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Global Environmental Risks

Graciela Chichilnisky and G{?c}ffrcy Heal

anaging climate rish is not @ new acuvity o medieval England, o
peasant farmer’s land was broken inte many widelv-dispersed parcels.
Economic nstorians inerprer this as a way of hedging cimace risk
isee references in Bromley, 1992}, Land in different locations would be aflecied
differently by drovghts, Aoods and froass By spreading land holdings over
different Jocations, as well ac by arganizing agricultural cooperatves and
buying insurance, farmers have managed climate risk for many cemunes.
Today's concerns about global ciimate change bresk new ground m o
ways. (ne is the global scope of the polential changes considered. such as
changes in the atmasphere ol the plane. The second is that these changes
appear w be drven by hamin activity, which has now reached levels at which n
can affect the glohal climate. Climate has always been unprediciable, o the
inclusion of these two new elements has extended this uncerainey both quabia
tvely and quanuanvely. Classical formulations of uncertamey in econonmuds o
longer suffice. There is uncertainty about basic soennfic relationships, such as
the link between gaseous emissions and global mean temperaiure. There s also
uncertaimy about the connection between global mean wmperature and chi-
mate. Clearly 1t s climate, a variable encompassing wind patrerns, humodiny
and ramn patterns, and not just temperaiure, thai matiers from a socio-
ceonomic perspective. The loods of 19943 in the Unned States and Bangladesh
have reminded us of the profound voloerability of human settlement tw
climate. Climawlogists nk these o El Nifo, the ocean current off the coas of
Chile, confirming the global linkages within the earth’s climate system. Future
emissions of greenhouse gases and furore chimate are also highly uncertin. in
addinion, these emissions can be drven by ecomomic acrivity and by policy
measures: hence the risks faced are endogenous
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There are two standard wavs in which socienes can respond 1o the ¢
associated with such wncertaine Lhoe was B Hulgmbion The otheer s reani
We can think of them as broadh equivalent o prevention and core respecy
i the medical beld

Mingation means taking measures 1o reduce the possible damage One
of doing this i 1o take steps that minimize the danage il the harmful e
ocrurs. Building levees, canals and oo drainage sestems o reduce fhe nng
of Hood waters 15 an example. An allernatve approscl 1o mitigation 1
veduce the imciclence of horminl events, Of course, 1f steps ave taben o red
the risk af climate change, then the risks become endogenons, deterninec
our pohics measares. This contrsts with mosi mocels ol resource-alloca
under wnceraingy. in which probahilivies are alwow acas ol nature and
therefore exogenous.' The prohabilities ol sttes inoan Arrow- Debrew fra
work mav be subjective and an agent’s subjective probubilivies may be alie
by learnimg, However the actual frequency ol indidence of harmful ew
cannal be aliered by agents: there is no scope for mnigation in the secand s
of mnproving odeds. The same 1 true in the classical models ol nsurance fsee
erarnple Sabmvand, 1979 19795, where the imewence of harmiul even
again taken 1o he exogenous Mitigation acquires i new mcaning when risks
endogenous,

[nsirance by contrast does nothing w reduce the chances of damage
to climate change. 11 onlv arranges for those who are adversely aflecie
receive compensation after the event. as o the case of federal disasier rehel
U5, flood vicumes. Insurance @4 major economic activiry, involving boch
wsurance industry and lurge parts of the secunies indusiey. Cun the exis
and very exiensive private secior organmzauons provide those at rsk
chmate change with adequate mswance cover? I not, why notz What cha
in marker institutions might be appropriate in this case?

Thus paper 15 about these and related guestons. T anempting w ans
them, we deal with many diflerent aspects of the theory of risk-beaning.
key issues recur 10 our analysis.

The first issue concerns the difficulty in assessing visks. Most chim
rebuted risks are difficult wo guantifv. Indeed, i classical statisical sense
prababihines describing them are unknowahle, We may never be able o obs
enough experiments 1o approximate the prreslaatiliny of global climare chang
the relutive frequency sense; such events are mherently unique. 11 s ossibil
evaluate the frequency of occurrence of o healih risk from marhidity
mortality data, as the outcomes of repeated experiments are available How
we cannot evaluate the risks tom G0, emissions in this way.”

Dhorre 119740 se1 ann s frasmework Bor endhiperons e Lanty . e cutly this bas becn an
field. cge. Rowrs LI, Gornhicomiing 14500 Chichilmsky and Wo CIUTL Clnclabsky o s
Hoaal LR 4 fuchilnisks D152 Chuchilnsky. Halm aped ieal (144921

“la thus respect there may e a il ence Detweein e variiue aspects of climaee nsh Th
dats one the pelation beween atmesphenn GO and cmiae irom ree ring and e
alile.

buistn

wintdies Walt ssone dopletinn e plenenon mosoones i socl dana s nas



Graewels Chaclibasky and Geoffrey Heal 87

The second issue 15 endogenity of risks. The risks thal we face are affecied
by our actions.*

The thurd ssue is correlavon of risks, Climate changes will alect large
numbers of prople in the same way. A nise in sea level, for example, will affea
low-level coastal communinies in most countries. Insurance in the tradiional
sense of nisk-pooling works hest for large numbers of small stansically indepen-
dent risks, We thus have 1w ask what types of murkets work best when risky ave
connecied and collective.

Lereversibiiny oy the final ssue. In this area, many major economic dec
sions and their consequences are likely o be wrreversinle. Climare changes, the
meling of we caps, deseruficanon, speoes exuncion, are all processes ool
reversible, or at least not on relevant tme scales

In summary, we are dexhog wab oisks that are ool arderstood, endoge-
nows, collecove and oreverieble. Lo pobicy werms, the nawwre and exient ol
uncertaingy abow global climate change implies that sociery’s posian will be
domimated bv iwo guesuons: What cost 15 11 worth mournng to reduce the
poorly-undersiood risk of dimate change. or waimprove our understanding of
the msk? How may existing social istimutions. such as msurance contracts and
securities markers, be used e provide the most efhaient allocanon of 1the sks
associsted with global climare change®

Risk-Allocation in a General Equilibrium Framework

Econamists have twe standard models of resk-aliocation m g marker econ-
umy. The mare gencral 1s that of Arrow and Debreu, in which agencs wrade
“connngent commadities.” The alternanive is the mode] of insurance via risk-
pooling in large populanons, Neither case addresses the wsue of mingauen via
a reducuon m the incidence of harmful evens

In the Arrow-Debreu framework there is a set of exogenous "states of
narure” whose values are random and represent the sources of uncertainey.
Classically one thinks of events such as earthquakes and mewor strikes, Apents
m the economy are allowed 1o irade commodities conungen on the values of
these exogenous variables. These are called “stale-contingent commodities.” As
examples. think of “water in a drooght” aml “waer inoa fosd” With 4
complete set of markets for state-conungent commodings, the st theosrem of
welfare economics holds for economies under uncertainry: a Pareto elflcient

allecation of resources can be attained by a competitive economy with uncer-
tanty about exogenous varahles.

