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Abstract

In this paper the climate change ecect is an unforeseen earth tem-
perature level above which a negative externality on technology and
hence on society’s welfare is exerted. We use a dynamic overlapping
generations model to develop a positive analysis of the growth path
of an economy with the negative temperature spillover leading to a
structural breakdown in capital productivity. Two scenarios for the
impact of climate change on intergenerational equity are analyzed: the
..rst is consistent with a state-of-nature framework in which atomistic
agents cannot infuence the probability that a particular event (pro-
ductivity collapse) will occur. In the second, according to the maxim
that everybody does what | am doing....”, agents recognize that their
choices may intuence the probability of productivity collapse occur-
ring in their lifetime.
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1 Introduction

Evolution of human life and the development of particular social attitudes
and economic skills have largely been conditioned by climatic conditions and
their permanent changes (Nougier, 1977). Until the scienti..c and industrial
revolution of the XVIII century, if on the one hand it was recognized that
the climate had some infuence on human activity, on the other climatic con-
ditions were regarded as a token of Nature unacected by, and unrelated to,
human activity. We are now aware that large-scale industrial production
is likely to have long-term irreversible ecects on climate, mainly through
’greenhouse ecects”, which in turn may dramatically limit the overall pro-
ductivity of land and physical capital as well as future generations’ ability to
satisfy their needs through production.

Hence the problem of intergenerational equity is at the centre of the de-
bate over sustainability of growth. Often, growth itself is de..ned in terms
of equity between generations. That is, increasing concern for the nega-
tive environmental consequences of economic activity calls into question the
desiderableness of a process of economic growth that overemphasizes the pro-
duction of goods for the present generation and does not discount the growth
opportunities left over for future generations. In this respect, some authors
(see for instance Pearce, Barbier and Markandya, 1990) propose that the
target of economic policies should be to maintain natural capital (i.e. en-
vironmental assets and natural resources) intact. That is, economic growth
is “sustainable” if it can proceed ad in..nitum at a constant rate consistent
with the availability and renewability of natural resources. Other authors
(i.e. Solow, 1974, 1986, Tietenberg, 1988, Nordhaus, 1991a, Pezzy, 1989,
1992) de..ne sustainability as a more general obligation to give future gen-
erations a general option for well-being which should at least not be lower
than that of the current generation.

Intergenerational equity is a moral category. As such, it is not obvious, at
least from the viewpoint of the self-interest postulate of positive economics,
that present generations should care about future ones more than the con-
sumer of a commodity should care about other consumers. As is well known,
a condition ensuring that individual self-interest does not prevent society
from allocating resources optimally is that its members exchange private en-
dowments in competitive markets. Since the markets for transactions with
future generations are simply non existent, the potential welfare confict be-
tween self-interested generations, and the ensuing intertemporal misuse of



resources, cannot be ignored.

Suppose we agree on the moral imperative of intergenerational equity.
Hence we may also agree to delegate a social planner to allocate resources in
a way that maximizes intergenerational welfare or, opting for a decentralized
altruistic” solution, each of us agrees to include future generations’ welfare
in his/her own utility function to be maximized intertemporally. Ideally,
the outcomes of the two agreements should be equivalent. However, the key
problem is that both hinge on a consequentialist” moral attitude, that is
one which is legitimated by the alleged ability of the individual to discount
the consequences of his/her own actions. If we are largely ignorant of the
future consequences of our actions, not only is it “technically” di¢cult to
solve the intertemporal allocation problem correctly but, what is more im-
portant in the present context, the very foundation of the moral imperative
for intergenerational equity is fimsy.!

