes that some similarities between his world of distributive justice

as spelled out by the entitlement theory and the economists' model of a competitive

equilibrium exist, they are not identical. For example, where monopolies in the economic

literature are generally being regarded as inefficient, and hence, need to be regulated,

Nozick would find this intolerable. As long as the distribution has come about in a just

way, the state has no legitimate reason to interfere with the choices made by free persons.

1~4oreover, Nozick ends his book by remarking that

in a free society people may contract into various restrictions which the

government may not legitimately impose on them. Though the framework

is libertarian and laissez-faire, individual coYnmv,nities withirc it need not be,

and perhaps no community within it will choose to be so (Nozick 1974:320).

Although a society may be governed by libertarian principles, all its people may volun-

tarily agree to a R.awlsian society, a socialist society or even a communist society. Of

course, Nozick does not think that it will ever come to this. But as long as nobody is

forced into some agreement or another, a truly libertarian society, can adhere to any

principle it wants, including non-libertarian ones.

5.6.1 Libertarianism and the Value of Life

Given Nozick's central thesis that people have natural rights, the natural position to

start from seems to be the position in which all individuals have a right to life. But,

as Nozick observes, such a right to life would not be a right to whatever one needs to

live. It would be so only conditional on the Lockean proviso, i.e. the provision that the

situation of others should not be worsened by the acquisition.

At most, a right to life would be a right to have or to strive for whatever one

needs to live, provided that having it does not violate anyone else's rights.

even though some people may starve because no one does want to buy their labour. This is acceptable

to Nozick since people who lack marketable skills would have starved anyway had the land remained

unowned' (Kymlicka 1990:115). Moreover, on Nozick's account of justice, there will hardly be any

holding in our world which is just. For example, his principles require that all possessions in the United

States be given back to the Indians. This argument has led Nozick to argue that the difference principle

should be applied once, and only once. In this way we would obtain an initial distribution that is just.

And this distribution would remain just as long as Nozick's three principles are satisfied.
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With regard to material things, the question is whether having it does violate

any right of others. [...] Since special considerations (such as the Lockean

proviso) may enter with regard to material property, one first needs a theory
of property rights before one can apply any supposed right to life (as amended
above). Therefore, the right to life cannot provide the foundation for a theory
of property rights (Nozick 1974:179).

To illustrate, suppose that in the life-externality problem all individuals would have a
right to life. Suppose further that when the level of pollution is zero, many would starve,
i.e. the price of the clean consumption good, p~, is so high that the amount of available

resources is insufficient to feed all individuals. In that case a right to life would violate

the Lockean proviso, if one individual would insist that pollution remained at a zero

level. Thus a right to life cannot provide a foundation for theory of property rights.
Instead, a theory of property rights must provide a foundation for a right to life.
So lets assume that the initial distribution of (material) property rights in a society has
been made according to the principles laid down by Nozick. That is, all individuals have

the most extensive set of rights that can be made available to them. In what way then

should such a society deal with externalities arising from certain acts, if it is to adhere to

libertarian principles? In order to answer this question Nozick asks himself the following

question. Suppose that my act may make you worse off, should I then compensate
you for being worse off? Or should you perhaps compensate me on the grounds that
the prohibition of my act by you leaves me worse off?39 Nozick (1974:75-87) notes the
inherent difficulties for libertarian theory to answer these questions. That Nozick is not

(unconditionally) in favour of the latter becomes immediately clear from the following

passage.

So stated, the net has been cast too broadly. Must I really compensate

someone when, in self-defence, I stop him from playing Russian roulette on
me? If some person wishes to use a very risky but efficient (and if things go
well harmless) process in manufacturing a product, must the residents near
the factory compensate him for the economic loss he suffers from not being
allowed to use the possibly dangerous process? Surely not (Nozick 1974:79).

39Notice that the prohibition of an act does not mean that it is illegal for somebody to perform that
act (although it may be, of course), for it may very well be legal provided that sufficient compensation

is paid.
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However, for some cases it may be appropriate that you compensate me because of the

disadvantage imposed on me. Suppose that me playing Russian roulette is the only way

in which I can make a living, than that act should not be prohibited to me. In order

to limit the number of cases for which compensation is required, Nozick gives a rough

sketch of a compensation principle. An act that is prohibited is eligible for compensation

only if both of the following conditions are satisfied.

1. If some risky act is the only way a person can make a living, i.e. if it is a disad-

vantage to him, then he should be compensated~o.

2. The act should be a productive exchange, that is, it should make the purchaser
better off than if the seller had nothing at all to do with him. This excludes for

example certain kinds of blackmail, where the blackmailer has no other purpose

than to extract money from somebody. However, it does not exclude the case where

somebody wants to write a book containing information about another person

which, if included, is likely to boost the sales of that book.

In the case of the life-externality problem where pollution decreases the survival proba-

bility of others, the polluter would only be eligible for compensation if the act he wants
to perform is productive and he does not have any alternative to earn a living. Although

most pollution is caused by productive acts, most polluters will, in general, not be dis-

advantaged, but only worse off if the pollution is prohibited. Therefore Nozick requires

that in case of pollution the polluter should compensate the victims of pollution.

Since it would exclude too much to forbid all polluting activities, how might a

society (socialist or capitalist) decide which polluting activities to forbid and

which to permit? Presumably, it should permit those polluting activities whose

benefits are greater than their costs including within their costs polluting

effects. The most feasible theoretical test of this net benefit is whether the
activity could pay its way, whether those who benefit from it would be willing

to pay enough to cover the costs of compensating those ill a,fJ'ected by it (Nozick

1974:79).

40Notice the difference between Nozick's use of the word disadvantaged and the more common use of

that word. For Nozick somebody is disadvantaged if and only if there is no other way in which that

person can make a living. This means that somebody is not disadvantaged, and this in contrast to the

more common use of the word, if only his most profitable action is forbidden to him (Nozick 1974:82).
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Two remarks are in order. First, based on the fact that polluters are in general not
disadvantaged, a libertarian society must, according to Nozick, give each individual a

full property right on his personal health. Hence, each individual acquires a`right to

life' based on the compensation principle. Second, for any changes in the distribution of
property rights Nozick seems to embrace the principle of a potential Pareto improvement.
If the benefits outweigh the costs, then the activity should be allowed. However, Nozick
insists that redistribution actually takes place, for

if a polluting activity is to be allowed to continue on the ground that its ben-

efits outweigh the costs (including its polluting costs), then those who benefit

actually should compensate those upon whom the pollution costs are initially

thrown (Nozick 1974:80).