*Endogeneiy of rsks beads 1o moral hazard when nsks 10 agenis depend on thesr agioms, whach
rannol be observed by dhe insorers ancd will b influenced by the insurance offered. This leads
arguments [or coinsurance (see for example Suglee, 19830 To ihe present comest such maoral
hazard problems are no central b the analysis asymmoetne inlormation s oo s charieosie of
chmate risks. Endogenous uncertamiy i more general than marcal hagard
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Arrow (19530 showed tha efhoency canome ol be attained by using
wistre of securities markets anid purkers for nen-contiment comnmiitics, s
that a complete set ol contingen compodity markers 15 not requiredd. Thi
ahservanon provides a natiral and important role for securiies markets n th
alocation of risk-bearing. The securities used are contracis that pay one wni i
and only i a particular state occurs. While the contingent conlract approach i
in prinaple all-inclusive and covers st concetvable cases of unceramey, i
practical levms there are cases where it can he impeossible w implement. Tt ca
be very demanding i ters of the number of markets required (Chichilnisk
and Heal, 19923 For example, if agents face individual nisk (e, risks whaos
probabilites vary from indvidual o mdividual), then inoa popualanon of 10
similar agents each of wham faces twao pussible stares, the number of marke
required would be 2" The number of markets vequired is 0 large as 10 mak
thie conmmzent contract approach unrealisuc

The use of insurance markets for poaling risks is a less general bt men
pracrical aliernaove. This requires that populatms be karge and thay the Tist
be small. similar and swatstcally mdependent. The law of large numbers the
uperates and the fregquency of securrence af an msured event in 4 large samp
of agents approximates its macdence 1 the population as a whole, There s thy
a role fur insurance companies lo acl s intermediaries anc pool furpe numbe
of similar Lot stansucally independent risks. In s doing they are able v
aggregation and the use of the law af lurge numbers w oeutralize the nsl
faced by many sinilar agents. The main relerences on this are Arrow and L
{1070 and Malinvaud $1972, 1973).

The insurance approach is at a disadvanuage when risks are correlale
When large numbers are likely 1o be affecied at once, risk-pooling will n
work, However it does have the advantage relatve w the contingent mark
approach of economizng dramaucally on the number of markets needed.
the above example, onky 1wo mutual insurance contracts and 2B0Y securin
would be needed instead of 2'™ contingem contracts (Chichilnasky and He
492 Cass, Chiclobmsky and W, 194910

When risks are allocared by rrading  statc-conungent SECNTILES, (]
risk-poohng and insurance, i o wery mmpriand thal agets kvow, o helrerse ghat o
ki, the velatme freguencies of the states af natuve, ol Jrast apipracenatedy . This
olwious when trading insurance contracts. The aeruarial caleulations necded
set mmsurance premia can only be performed 1t the partes believe that 1
relative treguencies ol the insured cvents are approximately, known.

I the Arrow—Debreu approach, it suffices 1o thiuh of agens maximizi
expected utiliny w appreciate the need for them to konow, or ar least hehave a
they know, the relative requencies of exapgenous stwes. These frequenaes
the weights placed on thewr wilities from stte-dependent consumption. T
point 1s simple: i agents cannot assign relative frequencies then their pret
crces are nol well-defined and they cannon act o masimize expected utiliy.

I the context of cimare change this may be oo demanding. Agents das
know the trequencies of different stales, and revognize that they da not ko
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them. They recognize that there are several different opimons about whar these
are, but feel unable 10 choose defunuvely between these aleernauves. 14 they
were expeced utibny maximzers, they would be wncertam

wil thewr own
preferences. In such a case, 1t s natural to tdunk of the Frequency drsiribution
over climate chanpes as 4 state of the world, a risk, in |hf>_ Savage sense: we do
nat know what value 0 will assume, and whatever value this s, i allects
economic activity. As shown Lelow, sgnorance then assumes the role of o
collective misk, and can be weated by the use of state-contingent markets, One
sumetimes thinks of uncertamiy about probabilioes being resolved by learning.
This 15 an avenue which 15 not open when scicntiine knowledge is incomplete
and experiments are not possible. In this case an alternative approach s the
opening of new markers {Chiclilnisky and Heal, 1992, and the discussio
behowe ).

I sumee: the Arrow-Lichreu approach 1o risk allocation via STAlE-CunLLEenL
markets 15 primciple wnversally applicable However, it is combersorae and

perhaps unrealsic in the case of risks with imdividual components. |nsurance
markets are mwre manggeable, bu leave uncovered collective or correlated
risks such as the risk induced by spnorance of the oue frequency distribution of
harmful events. S50 it would be natoral 1o allow agens w wade secunides
conurgent on such collecuve risks, and cover the indiadial compuonents of
risks by mutual insurance conrracts This s preasely the approach that we
develop below. Although new 1o the econmmics lierature, it is by no means pew
In pracuce; we argue below that some of the aldest risk-bearing msnourions
recorded, agricultural cooperatves, have exacly this soructure,

Ignorance as Collective Risk

Consider an economy in winch agents face risks whose relative frequencies
they know that they cannot evaluate. Such risks could derive trom the impaci of
global climate change on ncome levels via floods, storms or droughts, or from
the eflects on health of veone depletion, acid ran, or e pollution. What
market structure would suffice 1o assure ethcient allocations in this silwation -
There are widely differing opumons abour these mnpacts, on which there s
imadequate intormauon,

Chichilmisky and Heal (13492) formalize this type of snuaion in a general
equilibrium model. Each agent faces the risk of bewng in ane of several stares
{e.g. healthy or sick, productive or unproductive). No one knows whart will be
the true frequency distribunon of alected agents. A probability 15 assigned w
each possible frequency. A typical probability distribution of this type mighe
state for example that there is o 10 percent chance that 90 pereent of the
populanon will e harmed by global warming, a 23 percent chance that 50
percent of the populaton will be hartned, and so on. The probability diseribu-
tion over alternative frequency destriburions may be different from imdividual wo

mdividual.
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In tus ramework, we have two levels of uneertainte. The Qs level o
uncertainty 15 collective: what is the distnburion of agents who are harmed n
the economyv: Will 90 percemt be harmed, or only 30 percens® This is o
question about the aggregare ncidence of the phenamenon aver the popula-
ton a5 @ whole, The secand Tevel of uncerainey s miividual: 0 uncerainty
about whether a given agent is harmed or noc by clintae change_ L1 devolves
aboul gquestions such as. given thar 90 percent of the pupulation will T
harmed. will a partcular agent be harmed or notr

In our examples of the impact of the depleton of the ceene laver
cancer o the impact of chimate change on agrcalinral productivity, the 1we
levels of uncerainty are: first, uncertaingy about the e relacionshnp betweer
azone depletion and the inenlence of individual discase in the population as .
whole, ar about the wrue refauonship between climate change and agricuburi
proffuctiviy; and secomdly, uncertunty abit whether any given persai o

community will be alfecred.

Our agnorance of soentihic processes (hke 1he relation betwesn odom
depletian and skin cancer or between GO, emission and climaie change) cause
the rallecuve misk, by which we mean the uncertamty abour the rebanw
frequency of harmed agems i the populatian. Eoncertaingy ahoue this Tre
quency 1s central to the problem. When this is resolved we will soll nor kno
who 15 damaged and who 1s not, but we will at beast konow the frequenc
describing this. Once frequencies are knowrn, actuarial calculagons can b
conducted and the problem is insurable.