Thus, in addition to the ”missing market” problem, the second crucial
problem is that we know very little about the reciprocal ecects between
industrial production activity and climate changes (Lave, 1991, Chichilnisky
and Heal, 1993). The general presumption is that a correlation exists between
the scale of production with known technologies, emission of greenhouse gases
(GHGs), increase in the earth’s average temperature and other signi..cant
climate changes that are likely to negatively acect most human activities
including production itself.? However,

there is no agreement on how rapidly greenhouse gases will be
emitted over the next century, how rapidly they will accumulate
in the atmosphere, what will be the cost of abatement, how large
the climate change will be, or even whether the change will be
predominantly bene..cial or harmful (Lave, 1991, pag.9)

As argued by Chichilnisky and Heal (1993), this kind of uncertainty is not
the probabilistic risk that insurance markets are used to dealing with. We are
not simply uncertain over the possible outcomes of a known process: we lack

LWhile correct valuation of non-market environmental goods is an essential step for
eCcient intertemporal use of resources by an economy, it does not guarantee that the
economy will develop sustainably (Howarth and Norgaard, 1992).

2The global warming phenomenon relates to the stock of GHGs in the atmosphere,
some of which, like CO;; are persistent over a long time-span. Moreover, as there is no
available technology for removing emissions already emitted (i.e. there is no way of getting
“negative emissions”), this makes GHGs emissions irreversible.
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Figure 1:

knowledge of the process itself. Moreover, we also typically lack experience
of repeated occurrences on which frequency estimates of probabilities may be
based. This state of knowledge entails that a framework to study the impact
of climate change on intergenerational equity should include some form of
’structural uncertainty”. The best we can do is to devise a tree of events on
which a measure of our level of con..dence in our scienti..c knowledge may
be attached to each branch. A very simple example is shown in ..gure 1.

How uncertainty interferes with the moral approach to intergenerational
equity is easily understood with the help of this outline. Suppose the present
generation adheres to the intergenerational equity principle; therefore, the
chosen growth path depends on assessment of the state of nature of future
generations, given available knowledge. For instance, the level of con..dence
in the ..nal event, that is in the (irreversible) negative temperature ecect
on production activity, may be negligible. Otherwise, beliefs may dicer in
society in such a way that only some agents discount the event of “falling
productivity” while others do not. In either case, the actual growth path
will be dizerent than it would have been if all agents were certain of a fall
in productivity. Now suppose that productivity does fall to zero as a con-
sequence of previous economic growth: ex post, the growth path chosen by
previous generations turns out to be unsustainable, but those generations can
hardly be blamed for their choice, if they maximize intergenerational utility
consistently with their available knowledge.
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A further critical uncertain dimension is missing in this scheme: time.
Even though we may be prepared to say ”yes” con..dently at each node, our
behaviour may still be conditioned by our assessment of the time horizon of
the event. In a strictly moral approach to intergenerational equity, the time
horizon should be of no value if all generations are to be treated equally.
However, a zero time discount rate may give rise to well-known paradoxes in
this context (Beltratti, 1995).

Since uncertainty seriously limits the viability of the moral content of in-
tergenerational equity, we think it is interesting to develop a positive analy-
sis of the growth path of an economy that uses a technology with negative
spillover onto climate conditions (temperature), leading to a structural break-
down in capital productivity, where self-interested generations are uncertain
as to the time of the breakdown.

2 Climate change and overlapping generations

The model developed here is based on a number of simpli..cations of the
many nuances of the picture drawn in the previous paragraphs. Firstly, we
consider the case where global warming only acects technology®. In partic-
ular there exists a critical temperature level beyond which the production
process exhibits zero (negative) capital productivity. Second, the warming
ecect of technology and the negative cumulative spillover of temperature
on capital productivity are deterministic processes; thus we concentrate on
the time of the productivity breakdown as the only source of uncertainty.
The uncertainty is structural, i.e. agents do not know the exact value of
the temperature threshold, which is discovered only when it is reached, as
agents alive at that time observe the quantity produced. Finally, we uti-
lize the two-period overlapping generations framework of Samuelson (1958)
and Diamond (1965), and we assume that agents in each generation are self-
interested. Such a demographic structure allows analysis of situations where

3Most models of the greenhouse ezect specify the feedback of pollution on future welfare
through both amenity and production exects, where the former typi..es the fact that
environmental quality is seen as a luxury good that does not infuence consumption as such
but can erect the well-being of individuals in society. However, unlike with most polluting
gases, GHGs such as carbon dioxide, methane and nitrous oxides are typically benign for
individuals, whilst their negative impact on climate change in the long-run possibly lead
to economy-wide disruptions. Therefore a deliberate choice is made to assume that the
only ewzect of the stock of GHGs is on productive capacity (Cesar and Zeeuw, 1995).



agents’ actions have consequences that outlive them and are not discounted.
However, as we shall see, time uncertainty, in the form of each generation’s
probabilistic assessment of the productivity breakdown occurring in its own
lifetime, is a way in which this future state of nature does come to acect the
economy’s growth path.