So Nozick requires that the polluting activities are an actual Pareto improvement. Notice

that this does not entail that the state should actively pursue a policy of fostering

Pareto improvements, since that would, in general, be an infringement on people's rights

(see page 138). Moreover, the compensation should not only include compensation for
`objective' harms like an increase in noise, but also for `subjective' harms like fear. If I

fear that the greenhouse gas effect may cause the total apocalypse of the earth, then the

compensation should be set accordingly (see Nozick 1974:65-71). Moreover, some acts

(including pollution activities) may be uncompensable.

If some injuries are not compensable, they would not fall under a policy

of being allowed so long as compensation is paid. (Rather, they would be
allowed provided compensation was paid, but since the compensation could
not be paid by anyone, in effect it would be unallowed) (Nozick 1974:65-6).

We may conclude that in a society that adheres to libertarian principlas pollution would
be at a level such that compensation could actually be paid by the polluters, that is, the
activity has to be an actual Pareto improvement. Suppose then that there is one person

in society that does not want pollution to increase, irrespective of the compensation he
or she would receive. Then the activity (polluting) is not allowed, conditional on the

Lockean proviso being satisfied. In the context of the life-externality problem this would
come down to the fact that pollution should not exceed that person's threshold, L2.

Notice that it is irrelevant whether or not the information on the survival probabilities
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is objective or subjective. As long as the person in question genuinely feels that he is

harmed, he has the right to dernand compensation.

5.7 Comparison and Conclusions

In the previous paragraphs four different theories have been applied to the life-externality

problem. In this concluding paragraph I will briefly discuss the conclusions that have

been reached. Building on these conclusions I will discuss whether these theories match

our considered judgments of justice. At the end I will present a list of criteria any

solution to the life-externality problem should satisfy in order to match our intuitions of

right and wrong.

5.7.1 Libertarianism: conclusions and intuitions

Starting with Robert Nozick's influential version of libertarianism, we see that, for Noz-

ick, the polluters should bear the full costs of pollution. Given that, in general, polluters

can make a living without polluting, i. e. it is not a disadvantage for them not to pollute,

the polluters should compensate the polluted. Moreover, the polluted should be com-

pensated according to their own valuation. From this compensation principle, it follows

that each indívidual has a full property right to his personal health. Given that the

initial distribution of property rights has been acquired in accordance with the principle

of just acquisition, any change in that distribution may only be made with full consent

of the individuals concerned, i. e. without coercion from the state. In case individuals

in a libertarian society are utility maximisers, this would lead to the conclusion that

each change in the distribution of property rights necessarily has to be an actual Pareto

improvement.

A consequence of the above is that each individual in a libertarian society has a veto

right concerning changes in the level of pollution. When I feel that my welfare will be

affected dramatically by a proposed change in the level of pollution, I may at any time

veto that change by demanding an extremely large or infinite level of compensation.

Given that nobody could actually compensate me, the level of pollution must remain

unaltered. Notice that it is irrelevant in a libertarian society, whether or not my demand

for compensation ís based on reasonable basic assumptions. As long as I genuinely feel,

that I am worse off, I must be compensated.
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To clarify this, denote the polluters genuine willingness-to-pay by x, and the victim's

genuine willingness-to-accept by y. Assume that - in Nozick's sense - the polluter is

not disadvantaged, if the polluting act is forbidden to him. Hence, the polluter must

compensate his victim. We then have the following three cases. First, there is the case

where x c y, that is, the genuine willingness-to-pay of the polluter is smaller than the

genuine willingness-to-accept from his victim. In that case, the act cannot pay its way,

and hence, should be forbidden. Second, x 1 y, that is the victim's genuine willingness-

to-accept is smaller than the polluter's genuine willingness-to-pay. Suppose now that

the victim demands an amount smaller than y. Then the act can pay its way, and the

polluter can buy the right to pollute. Third, ~) y, but now the victim demands a

larger amount than y, that is, the act could pay its way but there is no transaction.

One might object that this would be irrational behaviour from the point of view of the

victim. He would be better off by demanding less. But suppose, that the victim does

not like our polluter. Whereas he would accept an amount less than y as compensation

from all other polluters, he does not accept an amount less than y from this particular

polluter. Nevertheless, according to Nozick, the act must be prohibited, since it cannot

pay its way.

Can we say that in a libertarian society the resulting distribution of resources for the life-

externality problem is a fair one in the sense that it matches our intuitions of right and
wrong?al To answer this question suppose that the total amount of available resources

in our society, ~; 1 Y, is barely enough to sustain its people at the existence level, if all

income has to be spend on the clean consumption good only. In addition, suppose that

the amount of available resources in society would be plentiful, if it could be spend on
the dirty consumption good. Finally, suppose that the increase in the level of pollution
would only have a marginal effect on the survival probabilities. Within a libertarian
society each individual has the possibility - by using his veto right - to condemn all other

individuals to a subsistence level. But surely, our intuitions tell us that no one individual

should have such a right. It cannot be that some people are able to impose their view

on others, irrespective of the costs their decision imposes on others. And what if some
individuals base their claim for a large amount of compensation on feelings like hatred,
fear, distrust, etc? Well, if we know that a certain act does not harm anyone or harms
him less than he is saying, then our intuitions would tell us that such a person should not

a1See for a general critique on libertarianism Kymlicka (1990).
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be able to veto that act. That is, if the victim demands an amount larger than y while
his genuine willingness-to-accept, ~, is smaller than y(for example, because he does not
like the polluter), than he should not be able to veto the transaction. In a sirnilar way
our intuitions would tell us that, if an act is not harmful, but the victim demand a high
amount of compensation, because he - irrationally - fears that act, the victim should not
be able to veto that act.

Notice that fairness does not imply that individuals should never be given a veto right.

Suppose, for example, that a small increase in the level of pollution would lead to a
substantial decrease of the survival probability of at least one individual, perhaps even

up to the point that he would be almost sure to die. Suppose firrther that without
pollution all can have a reasonable satisfying life and that the individual whose survival

probability is affected, cannot avoid the risk. In such a case the individual concerned
should be given a veto right, or equivalently the most extensive set of property rights
available.

Moreover, for Nozick it does not matter how the gains of cooperation are distributed.
Take again the above example in which the the victim's willingness-to-accept, x, is
smaller than the polluter's willingness-to-pay, y. Then the victim would be willing to
accept any amount between ~ and y, whereas the polluter would be willing to pay any
amount between x and y. For Nozick, it does not matter how these gains of trade
are distributed. Suppose that the victim is a better bargainer than the polluter, and
is able to extract the maximum amount of money, namely y, from the polluter. Is it,
judging from our intuitions, fair that the victim obtains all gains from this trade? Does

he deserve these gains? No, he does not. And although - at least at this point - our

intuitions do not say what must precisely happen with the gain, y-~, it is clear that

neither the victim nor the polluter deserues the entire gain.