We propose an nstirutional siraciure which wscs two rypes af hnanci
mstruments which are tailored 1o these two aspects ol the problem. These ca
lead 1o eflicient allocation in the face of surh risks. We lollow a framewor
estabilished by Cass, Chichilnisky and Wu (1991} and Cluchilnisky and He
(1992)

CIne Instrument is o sl msurande condract 1o deal with the nisks faced b
agents o communities contingent on each possible distribunon of hurmb
effecrs worldwide. A murual insurance CONace 15 an Agreement belween parti
subgect 1o similar risks thar those who are harmed will be compensated by Ll
arhers. Examples are agricultural cooperatives of the type recorded in kurop
at least since the fifieenth centuey, and the nmeeenth century Uk, worket
associations and friendly sonetics. These mvolved agrecments herween i grou
ol workers that if one were sick and unable o work, that worker wonbd 1
compensated by the athers who were not harmed |n the present context. af
could think of groups of communities subject 1o the possible impact of clima
chanpe, with those unharmed compensatng the others. Making the lerms
cuch o mutuzl insurance contract contingent on the distibution of harmi
effeers worldwide means thar there 15 a different compensatun agresme
between the parties for each possible aggregate distribution of harmful cffec
To know what compensaton is due in any parieular case, the parties have fur
o wssess the disteibution of harmiul effects globally, and on the bases of
decicde which mutual insurance contract e apply.
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Having deall with indiidual visks by muual msurance, we sull face
collective risks. We need Amow secwnties w0 deal with these collecuve risks
induced by uncerrainty about the overall distribution of adverse elfects, Arromw
securities are usually defined as securities thal pay sne dollar if and only il &
particular state of the world occurs. Here they pav one dollar if and only if
there 15 & particular frequency of alfecied parues in the population. As alreads
noted, the inciderce of impacts o the populaion as a whole is hewny treared as
a “state of the world” in the Arrow-Dehrea sense We trem each possibibe
distribution of adverse affects as a disone calleciive state, and use securies
markets w0 enable partics wo ransfer wealth berween these siaes. One Arow
secumty s needed for each possible dstnbunon of adverse efiects warldwide,
because 1o atiain Pareto effwiency each separate state must be covered by a
SECUTIY

The following exwnple will help 1w make this fanework concrele Cone
sider & world of twe countries 1 oand 2, in which the climae mias b cne of
two siates @ or B There are two possible probabiline distributions over these
two climate states. These distribitions are called 4 and 8, with distribugon 4
giving a probability of (1] w0 climate state a and 2 probability of 0.4 1o cimale
state £ Dusiribution 8 gives the reverse probabilinies. ie, it gives prooabilin,
4 o climare state a and probalibity 0.1 to limate staie 5 The endowments of
the two countries depend on the climaie state, and are as follows; wfa) s
country 1's endowment vector if the climate 15 in site &, and w. el 15 the
correspanding endowment for couniry 20 Sinlarty, endowments in dimaie
state f are given by w (B and wy(B) respecively. Endowments satish w (o) >
wala) and w(B) < w(B), so that country 1 is relavely betrer off 1 state & and
country 2 m ostake g

To reach an efficient allucation of risks we need two Arrow securities, Une,
54, pays §1 million if and onby if the probability distribution aver staies of the
chmare is 4. The other, 5,, pays 1 million i and only it the probabiluy
distribution ever states of the climate 15 & In practice of course. probabiling
disinbutions are nol observable, ad we cannot condition contracts an unoh-
servable events. So conditioning un a probabilicy distribution means conditior-
ing on frequency disirbutions consistent with tha probabibty diswribooon in a
sampling sense.

Countries can spread the risk arising from no knowang which 1s the true
disiribution over states of the climate by trading these wwe secunues In
addion they make mutual insurance conwracs condivonal on wates of the
climate. Such a contract could ke the following fnem, [f the distribution over
chmate states is A {diswibution 4 gives probabiliy 0.1 1o elimate seee o« and
probability 0.9 10 climate state 8) then country L omakes a transfer A L oo
country 2 if the state of the climate is a, and country £ makes a transter A2 | 1o
country 1 if the climate siate is B These wransfers satisty (L1A%, + 0945 - 0
see thar the expected wansfer 15 zero and the mutual insurance contract is
actuarially farr, There would be a similar contract o cover the case when the
cistmbunion over climate siares 15 5.
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Fooosumsnarize the arpument; Cure opgnorance of the frequency ol the
pnpacts ol clime change constitnies 4 codleriive risk. This collecuiive visk can be
allocared through markers for securnes thar pay ofl comingent on that fre
quency . For the inediadual rsks thar remain, ivis wore practical (o wse mutal
insurance comracts: this s done by having a dilerent mdividual insurance
contract for encl possible frequency of imparts

Therve are vwo features of the results which are nl—grnﬂ':J milerest. One s
the developinent ol 2 framework for achieving effwient allocauons i the face of
unceriain individual risks Civen rapid changes in echnology with potennally
Can -rese Iinge envirommental impacts and health eflecis, the prablem of provid-
ingr insurance arainst such risks is paroealarly imporang Boas o omareer of very
active condern i the insutance mdustey. The second imeresting Teavure s the
wat a comhinacon of securties marckers and msurance markers can be used w
provide o vefanvely sinpde msonuonal siencoore for dealing with unknowable
"and correlated risks.

An Institutional Framework

O amalvsis suggests thar although the nisks assocaed wob global chimae
change are very difhoul wo evilioie, theve s nevertheless a marker framework
within which msurance can be provided. B involves first identifving the sel of
possibile descriptions of (the collective risks. MNatoral deseriptions of risk are
frequencies of occurrence ol chmate-relaed events such as floods, wapical
SLOTINS af Cerfain EmperdiuTe Panerns.

:\!EK'I_ Lh}j j'l'i,l_'l'ﬂt_"\‘-'\',]rL i[l'ﬂ.‘(!‘l\'t"‘- ||]||I|-l:=l|| iflg SEC 10 i.i i.ﬁﬁ H'hi]sl‘ F'.IZI\IDHS dEPenf!
on which deseripuon of the msk s correct. This amounts o allowing agents
bet on wihneh model ol thie nsk s carrecr. Berting on which of several alternaive
descriptions of the way the workd warks is correct, s in eftect what one does
when choosing one research steategy over another. Corporations, individuals
and governments all do this regularly. For example, a markes for the securines
of highaechonology firms pursuing different research strategies wwards the
same poal is o hnancial marke! i whoch these bets are made. An addinanal
example s prowvided by the Chicago Board ol Trade, whach s the process of
mtroducing securies called Vcatastroplie futures™ whose payvols depend inter
alia v the incidence of ropueal storms i the Dimiced Staes, as measured by the