As to assimilation of emissions in the atmosphere, many authors facing
the problem of not having a nice quantitative (deterministic) assimilation
function take the linear approximation as a convenient proxy (Foster, 1975,
Dasgupta, 1982, Barbier and Markandya, 1990, Pethig, 1990). Others con-
sider dizerent, non linear speci..cations of the assimilation function to give
an idea of the consequences of slight variations in the steady state levels of
pollution and consumption (Barbier and Markandya, 1990, Cesar and Zeeuw,
1995).

Since if a climate change occurs it is likely to be irreversible, a crucial
problem for most sustainable growth models is the ability of achieving sus-
tainable development before the process of assimilation of Greenhouse gases
in the environment breaks down. Such sustainable development relies on dif-
ferent speci..cations of the assimilation function of Greenhouse gases (Cesar
and Zeeuw,1995).

As regards the scienti...c relationship between gaseous emissions and global
average temperature, nobody can safely predict rises in temperature associ-
ated with the level of economic activity. However, most models assume a
linear relationship between accumulation of carbon dioxide (CO,) and other
GHGs and the increase in temperature, ignoring the possibility of nonlin-
earity and the existence of threshold levels beyond which the ecosystem will
break down (Matteucci, 1990, Beltratti, 1993a). The same holds in our case,
after assuming a relationship between temperature and GH Gs concentration.

2.1 Climate change ecects on production

Firms produce a single non storable good using capital and temperature
as production factors according the following linearly separable production
function:

fk; T T = g(k)) + Amin(0; T°  To) with A _ 0 D

Technology f(:) requires installation of capital one period before produc-
tion, and it is twice continuously dicerentiable and strictly concave in k. T



is the average current temperature level of the earth, while T stands for
the upper average bound of the temperature above which it exerts a neg-
ative externality on production. The parameter A measures the incidence
of the temperature level on production; A = 0 typi..es the case where the
temperature does not acect production.

The second part on the r.h.s of equations (1) retects the costs, in terms of
production loss, that the ..rms must sustain because of a level of temperature
above the critical threshold T®. As mentioned by Beltratti (1993a), such
costs may be imputed to the ecects of extreme climate conditions, such as
hurricanes and toods.*

On the assumption that the environmental factor has no stock feedback
productive ecects, the link between economic activity and the environmental
factor is represented as follows:

Tt - okt with © > 0: (2)

That is to say, the temperature level is endogenous. Emissions are a
nonplanned joint output of production; emissions determine GHGs concen-
tration, which eventually increases the average level of temperature. The
above equation (2) has, therefore, to be thought of as a reduced form of
a more general production structure based on ..xed capital and fossil fuels,
with strong complementarity between the two factors of production.®

Finally, the reduced form (2) allows us to rewrite production function (1)

“Equation (1) implies that as long as Ty - T° the temperature does not have any
(positive or negative) ecect on (average and marginal) capital productivity. This speci-
..cation seems justi..ed on the ground that it might be the speed of temperature change
that determines how badly ecosystems are acected (see for example Tahvonen, von Storch
and Xu, 1992, and Beltratti, 1993a). On the other hand, we may consider how the level of
temperature intuences production (and/or the utility) as suggested by Nordhaus (1991b)
and Beltratti (1993b). In this case our production function should be written as:

f(kt, Tt, Tn) = g(kt) + Amin(Tt;Tn) - g(kt) + ATt + Amln(O,Tn i Tt)

If A > 0 the temperature presents a growing positive externality ezect at least till the
upper level T?; beyond this level the externality stops. On the other hand if A < 0 the
temperature presents a negative increasing externality which reaches its maximum ecect
when the upper level T? is reached.