So, according to our intuitions there is a balance to be struck between the change in

survival probabilities and the accompanying change in the level of material welfare.

Although our intuitions do not tell us what this balance exactly is, a fair allocation

should at least meet the following three criteria. The first criterion is that - with one
exception only - no individual should be able to veto an increase in pollution. The

exception to this rule must be sought in cases for which the costs of the increase in
pollution are extremely high - in the sense of extremely low survival probabilities - for

some individuals. In those cases these individuals should be given a strong, and perhaps
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even a veto right to protect their personal health irrespective of the gain in material

welfare. The second criterion is that all valuations based on subjective feelings should

be disregarded, if it can be established on more or less objective grounds that an act does

not harm anyone or harms him less than he is saying. The third criterion is that strategic

behaviour - in the sense of being a better bargainer or having a better bargaining position

- should not be relevant for splitting the gains of trade.

5.7.2 The neo-classical approach: conclusions and intuitions

Suppose now that our society has decided to base all decisions concerning the allocation

of resources on the potential Pareto principle. It must be noticed, however, that the

potential Pareto criterion cannot be invoked prior to the assignment of (property) rights

within that society. For the changes in individual welfare on which the potential Pareto

criterion is based depend - in genera] - on the specific assignment of property rights within

society. Although property rights can be assigned toward individuals in many different

ways, I will limit the discussion to a small number of assignments often encountered

within the (economic) literature.

First, consider the assignment in which individuals are assumed to have full property

rights on both personal income and personal health (see e.g. Mishan 1980)42. In that

case, as I have argued in paragraph 5.3.2, each person will have a veto right concerning

changes in the level of pollution. As a result the equilibrium level of pollution will be very

low indeed, if not unaltered from its initial level, the status quo. Notice that although

the Mishan (1980) position looks similar to that of Robert Nozick's libertarianism, it

is not. An important difference is that Nozick rejects the idea that the state may use

coercion, even in cases where the intervention of the state would unambiguously increase

the welfare of all individuals concerned. Examples of the latter are (i) the case in

which the state could more effectively organize trade among individuals because of lower

transaction costs; (ii) the case in which some individuals demand compensations because

of irrational or subjective feelings only.

4ZIn paragraph 5.3.2 I have argued that another common - be it implicit - assignment of property

rights often encountered in the literature, i.e. no property right on personal health combined with

property rights on personal income, is rather arbitrary. Hence, I will exclude that position from the

current discussion.
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Second, consider the position taken by Buchanan43. He observes that the enforcement of

strict property rights is likely to hamper economic growth considerably, because of the

virtual impossibility to arrange - on an ex ante basis - the compensations for all (pre-

sumed) negative external effects. As a result, little change will take place from the status

quo. In contrast to Mishan (1980:213), Buchanan argues tliat such a situation is unde-

sirable. Therefore, he proposes to use less stringent rights in order to protect individuals

from negative externa] effects, namely liability rights. Instead of being compensated e~

ante for any negative external effects, individuals must be compensated e~ post only.

Moreover, the level of compensation may be determined, as suggested by Buchanan, by

an independent third party, like a judge or civil servant. It may be expected that the

amount of compensation paid under a liability right will be lower than under a property

right. Besides that the `victims' of the external effects are to be compensated according

to the opinion of a third party, and no longer on their own account, no compensation

will have to be paid, unless a negative external effect actually takes place. Hence, the

argument of Buchanan goes, the installment of a set of liability rights will, compared to

the installment of a set of property rights, lead to a higher level of economic growth and

welfare.

However, within the framework of the life-externality problem a liability right on personal

health is not unproblematic. First, it is not clear to whom the compensation payment

should actually be made. Given that a liability rule only compensates individuals on

an ex post basis, any compensation payment within the context of the life-externality

problem will be made to a deceased. On the presumption that such a payment is no

longer of value to a deceased, one may ask the question whether or not such a payment

still has to be made. Although it would in principle be possible to circumvent this

problem by including the payment in the estate of the deceased, this would change the

character of such a payment. Under ordinary circumstances a compensation payment

serves two purposes. Besides being a compensation for the affected individual, it is also

a fine for the party who is responsible for the harm done. In the life-externality problem,

the latter purpose, the payment as a fine, would become the dominant reason for still

making the payment. For although the payment could be seen as a compensation to the

heirs of the deceased, we can no longer be sure that we actually are compensating the

deceased for his loss.

a3See e.g. Buchanan (1973, 1987, 1989); Buchanan and Faith (1981) and De Beus (1989, 1991).
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Second, within the context of the life-externality problem it will be unclear who is re-

sponsible for the harm, and hence, who has to make the payment to the (heirs of the)

deceased. Unlike a car accident where one is usually able to answer the question of guilt,

in the life-externality problem the best we can hope for is some kind of `collective guilt',

i.e. polluters can only be held responsible as a group for the death of an individual. In

addition to this, many, if not all, who will die as a result. of global warming, will die a

`common death', e.g. from heat stress, malnutrition or malaria. Given that these dis-

eases are already responsible for many deaths today, it will be impossible to determine

whether any particular death has resulted because of the increase of pollution or not.

At best one is able to say, that there is a certain probability, say 35 percent, that the

deceased has died as a result of the increase of pollution.

An important issue resulting from this lack of clarity concerns the compensation pay-

ments that would have to be made under a liability right. For example, what amount

should a victim of heat stress receive for compensation? Suppose that we would pay an

individual who has died from heat stress an amount x, if we knew that global warming

had killed the individual. Does it follow that we should pay 35~0 of ~ to somebody for

whom we estimate the chance of dying from heat stress as a consequence of global warm-

ing to be 35Pío? Moreover, should the compensation be paid only by those individuals

who have actually contributed to the current level of pollution? Or should all individuals

still alive contribute to the payment to be made? Questions like these will be difficult

to answer given the level of ambiguity involved. But suppose for the moment that we

could solve the question of guilt, and that it is absolutely clear who should pay what to

whom. Would under those circumstances a liability right on our health be acceptable

from the point of view of our intuitions? Suppose, for example, that the deceased had

in no way benefited from the increase in pollution prior to his death. Would it then

be fair to compensate him after he has died? Surely not. Our intuitions would tell us

that any individual whose survival probability has decreased as a result of an increase

of pollution, should have benefited, be it only marginally, from that increase prior to his

death.