Insurance Service Organization’s ingde
mmstrments aninallh proposcd in Chichilnisky and Heal (1092)
Finallv, our appraach invalves establishing compensatiion agreements he-

pween harmed and unharmed regons that depend on which description af the

Phas 15 o parocular example of the

|'|li,i§ TUTTES L0l Loy I‘I(‘ COFreet Mutual msurance conlracls ol III.I.I1.II;J.| L-L"ﬂlpcrlsik'
tot agreements are already part of our insitutional framework In fact, thes
ilate hack 1o the nincteenth century and beyond, and were the foundations of
rant current msuraiee companies and mrade unions. Consider o example
agricubltnral cooperanives, probably the oldest nisk-allocaton mskitutions in the
world T fact, one of the lirgest bunks in laly, the Monte dei Paschy di Siena,
s fonnnded to pliy this role in 1473 They have insured agamst weather miske
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since then, and have provided muotaal mserance contracts for then members,
i that they have arranged translers Trom Uie bess 1o the more fomuneee nam
given seasun, the size of the teansfer depending on the averadl level of prosper-
iy, They also hedge against the overall frequency of poor crap vields o then
commuunity by building up reserves 1o carry over from good o bad vears. 5o
they have actually fulflicd both of the imsurince funcoons  outhned
above —making transiers between agents contngent on the overall incidence ol
ntgﬂf_!\l’{' eV, '.l'FIl'_] H"H“'i'l'lg n 'IIII"I:II.iIIII.‘iI"I. lin |iil||.‘\i‘i‘!f'|lll_‘, 'rh'i“i.lhl] ]“‘|Wt‘¢'_‘]|
states in b sense of high or low cverall modences of negatve events methe
!:-uj‘n!i:alinn.

Trading Risks

Anoanteresong aspect of the markers pusd desonbied s than they can preosade
a ratural mechanism for recanciling diflerences in assessments of the Gikehhood
of important chmate changes between coupives e B tesing the convicion
betind publichv-stared posioons

Suppose for example the Lnied Suares believes i mast likeby that there will
he dirtie climate change, and the European Communiny believes otherwise
Then through the market lor securities whose pavolts depend on which
dt:‘_i:_'r:i}l:;i:‘m uf chrmate clianpge 1% corve, the Unied Staes will ansally sell
insurance o ihe E.C. The Unieed States would wish o be s seller of
which puy i climate change is serions, becavse ol us hebiel b tos event will

SeLTinies

not oceur, and a buyer of securiies that pay ol s oot because ol s bebiel tha
this will be the owcoms. The B0 would be oo the opposite sides of these
markets,

Irernational markets for the rvisks of climate change would also provide an
objective test of the seriousness with which countmes swdhere 1o chen pabhicly
professed positions on the risk of cimate change. 1o [roessilibe thian o country
might publicly profess to # lack of concern abenr the vishs of climarte « h-.mge. I
spite of actually being concerned abom these risks, in order 1o tree ride on GO,
abarement policies introduced by others. These ssues are discussed i deail in
Heal (19931 and the references cited there, The sxisence of markers for the
risks of cimate change would place such & caunry o dilemma. The country’s
true beliefs would incline 1o sell securities paving off in the evemt of chimate
change nor being serious, anel by those

ng all i w serons Consisieney
with its public positiens would require that it be on exactly the opposine sides of
these markets. There would therefore be a cash cos) w convindng and consis
tent misrepresentition of troe heliefs These cash costs could ollset some of the
imcentive to frec ride on other couneries’ cflores w oreduee greenhonse
ETnissions

Mote that veading resks s differens from the tcadog ol emission permits, as
discussed in the arcicles by Poterba and Weyvanoin tlis volume, The recogiiiem
Ilr |J||f‘t‘|'|'.r'l.ll'||"!' !illggf‘;il‘_—i lllL‘ ||i_‘f_‘[‘i (&) L'illl';lilt‘r sShonle-i flllll[lf_{f_'"l t"flli.‘\..\lﬁll'l Plf"] Ir]||h,

"Tlle-':.' absee suppiried] parn of ths rescarshoand |||||-.H|4'u Arcess p Dher Teviiniks
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where the state s delmed moerns of the Trequency of clonae-chiange reluied
CVCTILA, Pc]’ll]]l‘i Tk eEril {(}.' 'NEII]]" t"lll l.":]'.il.l'll;'.lh' ]'Jl‘. L‘[JI'I[i]'IgC’[H or |Ilf IIIL.H;]L":III.I:
ol indicators of clinate chaonge. Such contingent enussion perots could play
the rale of secunnes whose payolls depend on the collecnve risk.

In ahe context of emission permits, it is worth nating the public good
nature of the chimate. Chimate oo pubhic good. However it does oot i Tully the
canventmal paradigm because emission abatcment, which is the praducnon of
the public good “uwnchanged climate,” s conducted independently n the
various countries of the world. To s mon produced i s cenral production
facility, as assumed nothe wswal tearments of pubbc goods: s 3 provaely
produced pubhc good. A consequence is that coonomic chhciency will only
nnply equaliziion of the marginal coses of cimssion abalement across councres
i lump-sum wransiers between countries arc made 0 equalize the marginal
utilivy of incoame in all countries, a somewhat unbikely contingency, Equabhzaton
of the marginal costs of emissiom abatement across countres is ofien whken as
jusnficatian of the superinrity of tradeable permits as 2 method for conrolling
emissions. This poing is developed in Chichilmsky (14930 and Chichilmsky and
Heal (193], More generally, o ke mssue s that an elflicient allocavon ol w pubhc
"El'-y,v:li’_l al,!l'_'h Lk LI[K_'|"I'-|I!H(;'T| If‘]irl'l.Hlff [ANRFEAS hl‘." ﬁllr’][]l.‘?l"[ell. h\ i l.illfiahl t‘i]l]iiil:llll““
and not a compettve equilibrivm. In general competitive markets for wade-
ahle emission permits may net decemtrabies Parew efhoent allocavons of
ahirement

Optimal Allocation with Endogenous Risks

What 1 10 worth spending o reduce the probability of barmbul climate
change® Only af we can answer this question tan we judge properly proposals
for carbon axes, allernauve energy strateges, and CO-reducuon proiocols.
'I:,..'.lT't'I.I,]I .Il]ﬂllg“lt_‘]]l s L'I'Il{'iil], £k .dll 1!'- l'hr:‘.'Sf' ill'\'(.ll\'l‘.' Vel'}' runiiflErahlt: I:‘[IS'SI s
imcheuted by Wevant's paper i this sympasium, Cline {19920 and others. Here
we shali summarize one approach 1o this problem. based on Heal (1984, 199401
This is & model that examines the exwent w which the consumption of foss)
fuels should be curtailed because nomereases the prababduy of @ change o
chmate Ihe melel in Heal {1954 15 based on three assumptions Firse, the
atmisphere may be in one of two states, one favorable w economic activity and
ane unfavorable (there 15 & possibility of & future climate catastrophe), Secondiy,
the armosphere moves  stochastically  from the favorable  stae o the
unfavorable, and once there remains there forever, so that atmospheric change
1 rreversible. Finally, the probabiline of a cransimon fram the tavorahie 1o the
ILIIJ.'.I.'I.IQI'AIJ]L' STaly .ls (_‘I'll'_il:}g\'_'nl'_'l'l_l} d“!’_l 1T T ASES '.1-'i1|'|. [Ilf' I‘t"f'fl lI‘F {Hn'lilli"i'r'l"
emissions from the use of fossl fuels. The probabilicy that this change will
defimnely ocour at some dare s less than one. so there s a posiive probability of
the chiange never accaning,
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Fossil Tuels, capnal equipment and the aimosphere are nsed o produce
output, which may be consumed ur reinvested o augment the capital stock,
Production generates emissions, which affect the probabiliey ol a change i the
state of the atmosphere. The aimosphere w o resource that enters o the
tf(_ljl]ﬁm}'ls I]E't_]i']l.l.l:! i.fJII rl]l]['[iﬁ][l_ “'hil},']l Iy |H.' Il & r’d.‘rfll'ilhli.: 0r an I]nf‘;ﬂ'r'f.llﬂb]f
state. bronally the armosphere is inothe favorable st bul may chunge stochaso-
cally to the unfavorable state, and once i this state wall reman there forever.
The source af enussions which afiects the probabilny of chmate change s the
use of an exhauwstible resource in production. The remaning inpuat 1o produc
v s the capital siock, An obwvious example of thas sirocware is the emission of
0, by the use of fossil fuels.