5As suggested by Beltratti (1993a), we can assume that the stock of emissions of CO,
and other GHGs infuence temperature through out a linear relationship:

Te= P¢



in terms of capital only. That is:
Tk kK®) = g(ke) + A°min(0;k° j ko)  with A° _ 0; ©)

or (
g(kt) . |f kt - ku
g(ky) T A°(ke § k) if ke >k®

Now k* plays the role of an upper bound to the productive capital stock
induced by the environmental factor temperature. Capital productivity is
9'(k¢) as long as k; - k® and drops to g°(k;) j A° when accumulation reaches
the upper level k™: To simplify the model and make the scenario more dra-
matic, we introduce the following assumption on capital productivity.

Fke; K*) =

Assumption 1. g'(k;) < A° for all k; > k":

As the ecosystem breaks down after T is crossed, some irreversible con-
sequences like melting of ice caps, deserti..cations, species extinctions etc.
lead to immediate collapse of the economy expressed by a negative (zero)
capital productivity.® Under the above assumption, the general shape of (3)
is as in ..g.2 below.

Fig:2 About here

2.2 Structural uncertainty

In our model, structural uncertainty arises because the economy does not
know the exact temperature threshold of collapse of capital productivity. We
call this the economy’s ’disaster point”. The threshold can be discovered only

where Greenhouse gas concentration evolves over time according to the following process:
Pt =E¢+ (1 i h)P¢;1

This means that P increases over time due to emissions and gradually declines according
to the assimilative capacity of nature h, i.e. the average atmospheric lifetime of GHGs is
%: As long as current emissions depend linearly on the level of activity expressed by the
use of capital, Ex = "k¢, and by assuming for sake of simplicity h = 1 we get the reduced
form (2), with © = "

6Results would not change much if we allowed for the more general case where k is
seen as a sign that the ecosystem will soon approach a breakdown. In this case, reaching
k® does not prevent having positive capital productivity, with production continuing to
grow at least over a small range K j k°; with k > k®.



by increasing the quantity of capital, that is by “getting there”. Formally,
given the technical relationship (2), we assume that the economy does not
know the exact value of k” as long as ki < k® and discovers it only when k; _
k®; after observing the quantity produced. We also assume that the agents
treat k” as a random variable with all the relevant information summarized in
the probability distribution H(k) = Pr(k® - k); with density h(k) for k > 0:
As the accumulation process evolves over time, the assessment at time t of
the probability of k® occurring at t + 1 must be modi..ed. Given that the
disaster has not yet occurred, at each time the distribution of k® depends on
the history of k up to time t: In particular, it depends on K; = SUPg<s<i(Ks);
as it is known that k® must lie above this value, for otherwise the disaster
would have occurred at some time before t (Tsur and Zemel, 1994, 1996):
By the property of the truncated conditional distributions, if k® has not yet
been reached at time t its probability distribution is updated to:

8

Hkijk) = 1iHRo) 4
(k1% =1 for k® - Rk @

where H(k j Ro) = Pr(k® - kjk®>Ky:

2.3 An overlapping generations model

To capture the interaction in markets between individuals at dicerent stages
of their life-cycles, and the presence of some environmental externalities on
production due to climate change, we present a simpli..ed version of a stan-
dard Samuelson (1958) and Diamond (1965) overlapping generations model.