Moreover, consider a situation in which two individuals are identical, but for their sur-

vival probabilities. Should they then be paid an equal amount of compensation after they

have died? In the latter case our intuitions might tell us that the amount of compen-

sation is of little importance, for both individuals are already dead. What is important



5.7 Comparison and Conclusions 151

ex post is that the compensation to be paid is sufficiently large in order to prevent an

excessive level of pollution, and hence, deaths. But our intuitions also tell us that these

two individuals will not have been treated as equals if they are paid a similar amount

after their deaths. And even if the individual with the lower survival probability would

receive a larger sum of money after his death, out intuitions would still tell us that they

have not been treated as equals, for during his life the individual with the lower survival

probability will have been unambiguously worse off. Only when the individual with

the low survival probability receives some compensation ex arete, would both individuals

have been treated as equals.

5.7.3 Utilitarianism: conclusions and intuitions

Suppose now that our society has decided to maximise average utility of all individuals

present. As we have seen in paragraph 5.4, there can be - prior to the maximisation

of utility - no claims to either irrcome or health. Two situations were distinguished. In

the first situation all individuals were assumed to have identical utility functions and

non-identical survival probabilities. We saw that the maximisation of utility required

that those with high (low) survival probabilities, should receive high (low) incomes. But

this diametrically opposes our intuitions. Should those who bear the burden, in the

sense that they suffer most from the increase in pollution, be punished a second time

by lowering their endowment? If anything, individuals with a low survival probability

should - at least partly - be compensated by individuals with a high survival probability.

In the second situation, at least one of the individuals was assumed to have a very high

disutility regarding any decrease, however small, in his survival probability. In this case

we saw that the preferences of such an individual would dominate over the preferences

of all other individuals. Pollution could not rise beyond the threshold level of that

individual. Since I have already argued elsewhere (see page 146) that powers to veto an

increase in pollution should be granted only in special cases, I will not pursue this line

of argument any further at this point.

5.7.4 Justice as fairness: conclusions and intuitions

The cerrtral idea in John Rawls' A Theo~ry of Justice is the conception that the principles

of justice are to be choserr from a position of equality. Since social primary goods,
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like wealth, power and opportunities, are unevenly distributed in the world we live in,

Rawls asks each (representative) individual to imagine himself seated behind a veil of
ignorance. In this way it is ensured that no man is able to tailor the principles of justice
to his advantage. Hence, R.awls argues that the people behind the veil of ignorance
will choose the difference principle. I have argued in paragraph 5.5.4 that in a rawlsian

society income will be distributed equally over all individuals, whereas the distribution

of survival probabilities - being natural primary goods - will be uneven.

The primary feature of a rawlsian society is that the resulting distribution of primary

goods can be considered to be fair: nobody's loss is another person's gain. However, the

principles of justice have been heavenly criticized. On the one hand, critics have argued

that redistribution in a rawlsian society did not go far enough, since the natural inequal-

ities remained uncompensated. On the other hand, critics have argued that rawlsian

redistribution went too far, because people do not have to take responsibility for their

own lives (e.g. Nozick 1974)aa

Both lines of critique were picked up by Dworkin (1981a, b). He argued that people

should both be compensated for natural inequalities and that they should be responsible
for their own decisions.

On the one hand we must, on pain of violating equality, allow the distribution
of resources at any particular moment to be (as we might say) endowment-

sensitive. It must, that is reflect the cost or benefit to others of the choices

people can make so that, for example, those who choose to invest rather than

consume, or to consume less expensively rather than more, or to work in more

rather than less profitable ways, must be permitted to retain the gains that
flow from these decisions in an equal situation followed by trade. But on the
other hand, we must not allow the distribution of resources at any moment

to be endowment sensitive, that is, to be affected by differences in ability
of the sort that produce income differences in a laissez-fare economy among

people with the same ambitions (Dworkin 1981b:311)4s

aaThere has been a third line of critique, namely that the people from behind the veil of ignorance
would not choose the principles of justice as described by Rawls. However, as we have seen Rawls is

looking for a reflective equilibrium, and hence this criticism cuts no ice (see page 5.5.1 and footnote 27).
agDworkin (1981a, b) noted that both requirements of equality, endowment-insensitivity and ambition-

sensitivity pull in opposite directions. No allocation can be fully ambition-sensitive and endowment-
insensitive at the same time. We have to settle for a second-best solution, a mi:c of both objectives
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Kymlicka (1990) gives two arguments why people should be compensated also for in-

equalities in natural primary goods, an intuitive and a contract argurnent. Regarding

the intuitive argument we have to ask ourselves whether or not individuals deserve to be

worse off, just because they happen to be disadvantaged by their place in society. That

is, does the fact that I am handicapped, mean that I deserve to be worse off? No, if

anything, our intuition tells us that individuals with a handicap should - at least partly

- be compensated for their natural disadvantage, if they are to be treated as equals. Re-

garding the contract argument the question is what kind of agreement would be chosen

from behind the veil of ignorance. Suppose that all are equally well off in terms of social

primary goods. Would under those circumstances not every person from behind the veil

of ignorance recognize, that he is worse off when he is handicapped? Yes, they would.

But then society should recognize those differences, as it recognizes differences in social

primary goods.

The above reasoning can also be applied to the (undeserved) survival probabilities within

the life-externality problem. People do not deserve to be worse off, just because they are

more sensitive to heat stress. Moreover, all would - from behind the veil of ignorance -

recognise that they are worse off. Hence, individuals with a comparatively low survival

probability must be (partly) compensated, if they are to be treated as equals. Moreover,

our intuitions would also tell us that the compensation must be larger, the more unevenly

the costs of pollution are distributed within society. That is, the compensation to be

paid to an individual must be larger, the larger the gap between the lowest and the

highest survival probabilities, and the smaller the number of people that is affected by

the increase in pollution.

Finally, consider a situation in which two individuals have similar incomes and similar

partly fulfilled. The mechanism Dworkin describes in order to reach equality of resources is a complex

one and involves suctions, insurance markets and free trade. However, it does not accomplish its goal.

The mechanism proposed by Dworkin does not provide the right incentives to establish the desired

equality of resources (see e.g. Roemer 1996). I will not pursue this line of thought any further at

this point, although I will come back to the ideal sketched by Dworkin later on. Nevertheless, despite

its inconsistency, the idea of resource egalitarianism first formulated by Dworkin, focusing on what a

person is and is not responsible for, remains an important issue in the literature. For recent advances

in this debate and a relocation of Dworkin's cut between what a person is responsible for and not see

Arneson (1989, 1990) and Cohen (1989). For a critique on these see Roemer (1996) who also provides an

overview of the literature on distributive justice in `economic terms'. For an overview of the literature

on distributive justice in philosophical terms see Kymlicka (1990).
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survival probabilities. In addition, suppose that, after the veil of ignorance has been
lifted, for one of the individuals the risk of dying is unavoidable, whereas for the other
it is avoidable albeit at the cost of some expenses. Would both persons not agree, from
behind the veil of ignorance, that the one with the avoidable risk would be better off,
since he has at least the opportunity to increase his survival probability? And does
the individual whose risk of dying cannot be avoided, deserves his situation? No. But
in that case individuals running a unavoidable risk should receive a larger amount of
compensation for the risk they are running than individuals who are running an avoidable
risk of a similar magnitude.