Consumpnoen vields udilny and the obpeouve 15w masimze the expeaed
present dicounted wcibivy of consumpuon. There s o canstrmm on the ol
amount of the resource that can be used, as thos s exhaustible: there 15 also a

nanonsl income identity. The overall problem solved involves maximizng
expecied wiliny subject w the resource wnd nauonal iwcome canstramis, where
the expeciation is over the process govermng chmaste Canpe.

Fleal (1984 ) characierioes opind paths of consunmplion, capital acoumuola-
von and use of fassil fuel for dus problem. He compares Uhese withe those that
are aptimal in the absence of an atmosphenic mpact, and also studies the
impact of changes i paramelers such as the discount race and degree of risk
aversion and uses thes toosolate the key paramerers in determiming the optimal
rate of wse of fossil fuels. The inroduction of atmosphenc impact makes a
jundamental difference. The nme profile of resorce use which emerges
Hatser than thar which emerges from an opumal depletion problem with no
atrnospheric impact, Inirtal levels of resource use are lower, and they Gl more
showly. than i the no-anmospheric-impace case, The dilference depends onihe
degree of risk aversion and on the parameiers of the probabibry disribunen
relating cumulanive emassion o climawe change.

The hehavior of the shadow price of the resouree 15 also of interest. In rhe
pure depletion case this price rises at the vate of discount i Heal (1984) 1t may
fall and even become negative. We can mterpret the difference between the
shadow price of the resource in the no-aunospherc-mmpact case and the
current case @i an optimal carbon k., This s depends on the counery’s
degree of risk aversion and an the paramerers of the probabiliny distribution
describing the nsk of climaie chanpe as a funcion of carbon ennssions, as well
as on the damage resulring from climate change, The model thos leads woa
distincrive approach w characierizing an optimal carbon tax and ns evadunen
over dme. Because 1t s oan  ntertemporal  model, 1o provides  ihis
characterizanon in tevms of the mternalizanon of probabilisbc inergenerational
externalities. Hartwick (1992) pives an analyss of carbon laxes using this
framewnork.

The likelihood of chiate change ax o luncoon of economic acnvity is a key
relationship in evaluating the chowes posed in this model. This is a functonal
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relatonship rather than a parameter. Global change ReD leads us 1o a bener
nnderstanding ol this relationship. [Uis worth stressing that proper economic
analysis regquires not pust the likelihood of climare change as a result of ane
particular enission scenario, which is whar most scientifc analyses are provid-
mg, b rather o systemane evaluation of how the nature and likelihood of
chmate change vanes with the partern of cconomic activity. The study and
characterization of this likelibhood funcnan s anompartant opie foe orerdiso-
Py rescarch.

[t s not surprising thar what it is worth paving to reduoce Uhe risk of climare
change depends inter alia on a socety's degree of nsk aversion and discount
rate. However, this has an ineeresung and important unplication. Even if there
were complete agreement about all of the scientific aspects of the global change
problem, there could sll be disagreement aboul policy responses. Hecause of
ithe internatonal externalities associared with climate, so thar all councries
“conswme” the same cimae, CO, abatement policies only mske sense if
coordinated imernauonally (Poterha’s paper m Uns symposium; Bareerr, 1999,
Carrare and Smescalco, 1991, Heal, 199%0)

The fact thar different counimes need not agree on pobcy choices even if
they agree on the scientific evaluarion of the problem could clearly make such
agreement difficult o obuain. Different conntres’ posiuons with respect 10
measures o resteicl greenhouse gas emissions depend on their discount rares
and degrees of risk aversion. The United Stnes, for example, has been against
global abatement agreements, while Germany has been in favor. This fits wih
the conventiona! wisdom that the financial and industrial community in the
United States has both @ higher discouns rate and a lower degree of rish
aversion [greater willingness 1o ke risks) than thar w Germany. The differ-
ences in policy positons could then be awribuied w dilferences in preferences
rather thun, or in addition 10, different interpretations of the current scieniiic
eviilence.

Diffevent percepuons of the risk involved do not however preclude efi-
cient solutions. Economics s alwan differences in preferences leading o trade.
In 1hus case differences in awitndes wwards risk could be grounds for the
intrewduction of markes i owhich different risk positions are traded, with
ethoiency gains, as dscussed carlier

Option Values and Frreversibility

In vahumg emvironmental resources such as current climae conditions,
hnudivcrsil‘_., or complex emlf:gir.ai svarems, the irreversibility of decisions and
events can be central. A key aspect of these resources is than ance altered they
cannat easily be restored o their current condinons, at least on a relevant
umescale. The denision not 1o preserve a rich reservoir of biodiversity such as
the 60 million-vear-old Korup forest in Nigeria is irreversible. The alieration or
destruction of 4 unique asset of this 1ype hias an awesome finaluy, and analysts
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have soupht o capture this inoa framework Lor cosr-henefic analysis. This hias
led o the cancepl of "aption value " preserving a uNIGuE dssel in s present
stare allows ws the possibahty of changing our minds later Alsering it irre-
versibly does not Preserving it has thus o be credied with an “option selue”
because it keeps open the opion af reconsidering the decision.

A concepl relded w o opuon value is that of noo-use value or exisienoe
value, We mayv value environmental goods for which we liave no comediae
econamc wse. The existence of certain speacs is o this calepory the Califor
nian condor, the spoited owl. and various snails and Hsh come 10 mind. There
s ona sense in owhich we cun currently use chese species possibly ane could
argue thal the condor and the awl have consumpuon value for those willing Lo
make 1the efort needed 1o see them, b few people come e this caegon
e daoubas that this is g sigruficant issue with the anail.