Consider an in..nite horizon market economy consisting of ..nitely living
individuals and perfectly competitive ..rms. At each date t = 1;2;3:::: a new
generation of individuals is born who live for two periods. For the sake of
simplicity, we assume that the population does not grow over time and is
normalized to one, while all individuals are identical.” Since in this economy
each generation lives for two periods, an individual born at time t consumes
c? in period t and ci,, in period t + 1. The purpose of such individuals is to
maximize their life utility function:

UE) + HE: U(elyy) | ©)

"Considering population growth does not change qualitatively the results with substan-
tial complication of the model.




where | 2 [0; 1] is the discount factor due to the existence of time preference,
and E(:) is the expectation operator, taken with respect to the information
available at time t on the “disaster point” when the consumption decision
is made. We choose u(:) to be a standard increasing dicerentiable function
with the following properties:

Assumption 2. u'(c) > 0; u®(c) < 0; limgx 1 U'(c) = 0;limcuoU’(c) = A;
and u(0) =up ¢ 0

When young, the individual supplies labour inelastically, earning a ..xed
real wage normalized to 1, and supplies his savings to ..rms, earning the gross
return Re+p = 1 + re; When old: Firms use savings to build up productive
capital, which becomes productive after one period. Thus the individual is
subject to the following budget constraint:
¢ = 1list (6)

C%+1 = Rt+1St @)

where s; is saving at time t: As capital accumulation increases the stock of
GHGs emissions which, in the end, infuences the temperature and hence the
production technology; agents’ savings degrade the environment bequeathed
to future generations. However, to make more dramatic the relation between
generations’ allocative decisions and growth sustainability, we deliberately
rule out the possibility of young people allocating their wages between in-
vestment in capital and investment in environmental quality improvement.®

Firms maximize one period’s pro..ts by renting capital to the point where
the marginal product of capital is equal to its rental rate %, =+ + ry. Given
the production function (3) and assumption 1, pro..t maximization implies:

e = g'(ke) if ke <k®
he=0  if k. k° ®)

Finally, capital, in turn, lasts for one period only so the rate of deprecia-
tion is + = 1:°

8 As already pointed out, there are very few real possibilities of reducing the Greenhouse
Exect. The only way to reduce the stock of GHGs is to diminish fossil fuel use and hence
to decrease production. See also footnotes 2 and 5.

%As is usual in this setting, we assume that there exists an initial generation of old
agents who posses the capital stock in the ..rst period, ki;as endowment. These old agents
supply the capital to the ..rms and consume ¢; = (1 + r1)ks; and the ..rms in the ..rst
period have technology g(ki) with k; < k®:

10



3 Competitive equilibrium:the atomistic in-
dividual

A competitive equilibrium for this economy is represented by a sequence
Tke; ce; Se; reg; for t _ 1; such that at each date: (i) individuals maximize
(5) subject to (6), (7) and (4) is taken as given, i.e. this is consistent with a
state-of-nature framework in which the atomistic individual cannot intuence
the probability that a particular state (productivity collapse or non-collapse)
will occur; (ii) ..rms maximize pro..ts taking the rental rate r; as given; (iii)
markets clear, and (iv) k; and T, are given.

Since each individual maximizes independently of previous and future
generations, if at time t+ 1 the equilibrium stock of capital ki+; > k” by (8)
the individual’s second period consumption drops to zero with, by assumption
2, associated utility much lower than its prior value. Then, equation (5)
becomes:

h i
u(ed) + p u(cl, ;) Pr(k® > kesq j K > Ro) + Ug Pr(k® - kesg j K* > Ko) 5 (9)

Making use of (8) and assumption 2, the individual optimal saving deci-
sion is derived from the following ..rst order condition:

u(c?) = p(1 + re)U'(cl, ) Pr(k® = ke j k* > Rp) (10)

According to equation (10), the individual equates marginal utilities across
periods of time, after considering the interest rate, his time preference and his
probability assessment that the equilibrium aggregate stock of capital does
not exceed the upper level k®: As limy=s 1 H(k") = 1 thenalso limg=ws 1 Pr(k® >
ket j K > K¢) = 1; and we get the nonevent case.

Clearly, as Pr(k® > ki1 j k® > K;) < 1 period two’s marginal utility
of consumption decreases, and period-one consumption increases. That is,
the optimal ..rst period consumption level is greater than the nonevent case
as a result of the possibility of an agent experiencing a capital productivity
collapse when old.