5.7.5 Towards a fair scheme for the life-externality problem

Suppose that society is considering a scheme which will (substantially) increase the
amount of available resources within society, and, at the same time, will also (substan-
tially) increase the yearly number of annual deaths. Suppose further that the benefits
and costs of the scheme are such that they are unevenly distributed over society. Some
individuals will benefit more than others, and some - not necessarily those who benefit
most - will have a higher probability of dying than others. Examples of such a scheme
are (i) the decision to increase the level of greenhouse gases which will lead to - com-
pared to the decision not to increase the level of greenhouse gases - a higher level of
material welfare, but also to an increase in annual mortality; (ii) the decision to build a
large number of nuclear reactors which will provide cheap energy to all, but which will
increase the probability of nuclear accidents; (iii) the decision to use chemical products
like CFC's in order to produce more cheaply, but, at the same time, encroach the ozone
layer. A decision to go ahead with any of these choices will increase efficiency, and hence,
increase prosperity for many. But a decision to go ahead will also reduce the survival
probabilities of many other individuals. Given the controversial nature of the choices at
hand the questíon arises under what conditions we are be able to say that the decision
is indeed a fair one? Below I will list a number of criteria that - in my opinion - must
be satisfied in order for the decision to be a fair one. It has to be noticed that the list
below contains only necessary, and hence, no sufficient conditions. Nevertheless, the list
may present a framework for judging our actions in complicated decisions which have
important implications for life and death.
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1) Within the context of the life-externality problem no single individual, or group of

individuals, must be able to veto a change in the level of pollution. However, when

such a change would lead to a certain, or almost certain, death of some individuals,

these individuals should be able to veto such a change.

2) If the costs of an increase in pollution are unevenly distributed, the amount required

to compensate those who are disadvantaged - in the sense that their survival prob-

ability decreases more strongly than that of others - should be larger, the more

uneven those costs are distributed over society, or the smaller the number of people

is, that are affected by the increase in pollution.

3) Strategic behaviour - in the sense of being a better bargainer or having a better

bargaining position - should not be relevant for splitting the gains of trade.

4) Valuations based on subjective feelings should be disregarded, if it can be established

on more or less objective grounds that an act does not harm anyone or if it harms

him less than the victim is stating.

5) When liability instead of property rights are used in order to secure people's `right

to life', all individuals should have benefited from the increase in pollution. If this

condition is not satisfied, at least some compensation should be paid ex ante.

6) In the situation that individuals have equal incomes, unequal survival probabilities

and that their right to life is secured by a liability right instead of a property

right, the individual with the lower survival probability should receive at least

some compensation ex ante.

7) Individuals running a unavoidable risk of dying should receive a larger amount of

compensation for the risk they are running than individuals who are running an

avoidable risk of equal magnitude.

To conclude, it must be emphasised that fairness is - in general - but one of the policy

objectives of governments. Other considerations, like efficiency, effectiveness, responsi-
bility, history, or implementability, may - and must - have a large influence on policy.

Nevertheless, two observations would lead one to believe that criteria one to seven must

be largely satisfied irrespective of other considerations.
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First, to talk about life and death in terms of loss or benefit may not capture what living

a life means to us. People do not merely value their life, they have reference for life,

respect for life. Some even consider life to be sacred, to have worth or dignity. Moreover,

to value our lives merely in terms of losses and benefits means that we value life only

for the future possibilities it offers to us. However, as Dworkin (1993) points out, this is

inadequate, because it ignores the history of our lives.

It ignores the crucial truth that waste of life is often greater and more tragic

because what has happened in the past. The death of an adolescent girl

is worse than the death of an infant girl because the adolescent'ss death

frustrates the investments she and others have already made in her life -

the ambitions and expectations she constructed, the plans and projects she

made, the love and interest and emotional involvement she formed for and

with others, and they for and with her (Dworkin 1993:87-88).

Second, although the criteria one to seven undoubtedly restrict the number of admissible

choices, it seems that there still is considerable freedom of choice. However, these crite-

ria do exclude approaches based on either the willingness-to-pay or the human capital
approach, since neither of these approaches compensates people for the harm inflicted

on them. Hence, both approaches violate criteria two and seven. This does not mean

that these approaches do not have a role to play in the discussion about global warming.

What people are willing to pay is an important piece of information, but it cannot be

used in order to determine what should be done. In the words of Broome,

If we fix no definite economic value on life, the decisions will still get made as they always
have. Like many other hard decisions, they have to be made without the guidance of

clear criteria. If they are to be made well, what we most need to improve is the process

by which they are made. We need sensitive and humanitarian decision-makers, who will

face up to the full difficulty of life-and-death decisíons. But putting a money-value on

life helps to make the decisions seem mechanical and easy. We do not want our rulers to

be sheltered by their experts from a full appreciation of their responsibilities (Broome

1985:292 ) .
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Appendix M

In a utilitarian society the fully specified problem is given by

n

max 1~~i(P - Li)Uj(Ci f Dj~ Nj),c,,...,c,,,D,,...,D„ n j-i
n n n

s.t. ~Yj-pc~C;-pD~D;-~,
j-i i-i j-i

n
P-~Dj,

;-i

(M-I)

(M-2)

(M-3)

`dj : Cj, Dj ~ 0, (M-4)

The Lagrangian for this problem is given by

1 ~nj(~Di-Lj)Uj(Cj~Di~Ni)~~(~Yj-pc~Cj -pD~D;).
nj-i t-i j-1 j-1 j-1

The corresponding first order conditions are

n

Dk : ~ IIjUj -f- IIkUk - i~npD - 0,
j-1

Ck : IIkUk-~npC-~.

Eliminating .~ we get

n é~D - T~C

j-1 ~~U~ - pC nkUk~

which, since this holds for all k, gives the desired result

(M-5)

(M-6)

(M-7)

bk~ : IIkUk - II~U~. (M-ó)
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Samenvatting

Dat de uitstoot van broeikasgassen op termijn kan leiden tot klimaatveranderingen lijkt

drie jaar na de publicatie van het tweede IPCC rapport een vrijwel onomstreden feit.