The 1wo concepts, opuon value and non-use value, seem o overlap Mans
goods which exemplifv ane abso exemplifv the other. A the sime nme, Uiere
are no doubt difftrences. Non-use values stern in some degree from ethical
considerations, from g recognition that a species by o righl to exist even gl
humamty places no direct value an i, B one suspects thar beband many
nar-use valuations there harks an L'Jpliuil value many nov-use valuations siem
trom an unstaied beliet thar a use value may emerge,

In this seciion we review rwo disuno formulations of this issue, one in
which the returns to a preservation project are uncertain at present bue wall be
revealed in the future, und one i which the preferences of furure generations
fur environmental faciliics are uncertain, The frst framework is the one in
which the issue of oplion values has traditionally been studied. We provide an
outline of the argument in this case and illustrate the Facr that one needs (hree
conditions for an option value w exist. These are irreversibiliy, the Acipuson
of information with the passage of time, and an asymmerry of the underlying
probability distribution Similar resubts apply o the case of uncertamiy abour
the preferences uf future generations.

Waiting for Tnformation

The option value of Preserving an envirommnental ar ecolopgical asser has
heen explared in the context af uncertainty about the future benehts associaed
with s existence. A review of the literawre is in Fisher and Erully (19850
The central issue is that benefits will accrue i the future from the preservanom
of a resource, bur these are currently unknown. I the resource iy preserved
into the future, then in the foure the decision about whether w Preserve il can
be reconsidered in the light of beuer informavon then available abont the
benefits from ns existence. If a0 is not preserved, then there is no chance of
reconsideranon when we have betler information. In this case conventionl
decision tules will underesumare the value of preserving the asset. The follow-

=.-"-n1|:|ng:i| e siudies of e ssue are Weishowl C1064), Kroulls C19671 Cie lenty and Focenian
(1971), Schmalenses (19789 Avvow and Fishe CIHTAL, Henre (19740, L0 and Bolan (1475)
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Firure ]
Uncertain Benehits from Preservation in Period 2

State . chouse
coitservanon level .
Favolf s b, < O

Probatalne g

r= 1

Choose consercitnn level Ly
benefu s £ < Ok

Prohabiliow (1 — P'!
Stave s, Chuose

conservanen bevel oo
FavofT is b, > 0

ing example Grom Dasgupta and Heal, 19790 illustrates the key paint i a
simple anework.

We shall show that with rreversible decisions there s an opton value Lo
comservation i the inal period il and only af there 15w posiive expeaed
p;wuff from conservation in that period given that we follow an aprimal policy.
VW contrast this with the reversible case, in wlich we never comserve in the firsi
peniod and there 15 no opuon vilue.

Consider two dates, the present ¢ = (b and the fuwure £ =1 We have one
wnit of an environmental asse. The benefin from preserving tns now at e
(= {is b, Avime ¢ = 1 an the future there are two possible states of nawre 4,
and . The state of pature 15 revealed a0 tme = | 1F the state 1= 5, the
benetin of preservimg the asset is &2 b s s the state, the benefin s by The
probabilives of s and s, oare poand (1 — p) respectively. Decisions abour
preservation are made both currently at ume ¢ = 0 and i the fulure a0 = 1
Al f = [ba decision is made on how much of the asser to preserve untl { = 10 a
that date we may either conserve evervehing conserved at ¢ = 0, or conserve
fess. Goven that destruction 15 irreversible, we cannot of course ar £ = 1 con-
serve more than was conserved ar { = (. Our opuions ar t = 1 are therefore
cansirained by the deasion made w £ = 6. This siuation 15 summarized 1m
Figure 1.

We shall compare the case already described where the decision made m
tme £ =1 5 arreversible with a hypothetical allernative case o which thas
decision can in fact be reversed. 1n this case the deasion made al ume ¢ = (0 no
longer constrons the oprions available ar ome = 1. We look an thes alernanve
case (st as i1 15 simpler anl ]:-1'“1."“‘][-1.\.' a benchmark. Let ¢, be the amount of
the resounrce conserved now at nume (=0, and ¢, and ¢, be the amounts
conscrved i the future st time f= 1 in states 1 oand 2 respectively The
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expected benefit from development Gusuming a tere discount rated 15 b,
||',a|',-|.:| + {1 = ll:.-:l,.._J(._? We have o choose conservation levels Cpe ) and C, 10
maximize (he expected benefin). We focus on the ineresing case in which
there is currently no benefit 10 preservation,” b, < O, nor is there any benehit in
state §in rhe future. b, < 0 However, there is the boore possilnliny of stae 20
which there are posiive beneles from preseration, by = 00 N deosians are
reversille, we proserve nothing at ume 1 = O, Loy, we set o = 0 Then ae dme
t = 1, we cwnserve nathing in sute | oand everything i stae ¥, e, we sel
gy = Gani ry = 1. In the reversible case we can set ry = | hecanse by assump
ton decisions made at = 0O are reversible

Maw ronsider the real case o which the decision ar time £ = 0 cannot be
reversed later. In this case the choice made a0 0 = O dogs conswraim the choces
open al { = 1. We have 1o satstv the constunt thar what is conserved at nme

1 cannal exceed thar which was conserved  Dndally, thar s, 0=
tr =0y, = 1. bn parricular, if everything is destroved in the first period, then we
have no optons i the second  What palicies now masximize (the expecied
benefi}? ls there a value o carrving the opnon w conserve o the second
period: Clearly il i the second period the sune of the wanld soone 0 which
there are I’_HJSitI'I.-‘t'_‘ henelits o conservanon, thern m thal ]H:liud we will conserve
evervihing left to us by our eavher decsion, that is we will alwavs set o, =0, U
however the state in the future 15 unfavorable w o conservanon, then we will
conserve nothing and ser o = 07

I is oprimal to conserve inthe Gese penod af and only il there s g posibive
expected payotl W tuture conservanon, given that we choose opuirally laer,
e, we ser o, = Uand e, = ¢, Comtrast thas with the decsion i the reversible
case, in which we never conserve and alwavs chose ¢, = (0 These two decsions
are different if the cxpecied payofl o conservannn in the frse period s
positive © In this case there 18 an option value 1o conservaton 4s 4 means of
carrying the resource wia the second perned and taking advanage of future
infarmarion.

Option Values
Note thal the existence of an “opton value” does nov depend on sk
aversion, as we assumed throughowm the previous subsection thal the maxa-

&l by = &, there are benefus w conservanon o che fes period. so ahat v, = 1, we conseree in
the first period. We concenrrate on the mmciedting case ol < 0, witen the
comserve in peried 11s the possibiliny of @ pusiove return i perinl 2

"Moting that ) = Oand £, = &, 0 the irreversible case, the expressimn ln expecied heoeie al the
wp of this page reducer w1y, = O piie, As the espressinn is bincar o G the istial
conservanon level 15 posiive 15 and ouly i e derrvanive wath respect e 0, B8 posiive, L
[y + 01 = pbeyb > 00 The ineguality has o sunple inerpetanime she lel-haod side s e expeced
|u\-uﬂ froemn comservatwm m the Lirs |rrr|n||. It owothe cereain [hay wll i abe Liest Ptt’:c-d phues the
cxpected pavoll from conservaiun
pccurs there will Be pee ooneser cation o the second per el 11 s the thpttlttl Flrﬁlln b ¢ GBET Vil
n TH‘I'iUI'.I CRTRE VL thal an u!mmal Ehlhl". i follcoweed M.I.t:-.‘ul.'lll.l{'”[l".

b.-'\.n |rn]'_|-|:|1'l;'.1n|: 5.i|||pii|\"||tg :l.‘\.hUHIJI-IlI:-II e Bl |':n.'_1|r||:-|1 i, |||.|' bneariny of |‘l:-|1'ﬂ“-'~ we the lesel ol
preservation Fesboer smd Kronlla CEYE5) elisgnass the vode ol Bocanan

ak |j R

i the second, prven thian il che siane vndavorible e conae rvatian
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mand 15 the experted value of benehts® The kev issues here are: Arst, Uhe
irreversibihey of the deasion; second, the fact that delaying a decision can ler
ome take advantage of beter information, and thivd, thar on average there will
be benechits from conservaton in the first period, provided that we choose
apumally later Gas shown m note 7).