We take the individual behaviour modelled so far as representative of his
generation. The ..rst order condition (10) ensures the existence of a saving
function: h i

St =5 reg; Pr(k® > ket j K> K)
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The market equilibrium requires that the demand for goods in each period
be equal to the supply, or, in other words, that the investment at time t +
1 is fully determined by a saving decision at time t: Since, for increasing
accumulation trajectories, K; ~ k; holds; taking account of (4) and (8) we
get: " #
1 i H(kt+l)
1i Hko)

Equation (11) implicitly de..nes k¢+; as a function of the stock of capital
at time t; ki¢: On the other hand, for nonincreasing paths of accumulation,
it is known with certainty that the disaster will never occur, and the above
equilibrium condition reduces to the nonevent one.

Generally, the dynamic behaviour of this economy depends on the prop-
erties of the saving function and on the characteristics of the production
function. Unfortunately, we can say relatively little about the evolution of k
for the general case (Galor and Ryder, 1989, Azzariadis 1993). We therefore
simply discuss a parametric case.

Cll;%; for %> 0(6& 1); and u(c) = Inc for % = 1:

Yy

Ki+1 =S go(km); (11)

Assumption 3. u(c) =

Assumption 4. g(k) =k”; 0<®<1:

Assumption 5. H(k) =1 j eik""; 1 >0

Under the above assumptions, for increasing accumulation paths, equa-
tion (11) is expressed in the form:

" #i1=u
1 wpn @ine 1§ H(Kesy) |
Kt =13 pit@ Kk, 7 AW ey S 08 1) (12
t+1 i %O Ky 1 i H(ky) 4 ©H
and

iy
Keet = ——ihgans  for %=1 &

(Ke+1)

1+ s

This speci...cation has the advantage of pointing out the exclusive role that
learning has on the dynamic path of capital, and hence on the economy’s
speed towards the disaster point. Moreover, it is easy to show that the
economy has a well-de..ned steady state which is equivalent to the nonevent
case:

12



k=1 @ uitk™ ™ for %> 0(& 1); and &zl%u; for % =1 (14)

Some numerical solutions will help to illustrate these results. Let us
assume the intertemporal discount factor equal to @ = 0:9; and set ® = 0:5
and 1 = 1: Figures 3 and 4 show the accumulation function (12) for % = 0:8
and 1:8.

Fig:3 About here

Fig:4 About here

As in our setting each generation is endowed with a ..xed stock of re-
source at the beginning of its life, the ecect of learning on the dynamic path
of capital produces a redistribution of consumption within each generation
between the ..rst and the second period which, although leaving the amount
of resources unchanged for future generations, produces a reduction in the
pro..tability of capital accumulation. Thus, the economy slows down its ac-
cumulation and hence its speed towards the disaster point.

Does the unobservability of the temperature threshold have consequences
for equity between generations? To understand this we have somehow to
specify the eoect of crossing this threshold on the remaining generations.
Since a climate change above a critical level is likely to be irreversible we may
suppose, without forcing the reality, that the inability to reach sustainable
development before the process of GHGs assimilation in the environment
breaks down, i.e. k® < k; means that all remaining generations may lose a
large part (or all) of their endowment or may experience a permanent loss of
utility (i.e. ug ¢ 0).

Whilst when Kk® is known each generation ..nds it optimal to keep capital
accumulation in a small neighborhood below k® to prevent productivity falls,
when the disaster point is uncertain the path of accumulation is no longer
constant but increases along generations starting well below k®; then falling
dramatically after this level is reached. Therefore, generations in between
ko and k® will receive more resources and utilities than generations after k®
is discovered.® Individuals clearly cannot provide for the climate change

100nviously, if after k® is discovered all the remaining generations keep the same en-
dowment and the capital threshold does not adversely ecect the ability of the ecosystem
to recover, only the generation which observes k® will suzer a welfare loss.

13



caused by their oaspring acting individually and, hence, ex-post the growth
path chosen by the previous generations turns out to be unsustainable.