De beleidsvraag die zich op dit moment dan ook vooral voordoet is niet zover of er

een reductie van broeikasgassen moet plaatsvinden, maar vooral hoe groot deze reductie

zal moeten zijn. In dit proefschrift wordt de bovenstaande beleidsvraag geanalyseerd

vanuit een economisch perspectief. Als instrument wordt daarbij gebruik gemaakt van

de zogenaamde kosten-batenanalyse. Met behulp daarvan kunnen verschillende opties

(verschillende reductiepercentages van broeikasgassen) met elkaar worden vergeleken aan

de hand van de daaruit voortvloeiende kosten en opbrengsten.

In het eerste hoofdstuk wordt de schadefunctie, dat is de samenhang tussen het niveau

van broeikasgassen en de daaruit voortvloeiende milieuschade, geanalyseerd. De ge-

bruikelijke veronderstelling daarbij is dat deze schadefunctie stijgend en convex is. Dit

houdt niet alleen in dat een verhoging van de uitstoot van broeikasgassen leidt tot een

stijging van de milieuschade, maar ook tot een steeds snellere stijging van die milieu-

schade. Een alternatief voor de aanname dat de schadefunctie convex is, zou kunnen zijn

dat deze een of ineerdere drempels bevat. In dat geval leidt een verhoging van de uitstoot

nog steeds tot een hogere milieuschade, maar niet meer tot een steeds snellere stijging van

die milieuschade. Kenmerkend voor een drempel is namelijk dat de milieuschade voor

de drempel slechts zeer beperkt stijgt, in de buurt van de drempel zeer sterk stijgt en

na de drempel (wederom) zeer beperkt stijgt. Voorbeelden van drempeleffecten zijn een

omkering van de warme golfstroom, waardoor de gemiddelde temperatuur in Noordwest

Europa met meer dan 6 graden Celsius stijgt en een uit de hand lopend broeikaseffect.

De eerste vraag die in de inleiding aan de orde komt is, of er op basis van de infor-

matie die we nu hebben, iets gezegd kan worden over de vorm van de schadefunctie. Het

antwoord op deze vraag is negatief. In zowel de economische als natuurwetenschappelijke

literatuur is geen informatie aanwezig over de vorm van de schadefunctie. Toch wordt
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in de economische literatuur vrijwel uitsluitend gewerkt met convexe schadefuncties en

vrijwel nooit met schadefuncties waarin drempeleffecten aanwezig zijn. De reden hier-

voor is onduidelijk, maar heeft - naar inschatting van de auteur - vooral te maken met

de (veronderstelde) onoplosbaarheid van wiskundige modellen waarin drempeleffecten

aanwezig zijn en de (onbewuste) verlangen om niet te veel af te wijken van hetgeen

gebruikelijk is.

Als de aanwezigheid van drempeleffecten in de schadefunctie a priori niet uitgesloten

kan worden, dan rijst de vraag wat de gevolgen daarvan zijn voor conclusies die kunnen

worden getrokken op basis van de economische theorie. Een van de meest bekende con-

clusies is bekend als de optiewaardetheorie. onzekerheid met betrekking tot onomkeer-

bare milieuschade leidt ertoe dat in het heden minder vervuild moet worden. De reden

is dat naarmate de tijd verstrijkt meer informatie beschikbaar komt over de (negatieve)

effecten van milieuvervuiling. Door te wachten kan in de toekomst een betere beslissing

worden genomen ten aanzien van het optimale niveau van vervuiling. Recentelijk is de

optiewaardetheorie echter ter discussie gesteld. Afhankelijk van de specifieke kenmerken

van het probleem zou onzekerheid zowel kunnen leiden tot meer als minder vervuiling.

De cruciale factor daarbij is of beslissingen uit eerdere perioden al dan niet (gedeel-

telijk) omkeerbaar zijn. Aangezien bij het broeikaseffect vooral het totale niveau van

vervuiling van belang is voor de uiteindelijke schade, kan een eerder genomen beslissing

alsnog worden teruggedraaid voorzover althans het uiteindelijke niveau van vervuiling

nog niet is overschreden. In dat geval hoeft onzekerheid omtrent het uiteindelijke effect

van vervuiling dus niet noodzakelijkerwijs te leiden tot minder vervuiling in het heden.

Cruciaal voor het bovenstaande resultaat is dat nieuwe informatie over de effecten van

historische niveaus van vervuiling binnen een redelijke termijn beschikbaar komt. Met

een redelijke termijn wordt daarbij bedoeld de termijn die verstrijkt totdat nieuwe beslis-

singen ten aanzien van de uitstoot van broeikasgassen moeten worden genomen. Nieuwe

informatie die niet binnen deze termijn beschikbaar komt, heeft een zeer geringe (econo-

mische) waarde, omdat zij de te nemen beslissingen niet kan beïnvloeden.

Empirische aspecten maken het in het geval van het broeikaseffect uitermate omwaar-

schijnlijk dat nieuwe informatie binnen de genoemde termijn beschikbaar komt.

Allereerst laten schattingen van de IPCC zien dat het minimaal enkele honderden jaren

tot wel duizend jaar duurt voordat de uiteindelijke effecten van de emissies van broeikas-

gassen bekend zijn. De oorzaak van deze vertraging ligt in de inertie van het klimaatsys-
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teem en dan met name de terugkoppelingseffecten van de (diepe) oceanen. De nieuwe

informatie die binnenkomt ten aanzien van de schadefunctie voor het broeikaseffect

komt dus veel te laat binnen om toekomstige beslissingen - die in ieder geval binnen

de komende honderd jaar genomen moeten worden - te kunnen beïnvloeden. De (econo-

mische) waarde van deze informatie is dus geringer dan vaak wordt aangenomen.

Een bijkomend en versterkend effect is dat de economische waarde van nieuwe informatie

nog verder daalt als de schadefunctie een of ineerdere drempels bevat. De informatie

dat tot nu toe nog geen drempel is overschreden, heeft immers weinig tot geen voor-

spellende waarde ten aanzien van de toekomstige overschrijdingen van drempels. Een

kleine veranderirrg in vervuiling (of in terugkoppelingseffecten) kan ervoor zorgen dat een

bepaalde drempel alsnog wordt overschreden. In het geval van catastrofale drempels zal

de (economische) waarde van deze informatie zelfs nul zijn, omdat de samenleving dat

soort drempels in geen geval wil overschrijden. In geval catastrofale drempels (negatief

oneindig nut) niet kunnen worden uitgesloten, heeft een nutsmaximaliserende samen-

leving - ongeacht de kosten van bestrijding - geen andere optie darr niet te vervuilen.