There are impm'lnn[ pracial inlp]:;‘.almrm af the analysis thal we have Just
compleied, Chimate change is lkelv (o be irreversible i 1 occurs. Soona
cosi-benefic analvsis of preventing elimue change (Le., preserving the atmo-
sphenc environmentl, it may be appropoare o credit preservaton (prevenring
climate chungel with an opoan value. This could be the case o the passage wl
pme s fikely o bring significant new informanon about the likelibood of
climate change or about iLs consequences.

The most thorough study of the costs and benefis of reducing climare
change 15 Chne (1992). 11 seemns worth notng thar aithough this swudy refers
many tmes o the soenilic uncerlainies associaied with predicring climare
change, 11 at no peint atiribuees an opuon value w preventng chimare change
This means that Cline's study may sysiemabeallv underestimate the benefi-cos
vatice of preservation of the aimasphere in s staies quo. There is also an
analvsis in Munne and Richebls (1992) of the value of wainng for sciennfic
il emation abaut the greenhouse efiecn, They consider two possibilives. acung
scrongly now w reduce the emission of greenhouse gases, or kg very hmited
action now and wailing untl there is further scientific evidence. Takimg magar
sieps Lowards emission abalement now amounts Lo conserving the atmosphe ric
environment in s present state, and shoutd again be credited with an apion
value, Manne and Richels Ll 1w do thes, and so agaim uvoderestimate the vaiue
ol buvmy insurance against the greenhouse effect by acting strongly now. As
the value of an option generally increases with increasing uncertainty about the
future, und as uncertainty looms large 0 any projections regarding global
warming, the extent of the underestimare could be imporiant 1L could for
example be decisive in the endorsement o’y global carbon rax.

Uncertainty about Future Generations

There are several ways of generaliang o refining the concept of opnon
value. A Lev consideranon seems w be the possibility thal future generations
will value epvironmental resources more than we doo 1 this s simply a
statement that these resources will be scarcer, und so more valuable oo the
margin, then this effect 15 caplured e the usual approach 1o costbenedi
arialyss (Heal, 195540

It may, however, he & statement that future generations could have
different preferences from us, and might value environmental assers differently.

I'|'|:|-:|:.-'|L (19490 ) comsitlers a sk cxample 0 Lhe case of rrreversble mvesiment deaisions, and
shows that the option value o delaveny an mvestment decson 1o ke advamage of miormanoen
thiat will becicnme available ioothe luture, can be compoiesd wang the formula vsed 0 boane v
'-it|uII|¥ anon e by aosieec b See also Disin 61997)
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Berause they might value them more, we shiould, i is argued, uiribuee o value
o leaving them the option of high consumpion levels. Salow {02 ArEacs
that an important element in the definition of sustinabilite is recognizng the
pussibility thar 1he preferences of fuure generutions abour eovirommenii)
assels may be very ditferent from ours (see alse Cluchilisky, 19950, Belwani,
Chiclibmsky and Heal, fortheomnng 19930, This seerns close 1o (e con ept ol
oplion value set aul above, and indeed a1, though thiere wre some diflerciges
st are revealing. We next study this probilem, drawing hewvily on resubis in
Beltracd, Chiclhibiisky and Heal § 19999, and st o hihly sinplilied sevsion o
that mode], "

We shall illusirate the conclusion thar nncernenty abour lulare preferences
alone 1s not sufficient w produce an “aption value” case for incrensing the
rescnrce beft wo the nexe generation. In addivon o pure uncertainiy, there
must be asvmmenry o the dsimbunon ol possible clidngres e preferences,
Neuwral nncertaimy Gncreases and decreases 10 the intensin, o prelerences are
equally likely) does not generae a case i leaving wore 10 the Tuinre 19 Case
they value the resource more highhy than ns. Uneeramie nakes o Citnt 1001
conservaten anly when the expecied rewam Postponerment of consum prion
15 pOSIve.

Consider a 1wo perind world where there s fived ol siock ol & natural
resource 1o be consuimed in the twe perods. The wntal stock 15 known 1o be i
The amounts consumed i the (irst and second perinds are ¢ and g respe
nvely: these must obviously sausfy ¢, + ¢ =3, As the stack is irreplaceahle,
anything that is consumed in the firs, pevivnl s now available i the second, s
thai comsumption here is an irreversible deplenon of the stock, The utiling moan
perind one consumption is ule,), which is an wmcreasing sty concave fune-
tiwon. The vulity from second period consumprion 1< unknown: w may be cither
(1 + alule,) with probability p or (1 — Bluic,) with probabiliee O = p1o Here
th=a, A < L So there is a probabilitg frothan the ueiliey derived fran fuoare
consumption will be “scaled up™ by a facior @, and a probabilin (1 - £1 thar o
will be "scaled down™ by a faclor 8.

Consider first as a benchmark e case in whaeh there will he no chiangre
preferences, su that we just have w pick o, and o Lo masimize ale ool )
Frigure 2 shows this situation: the length of the hovizomd axes s o, the il
stock of the resouree. Consumpion e fivst period o 0s measured o he
right from the lefi - hand arigin and consumphon in the second period 16 the
Iefi from the righi—hand ovigin. Marginal wility i each penod is ploned, and
the opmal levels of ¢, and ¢, are thuse a1 which the margioal uliny curves
cross. In the absence of discounung, and with utihiey funetions the same 1 cach
period, these curves will of course be SYIUIneiric, as shown in Figrure 2

1w " : .

Tl full model is sadbcally different foom most oier medels i which vptin vilies Lave Leen
seudied. 10s an infoive-horizon swochaste lvnamn apmmaten el a0 owho bt el s
the expecied present value ol silny and Hoogre preterenoes evilve suclasin ally
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Figure 2
Uncertainty about Future Preferences

Murginal wibay

4
Secund peood marginal ity wieh [ 4

AV wieriny and g8 = 0

First periced !
marginal weiliy .I|r

\/

Second perindd manginal
unliny wili cerlainy.

ta
Cipumal first pernod consumprion Cappimal consumpninn in each
falls 1l expecisd second period prerisd 15 4 S with mo unecLaini v

mar ginal uilivy mises.