4 Competitive equilibrium:the social individ-
ual

In the previous section we have modelled the behaviour of a representative
atomistic individual, that is, an individual who takes market variables as
given, including the aggregate stock of capital. In this section we wish to give
a dizerent characterization of individual behaviour. We now assume that
the representative young recognizes, when taking optimal saving decisions,
the possibility of infuencing the probability that the disaster point may be
reached in the second period. In our single-agent general-equilibrium frame-
work this sort of self-protecting behaviour implies assuming that the second
period’s expected utility is evaluated taking account that the capital stock
in period t+ 1 is just the amount saved by the young in period t:}! We may
call this agent a ’social individual, in the sense that he maximizes his own
utility but discounts the aggregate consequences of his choice, as if he were
applying the maxim: “suppose that everybody does what | am doing...”.
We think that this characterization of representative behaviour is, in at least
one respect, more consistent than the “atomistic” standard one. Combin-
ing competitive atomistic behaviour with the use of individual functions as
representative of the whole economy, as in current practice, is ambiguous
in that the individual’s decision variables (e.g. quantities) are at the same
time negligibly small” and are the actual variables on which the market
equilibrium values (e.g. prices) are computed.!? To put it in game-theoretic
terms, competitive behaviour is characterized by each agent taking the best
action of all the others as given. But if homogeneity of all agents is common
knowledge, it seems rational for each representative agent to take his own
best action as representative of all the others’. Therefore, the ..rst order
condition for a maximum now becomes:

1 For a general theory of self-protection in a general equilibrium framework see Lacont
(1980).

12This ambiguity is clear in our setup, where the representative individual chooses st
taking Pr(k® > ke+1jk® > Ky) as given, as if s; were negligible on aggregate capital, whereas
kt+]_ = St.

14



" -
u(ey) + 1 U(Crug) Pr(k® > sera jK® > &) + U Pr(k® - Seaq j K° >9t) (15)

where $y;1 = SUPg<s<t;1(Ss): Making use of (8), (4) and assumption 2, the
optimal saving decision is now given by:

u (Ct) = 1+ ra)u (Ct+1)

#
h(st+1)

H(St+1) _ 3
1iH®)

P H(S) | (o

U(Ceat) i Uo

Besides the usual equalization of marginal utilities across periods of time,
now the saving decision taken as of time t by the young has to be corrected for
the reduction in the second-period utility due to an increase in the disaster
probability induced by positive accumwation. This negative exect on utility
is measured by the term u(cl,;) i Uo , which is generally much less than
zero, on the r.h.s. of (16).

After applying the equilibrium condition, k¢+; = S; and making use of
assumptions 3 and 4, for increasing trajectories, we obtain:!3

#i1=%
1 20601 Hker) | h(Kee)
ket = IR0 kT ki 1I H(tkt)l 'T; Ifl(lkt)

for 0< %< 1:

(17)
Moreover, the steady state is lower than the one in the nonevent case:

#i1=3
%il % i 1 !
ks =1 j pit@ k=" il <k foro<u<i (18)

Continuing with the example of the previous section, Fig. 5 below shows
the accumulation function (17) for % = 0:8:

Fig:5 About here

1 Ya
31t is common practice to assume for the utility a functional form: u(c) = %1,

which implies that u(0) = i 53 3/ < 0: Inclusion of the term 1 is convenient as it entalls
that u(c) approaches to Iog(c) as % ¥ 1: While this term can be omitted as the agent’s
decision is invariant with respect to linear transformation of the utility function, this is not
the case for positive monotonic transformations like the one implied by the agent’s ability
to intuence the probability that a particular event will occur: u(cy) + pPr(c)u(ct, ;).
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The increase in the disaster probability induced by positive accumula-
tion reinforces the redistribution of consumption favouring the ..rst period,
further reducing the pro..tability of accumulation and hence the economy’s
speed towards the disaster point. Intergenerational altruism, then, occurs
through this under-saving result. Speci..cally, ifks < k® < K no collapse will
occur, and the optimal consumption and capital accumulation converge to a
sustainable steady state which guarantees a welfare equity between genera-
tions. However, if k® < kS; as accumulation increases along generations much
more slowly than the atomistic case, “future-oriented” behaviour is able to
postpone the catastrophe further (even though it cannot be eliminated com-

pletely).