Het voorzorgsprincipe - dat is het principe dat de samenleving geen onomkeerbare beslis-

singen wenst te nemen waarvan zij later spijt kan krijgen - kan dus gemotiveerd worden

vanuit de mogelijke aanwezigheid van catastrofale drempels.

In het tweede en derde hoofdstuk van dit proefschrift wordt het probleem van drempel-

effecten onder zekerheid geanalyseerd. Een nutsmaximaliserende samenleving ontleent

nut aan zowel consumptie als milieu. Hoe hoger de consumptie, hoe hoger de vervuiling

en hoe lager de milieukwaliteit. De samenleving weet dat als de milieukwaliteit daalt tot

onder een bepaald niveau (de drempel), het menselijk nut wordt vernietigd. Dit betekent

dat - ongeacht het niveau van consumptie en vervuiling - het nut na de overschrijding

van de drempel gelijk is aan nul. De overschrijding van de drempel is daarbij onomkeer-

baar. De samenleving beschikt over volledige informatie. Als geen vertraging bestaat

tussen het tijdstip waarop de vervuiling plaatsvindt en het tijdstip waarop het nut wordt

vernietigd, dan zal een nutsmaximaliserende samenleving de drempel niet overschrijden.

Immers op het moment dat het voorraadniveau van vervuiling de drempel is genaderd,

dan zal het voor een samenleving beter zijn om de vervuiling terug te dringen tot nul op

voorwaarde dat het nut bij een vervuiling van nul tenminste positief - hoe klein dan ook

- is.

Als wel een vertraging bestaat tussen het tijdstip waarop vervuiling plaatsvindt en het
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tijdstip waarop het menselijk nut wordt vernietigd dan gaat deze conclusie niet langer op.
Afhankelijk van het specifieke probleem kan het voor een nutsmaximaliserende samen-
leving optimaal zijn om een drempel te overschrijden die leidt tot de vernietiging van
het menselijk nut. In dat geval is het verdisconteerde nut van het niet overschrijden van
de drempel (over een oneindige tijdshorizon een klein positief nut) lager dan het verdis-
conteerde nut van het wel overschrijden van de drempel (over een eindige tijdshorizon
een relatief groot positief nut). Daarbij kan aangetoond worden dat des te ongeduldiger
de samenleving is (in de zin van een hogere verdisconteringvoet) en des te duurder de
bestrijdingskosten van vervuiling zijn, des te waarschijnlijker is het dat die samenleving
de drempel overschrijdt. Dat een samenleving de keuze maakt om de drempel te over-
schrijden kan dus niet in alle gevallen worden toegeschreven aan het falen van de markt.
Een samenleving kan besluiten om de drempel te overschrijden, omdat dat - binnen het
raamwerk van nutsmaximalisatie - de beste keuze is.

In het vierde hoofdstuk wordt het probleem van drempeleffecten onder onzekerheid ge-

analyseerd. Er wordt een onderscheid gemaakt tussen onzekerheid met betrekking tot
de locatie van de drempel (bij welk vervuilingsniveau wordt de drempel overschreden) en

onzekerheid met betrekking tot de impact van de drempel (hoe groot is de milieuschade

als de drempel wordt overschreden). Bekeken wordt op welke wijze veranderingen in
onzekerheid doorwerken in de beslissing van een nutmaximaliserende samenleving.

Zolang de samenleving de onzekerheden kan beschrijven door middel van een kansver-
deling, spreken we van risico. Aangetoond wordt dat een stijging van het risico met
betrekking tot de impact altijd leidt tot een lager niveau van vervuiling. De reden daar-
voor is dat een stijging van het risico leidt tot een lagere waardering van de gebeurtenis
`de drempel wordt overschreden'. Een stijging van het risico met betrekking tot de locatie
van de drempel kan daarentegen zowel leiden tot minder als meer vervuiling.

Bij (bovenstaande) risicoanalyses wordt gebruik gemaakt kansverdelingen om de on-
zekerheid formeel te modelleren. Er wordt daarbij verondersteld dat een samenleving in
staat is om - gegeven de beschikbare informatie - een kansverdeling af te leiden voor het
onderhavige probleem, in dit geval het broeikaseffect. In gevallen waar de beschikbare
informatie incompleet, tegenstrijdig of zelfs afwezig is, kan het voorkomen dat een samen-
leving niet in staat, of onwillens, is om een dergelijke kansverdeling te geven. We spreken
dan van ambiguïteit. Dit wil zeggen dat betrouwbaarheid van de informatie waarop de
kansverdeling is gebaseerd, een expliciete rol gaat spelen bij de beslissing van de samen-
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leving. Mocht een stijging van de ambiguïteit negatief worden gewaardeerd - we spreken

dan van een ambigue-averse samenleving - dan leidt een hogere ambiguïteit tot een
vermindering van de vervuiling.

In het vijfde en laatste hoofdstuk wordt het zogenaamde levensexternaliteitenprobleem

behandeld. Door de stijging van de temperatuur op aarde zal het leefklimaat voor

de mens veranderen. Hierdoor zal het aantal dodelijke slachtoffers fors toenemen.

Mensen kunnen daarbij overlijden aan directe effecten, zoals hittestress, en indirecte

effecten, zoals bijvoorbeeld een toename van infectieziekten (malaria) en honger. Alleen

al tengevolge van hittestress (een direct effect) zullen volgens de IPCC ca. 140.000
mensen extra per jaar overlijden. Aangezien de indirecte effecten waarschijnlijk veel
meer dodelijke slachtoffers opleveren dan de directe effecten, zal het totale aantal do-
delijke slachtoffers veel hoger liggen dan de genoemde 140.000 per jaa,r. Betrouwbare

gegevens omtrent de impact van de indirecte effecten ontbreken echter.

Het levensexternaliteitenprobleem kan nu als volgt worden gekarakteriseerd. Een toe-

name van de individuele consumptie leidt tot een toename van de voorraad broeikas-
gassen. De toename van de voorraa.d broeikasgassen leidt tot een stijging van de gemid-
delde temperatuur. Hierdoor dalen de kansen van individuen om te overleven, de zo-

genaamde overlevingskansen. Deze daling kan per individu verschillend zijn door bij-

voorbeeld genetische factoren. Uiteindelijk zal dit leiden tot een toename van het aan-

tal dodelijke slachtoffers als gevolg van klimaatverandering. Het levensexternaliteiten-

probleem ontstaat nu omdat mensen verschillende preferenties hebben ten aanzien van

hun consumptiepatroon en overlevingskansen. Van belang daarbij is dat het consumptie-

patroon een individuele keuze is, terwijl de overlevingskansen door een gemeenschap-
pelijke keuze (of in ieder geval door een optelsom van individuele keuzen) wordt bepaald.
De vraag is nu op welke wijze een afweging van de diverse `belangen' kan worden gemaakt,
die zoveel mogelijk recht doet aan de preferenties ten aanzien van zowel het consumptie-

patroon als de overlevingskansen.