Mhow suppose that there 5 uncertainiy abowt prefevences m the secnnd
period - think of tns as uncertainty aboun the preterences of @ future genera-
o Also simphfy matters by assuming that 8 = 0, so that the only possible
change in preferences 15 a “scaling up” of the uriliny of consumphion, This
cm'rcsp{mrh o the case that we mentoned an the start of this LECTION, namely
the possibilny of an increase in the appreciaton that people have for Lhe
resource.!! The expecied marginal utilivy curve for second period consumption
is now above the certam second period marginal wiliny curve. as shawn

F!gll::' gl

The optzanal first perod consumpon level s now lower than belore, as
result of the possibiliy of o shitt in future preferences wwards the natural
resource. Generally one can show il the amaoom of ths reduction depends on

the prohbabibey distribwion governmg the change in prelerences. the discount

Mhiow we imave wr chone fp e rnow maximeze the expectaton of uolicy, which a5 @ = 6w
wlo bt pll = mlede,d = O = phateg ) The solwtion 1o Uis Teguires than the marginal b ol
comsunipton e the lics perin] cquals the expeceed margmal onlive in the second, e

Al i
— = |pux 4 1}—
L [ }'1"-!

Clearl Afee 1) = 1. soothat the I1:le'|iu-c| et anarEmid anlny curve eomoved g unre Ay, and

provicnl tng Cotampiem Balls, s i Figane 2
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rate and the degres ol visk aversion (Beloawd, Cloachibnisks andd Heal, 19492)
Does this reducton in period ane consumptio

reflect an “oprion value™ in the
sense of the previous section®

Te understand this, we have 1o consider the more gencral case that we
posed initally.'? Suppuse first that there is uncertanty aboul future prefer
ences but on average we expect no net change, in the sense that inereases and
decreases balance out in probability terms. Then the second period man ginal
wiility curve is unaliered by the uncertainty about fumre preferences. bn s
case uncertainty about future preferences will net lead w o reduction in present
consumprion. Indeed it will lead o no changes in any consimmption levels, even
if agents are strictly Tisk averse in the sense that thew uriliey functions are
siricely concave. 14

If on the other hand there is an expertation of an increase 1m0 the utilicy of
consumpnion 1 the second period, then the peried Lo expecied marginal
utility curve will lie above that under certamty and conscguentby the opramal
period one consuimption level will be lower than under certainty. Conversely, i
there is an expectauon of a decrease wn the wility ol consumption i the second
period, then there will be a decrease i the periad one consunptim relative w
its level under certainey

In conclusion, uncertainty aboul future preferences alone s not sulTicien
1 produce an “option vajue” CGase for increasing the resource lefi 1o the next
generation. Lo addion 1o pure uncertainty, there must be asymimetry the
distribution of possible changes in preferences Neutral undertunty with in-
creases and decreases equally bkely does not generate o vase for leaving more
to the future in case ther preferences for the resource are sironger than ours
Lincertainty makes a case for conservation only when the expecied return
postponement of consumption is posiive.

One final observation and an mdication of possible Tutare research. the
Belrratii. Chichilnisky and Heal model of aprion values suniuanized here s one
i which utility is derived only from the flow of ronsumpnon of Lhe environ-
mental resource, In practice the stock may also enter as an argument of the
atility funenon. For example, we value the current chimate as an asset: we value
the current stock of speaies or of sainforests. In this case there are likely Lo be
two qualitauvely different types of optimal consumption path, depending qn

" ’ .
Equahzaven of expedied margosal mihoes o the red pesios reguires 1 thes cise 1

du i
oAl ta) +(1 - ) ==

piow the penml rwu expecied marginad uobny corve may eneral e alnie o bebow the i
period curve: it will be e Uy the same as the Dess peoed caree, ve the tuve i the absence of
|J||,m-:|_;1'u1|:!.'I il anel wnly af the cucflicen of fa _-"3-2 voome. Lo, {gpdl 4wl 24— pHI - @ n=1
This condinon means that e expecred sball m period twe il s ven

'ﬁ'.:ch:ucil.llg.-, this 15 becavse wncertanty heve o glioaal the iy Dnicrne, anik othe nsasomand e
linear i these. Soctety is w rnkoverse abiond neliy levels, even thoogh e aboun consumpron
levels
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the size af the initial stock of the resource. T dis as Birge, the opoma! path will
mvolve the mainnenance ol positive stocks of the resource madefimey: il in s
small, Uien the entive stock will eventualle be comsmmed. The size of the onneal
initial steck wr which this qualiaove change o soluveon occurs, will depend on
preferences, In this case, it is possible that a rhange in uncertainee about tuore
preferences will up the coonoey from one opumal consumpion 1|_‘y|l|:|r I
another. Such a phenomenoy would make o dranane diflerence teche compu -

Latin of the option value,

Conclusions and Open Questions

While some of the Toundanons are in place for an undersandmg of the
cconammics of wlobal envvanmiental visks, there are certain aspects thal reqguire
more atention. From a poley perspective, the endogenciy of the sk faced is
important The purpose of many recommended policies 1 preceseh o changs

4

the risks that we face. An example 15 the global carbon s proposed by the
OECD and reviewed in Chichilnisky (1501, Only recently has thore becn
systemalic stucly of the wellare econarmics of markews with endogenous risks
and muanv fl'llﬂ_";‘li"lll‘i TEsrakalni L'I'I)E'n.

The pobicy implications o many of the ssues thae we liave reviewed need
larther anention. Hew imporiant, for example, are the option values assooaned
with global changes: [1owoull be interesting o see some ol the barge models
reviewed by Wevinn in this svmposium address this gueston. We need o soudy
Furthier te instiuomal inplications of radig enviconmental risks on financial
markets such as compmgent claims markets and muwual msurance markers. The
pubihe good aspect of the global chimate has oo been anabvzed adequately. The
structure of emissions permil markews needed for effwiency s sdll net wnder
stood, O wnalvses of option values are sill hased on very limited assumplions,
m spate ol a long and disimgushed Tneratnre inothis area Finally, econonsts
clearty need wore exchange ol information with phvacal soenoses: ois fain o
sav that the twee areas Gl 1o make any sigmifcant conace mea Geld tha needs
the skilis of hoth

The prospect of climare change induced by lnonan activity fices societies
with demanding issucs in risk mamagement and nsk assessiient: e the sone
nme, it faces economes with challenges and opportomnes. The challenge is w
sate them e socieny ut barge and prove thae

develop imelic tual 1ools, commur
thev can add value 1o the analvsis of 2 comples and possibly dundamental
pritriem

m Hioth e l'l.u'rif.nr.'_\' civird Flend ane .imm.l'frrigf- jr:m:lh'ﬂ{;f' tafipeiri fvean the N&F I'é:'.luﬁ.'.t
Q26028 qud G1-0460 vespectizely), the Fundazione Mader and e Monge dei Pascli
di Stewe Hodde aoethor .'Jli'_llf,a:l'ﬁc'i:r‘.'.f.? wirduahle romments from Ken Aveow, Andreg Beltvatie,
Mardecar Koz, Rwhard Sondor wnd Bob Sedowe. W are partcwdarly gratefud o the
et of the e, Iack Schanaberee, Carl Shapive and Trnothy Terpler, for saluohie

commuenty wnrd sugeestion s ek ey bevond the cadl of daey,
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