Finally, as long as up = j L with % _ 1; we get:

kKewpy =07 for % _ 1 (19)

The crucial assumption used to obtain this result is that the utility of
zero consumption equals minus in..nity.}* As any distribution policy leads,
with a positive probability, to zero consumption in the second period, an
individual who anticipates the infuence of his own saving decision on the
probability of disaster is induced to consume the entire endowment during
his youth. The agent simply assumes the worst event with certainty in the
second period and optimizes against this cautious” deterministic problem.
Hence, consumption is not random.*®

5 Final remarks

Climate changes are paradigmatic of long-term, uncertain, negative exter-
nalities of current economic activity on future generations’ welfare. In this
paper we have addressed this issue in its most dramatic form, where capital
accumulation raises temperature, which in turn exerts a negative ecect on

In a representative agent model this assumption may be justi..ed on the equivalence
between zero consumption and non-survival or on the bases of an extreme fear of being
left with no resources in old age.

1SUnder the assumption that the utility of zero consumption is j 1; Nyarko and Olson
(1996), in a one-good stochastic model with unobservable resource stock, show that the
optimal policy follows a completely deterministic ”cautious” or ”minimax” behavior that
assumes the worst in each period and optimizes against it. However, they ..nd that with
unobservable resources a form of over-saving occurs.
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productivity, and overlapping generations of self-interested individuals de-
termine the growth path of the economy under uncertainty about the level
of capital k® beyond which productivity collapses (structural uncertainty).
We have stressed that in this setup intergenerational equity may be a moral
imperative which however cannot be made compelling since the individuals
in each generation do not have a clear understanding of the consequences of
their actions. Leaving a benevolent and almighty social planner aside, are
there in-built economic mechanisms that can alleviate the threat on future
generations?

Our answer hinges on the role of structural uncertainty. Were k® known
with certainty, each generation would ..nd it optimal to keep the capital
stock constant in a small neighbourhood below k". Structural uncertainty
about k" has two ewects: i) at the individual level, each generation of youngs
discounts the probability of productivity collapse occurring in their own old
age (destroying their lifetime savings), so that they consume more and save
less; ii) at the economy level, the accumulation path is no longer constant but
increasing towards k° from below. Unless the steady state is reached below k*,
this accumulation mechanism cannot prevent some future generations from
being hurt by the productivity loss. Our ..rst conclusion is that structural
uncertainty, combined with generational self-interest, plays an ambiguous
role: on the one hand, it may set the economy on a harmful path for future
generations, on the other hand it decelerates the accumulation rate.

We have pointed out this latter ecect of structural uncertainty by com-
paring a standard competitive setup, where the representative individual
chooses optimally by observing the market equilibrium value of the real in-
terest rate and updating the probability of productivity collapse implied by
the new capital stock, and one where each individual is, in a sense, aware
of being representative, and hence knows that saving increases social capital
and the probability of productivity collapse. We think that this characteri-
zation of individual ”’social” behaviour may be regarded as consistent with
the assumption of the representative agent (the standard atomistic” char-
acterization entailing a loss of awareness of the fact that everyone is doing
what | am doing”). In fact , our characterization leads to a dicerent result
which enhances the ”slowdown” egect of structural uncertainty in two ways:
i) the accumulation path is fatter than in the “atomistic” setup, and ii) the
steady state is at a lower capital stock. Consequently, our second conclusion
is that individual awareness of ”’social” behaviour may still be insu¢cient to
rescue future generations from productivity collapse, but reduces the speed

17



at which the economy approaches the collapse point (enlarging the number
of generations which enjoy positive productivity) and make it less likely.
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Figure 2: Production Function
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Figure 3: Dynamic path of capital with % = 0:8, kK = : 44896
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Figure 4: Dynamic path of capital with % = 1;8, k = :52674
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Figure 5: Dynamic path of capital with % = 0:8; ks = :35339
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