De bovenstaande vraag wordt geanalyseerd vanuit vier verschillende optieken: de neo-
klassieke optiek, het utilitarisme, R.awls' recht als rechtvaardigheid en Nozick's libertijnse
theorie. Voor elk van deze optieken wordt nagegaan wat - vanuit hun oogpunt bekeken -

de oplossing is voor het levensexternaliteitenprobleem. Vervolgens wordt beoordeeld of

deze oplossingen tegemoet komen aan onze intuïties met betrekking tot wat redelijk is

en wat niet.
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De standaardmethode binnen de neoklassieke optiek om preferenties ten aanzien van
consumptiepatronen en overlevingskansen af te wegen is de Contigent Valuation Method
(CVM). Bij CVM worden respondenten gevraagd om - gegeven hun inkomen en preferen-

ties - veranderingen in niet op de markt verhandelde goederen te waarderen. Een voor-

beeld hiervan binnen het levensexternaliteitenprobleem zijn de overlevingskansen. CVM

werkt alleen als de eigendomsrechten op de te waarderen goederen duidelijk gedefinieerd

zijn. In het algemeen zal een verandering van eigendomsrechten - in weerwil van het

zogenaamde Coase theorema - leiden tot een verandering van de waarderingen en dus
het economisch evenwicht. CVM zelf doet overigens geen uitspraak over een passende

verdeling van eigendomsrechten. In de empirische literatuur - ook met betrekking tot het

broeikaseffect - wordt overigens de huidige inkomensverdeling meestal als uitgangspunt

genomen. De vraag die dan aan respondenten wordt gesteld, ligt in de trant van

Hoeveel bent u bereid om te betalen om de stijging van de temperatuur ten gevolge van

het broeikaseffect te beperken tot 2.5 graad Celsius?

De impliciete veronderstelling bij deze vraag met betrekking tot de verdeling van eigen-

domsrechten is dat de respondent de eigendomsrechten bezit ten aanzien van zijn eigen

inkomen, maar niet ten aanzien van zijn eigen overlevingskans. Hij dient immers te

betalen om zijn eigen overlevingskans te reduceren. Daar in de literatuur geen onder-

bouwing van deze specifieke verdeling kan worden gevonden, wordt in het proefschrift

gesteld dat deze verdeling van eigendomsrechten bijzonder arbitrair te noemen is. De

uitkomsten van de onderzoeken gebaseerd op CVM komen daarmee in een ander - lees

willekeurig - daglicht te staan.

Binnen een utilitaristische optiek dient het maatschappelijk nut - meestal gedefinieerd als

de som van de individuele nutsfuncties - te worden gemaximaliseerd. Dit betekent dat pas
na de maximalisatie van het maatschappelijk nut claims (rechten) op goederen worden

toegekend. Onder de veronderstelling dat alle individuen dezelfde nutsfunctie hebben

leidt de hantering van het utilistisch principe op het levensexternaliteitenprobleem er-

toe dat individuen met de hoogte overlevingskans ook de meeste consumptiegoederen

toebedeeld krijgen. Individuen met een hoge overlevingskans leveren immers een hogere
bijdrage aan het verwachte maatschappelijk nut dan individuen met een lage overlevings-
kans.

R,awls' recht als rechtvaardigheid maakt een onderscheid tussen sociaal primaire en na-
tuurlijke primaire goederen. Het verschil tussen sociaal primaire en natuurlijk primaire
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goederen is dat de sociaal primaire goederen direct worden verdeeld door onze sociale

instituties, terwijl de natuurlijk primaire goederen hooguit onder invloed staan van die

instituties. Tot de eerste categorie behoren bijvoorbeeld inkomen, vermogen, kansen,

rechten en vrijheden, tot de tweede categorie behoren gezondheid, intelligentie en levens-

kracht. Op sociaal primaire goederen is het zogenaamde difference principle van toepas-

sing: zij moeten gelijkelijk verdeeld worden over de individuen, tenzij door een ongelijke

verdeling ook de minst bedeelden erop vooruit gaan. Aan de verdeling van natuurlijke

primaire goederen hoeft (vanuit het rechtvaardigheidsprincipe) niets te worden gedaan.

Binnen het levensexternaliteitenprobleem wordt consumptie gezien als een sociaal pri-

mair goed, terwijl de overlevingskans (net als gezondheid) gezien wordt als een natuurlijk

primair goed. toepassing van Rawls' principe leidt er dan ook toe dat alle individuen de

beschikking krijgen over een even grote hoeveelheid consumptiegoederen (de aanname is

dat de hoeveelheid goederen in de economie vast staat). De verdeling van overlevings-

kansen over individuen daarentegen hoeft niet te worden aangepast.

Het kernthema van de libertijnse theorie van Robert Nozick is dat individuen een zeer

groot aantal onvervreemdbare rechten hebben. Deze rechten zijn zo groot in aantal

en zo verreikend dat niets deze rechten kan en mag schenden, behalve vergelijkbare

rechten van andere mensen. De toepassing van Nozick's theorie op het levensexter-

naliteitenprobleem zou ertoe leiden dat alle individuen de volledige beschikking krijgen

over hun eigen inkomen, maar ook over hun eigen overlevingskans. Er zou geen uitstoot

van broeikasgassen plaats mogen vinden zonder de uitdrukkelijke toestemming van alle

mensen. Omdat unanimiteit over het algemeen moeilijk te verkrijgen zal zijn, moet de

initiële status-quo - dat wil zeggen de oersituatie - gehandhaafd blijven. In een libertijnse

wereld zal dus geen of nauwelijks vervuiling aanwezig zijn.

Aan het eind van het hoofdstuk worden de resultaten van de bovenstaande theorieën

kort besproken. Het criterium daarbij is dat de aangedragen `oplossing' moet voldoen

aan onze intuïties omtrent rechtvaardigheid en gelíjkheid. Uit deze bespreking komen

de zeven criteria naar voren waaraan een oplossing moet voldoen wil zij het predikaat

rechtvaardig en eerlijk kunnen dragen. Alhoewel de zeven criteria zijn ontleend aan de

vier bovenstaande theorieën, voldoet geen enkele theorie volledig aan deze zeven criteria.
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