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Abstract
The adoption of shysical thresholds as o ceiling for permitted climale change sidesleps

comlentious issues such as: policy cost impeact valuation. discounting and eguity. In this

paper I odfer some etlectons on the concept el wlerable climare change. T alse use an

integrated climate assessment model (ICAR-30 1o demonsteate how uncertuinties in our

understanding of socio-cenncmic and 2arth systems reduces the probalilitg of suecess m
kewping climate change within o pre-definzd mlerable rnpe. Finallv, 1 esplore the

implications of socio-cconomic tesholds Torwellars loss mopumsail of a climaie policy

Lo s rebellions L Crossing such reglonal socio-coonomic thresholds will lead o local
Failures we pursue climate changs mitieation: selicies - incrzasing the probahilivy of staving
Bevond the tolzrable windew of global climae change. Grven varous uneeames anl the
dymamics of the socio-economic and the canh systems the cdds of sueesss in staving

withio the uclimate change windos of AT=2°C and ATHrs 00013 °C are estimated to b2

e higher than 25% over the next cerury. A risk-risk iradeoff aparoach appears to hold

promise. outwhile adepton ol a lnger window of wlernmee inereases the probabilily of

gaccess alsn apans e window specificalion erieria w contention.

Fa— .
Canier I

Mlezruled Stady of the Humaen Dimeasions of Glohal Chenge, Depatment of Engine

Poihe Policy. Carizgie Mellon Universing, Pingbeogh A, L2217 Universite Fellow, Besourses for the

Friure, Washingon DT e hedidomo.ede,




Gas Cetlings Lot bl

Introduction

Adtributon of recent trands il Clrange 10 ol opogenic activities s led o

considerable concern ubout the future extend of anthropogenic clirne elanee (Hooghien,

Filbwr er el 199060 This hos Lecd 1o s desine w define limits tor such climate change. In

12 costs of mitigation of

general, sconomists have argusd for striking a balance betwaen

areenhouse gas emissions gl avened elimate change impacts (Nardbans 19920 Naral
scientists, on the other hand. have argued for the definition of physical threshalds o
tolerable climate change. Such thresholds are oflen defined in lerms of the adaptive
capacity of muural ecosysiems. I one such cxereise, the boundarizs o wlerable climale
change have been defined in terms of inviolable thresholds for the vate of wmed ol
terrpertare change (WEGLD 1995), A npumber of studies are underaay to defing “safe

windews™ of climatolo

ical change, and tgaslate them into o permissible range of

recnhonge cos emission trzjectonies [ Toth, Bruckner eraf, 19970

Here. four isgues are considered o more delail;

e Characterizing climate inpacts and delivimg Tolerable Windows — the presumption ol
intoleranee is that the existing imanaged er natural system is somehow optimized (o
clurent condiions. Long-term climate oscillations, and rapid o cover changes due o
T ativay have Jed v reziomal elimate changss in excess of 100 The natural
ceesvatems respond with vorious lags (depending on growth fonms acd lociion) sad
math dependency, The current distribution of scosystems can ceither be delined in
rerms ol an equilibrivm, mer is ian optiman i the tadiconal sense of the 2. In
delining Tuture thresholds of inmalerable luss. we need to consider these issugs with far

STCDIET Chre.

= Hegional climate anomalies and oscillations — althowgh cften ianored by clim

medelars, he earth’s climate svstem has long-term oscilltions which exhibit century
scale regiomal rires of lemperature changs eflen between 0.1 and 0,270 dscade, These
high regienal rases ol change in mein emperature have heen observed over three 1o
seven decades, Sirictly speaking then, even mlun: violutes the defined Tolziahle
Window in rate ef temperature change. Tn defining thresholds it is inpontant 10

comsider the dynamics of ecosystem adjustments in relation o sueh change, ad the

combunzd ionpact of secular trends in elinute change aned long=tenm nutural oseillations.,

(B3
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*  Trnsluing Tolerihie Windows 1o emissions — given unceriaintics tn the state aned
dynamics of the canth-human system, meating the targel with certaanry is infolerafily

EXpEnyive,

= Thresholds for policy implementation — there are thres olds i the political Feasibilio
ol pursuing @ strict climate palicy. The probability of such o palicy failure on a regional

level and implications for mesting the TW approach are caleulated.

Pl vest ol this paper is divided into three sectiona. The first section is devated o oa
discussion ol the challenges Inherent in defining Tolzrable Windows and impact

threshelds, The second section s deveted W g briet description of an integrated assessment
model TCAM) and explocation of the Toleralle Windows Approach under conditions of
nperfect knewledge and parial conteol. Tnthe Tinul section some coneluding remarks are

allered.

I. Characterizing Climate Impacts

I35 tempting to think of ecosysiems as systems in equilibrivm, in e absenee of external
perturbations. Climate s olien considersd the dominant determinant of Tand cover, amd
wits usead by Holdndge as a means of characterizing glebal land cover {Heldridge 19470,

More recently. e Haldridge and similar schemes have been used 10 estimate the impacts

of climate change on unmanaged ecosystems (Bmanel, Shugart et al. [953: Smith and

Shugart 19920 The spatial previlence of vepetation o
CPrentice 1990, Shew lakowa 195967,

s net it such simple schemes

Paleontological evidenze reflects lang pericds of quizseence in the compesition al
sensystems in cach regien of the carth, Thess periods of quiescence are punciuated by eras

ol rapid ehimge Dvayve 19540 Hence, the werm punciuzsted eguilibaum was eoined 1o

characteriae the pattern of such evolutionary change (Eldredge 19712 Eldredge and Gould
19723 This suggests tha e entities constituting a comemunity (whether the community is
= human socicty or an ecosystem ) develop around locally siable configumtions. rather than
fodlowwing a ocess of continual change. adepting the optimal cnsemble and forne. as
exogenous envirenmenlal conditions evelve (Gould 1977: Stanley 19799 There is no
reason to reject this paradigin is charcterizing the world around us, except in that it makes

the life of scientists more difficul, Life grows mere difficult, because al any given lime we

tle not knew i1 the quasi-equilibrium system is close to or G away from is “idealized”
state. In this paradignt we are Band-pressod (o urgue that a fusure cendition will nocessari v

lead to elange. wewlhere the threshold of such charge may b,
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Impacts of environmental change car be due (o exleme events or szoular changes: In

persistent systens tere 15 cenerally a level ul robustness 1o extreme events, Adl else heing
squal, ke Tongevity of the system is related to the return peried of devastaling extreme
events. When all other factors e net being held constant, the system’s resilicnee o
erlreme events may climge dramatically.

The arawmaents abave highlight two issues:
£ EhlgE

& st n ondes wcde fine impacts we tend o reserl to an aver-simplified chareterization
of current land cover heing optimal for current canditions. This [s unlikely to be e

Ton managed vr unmanaged systems:

& second, beciuse natural systems exhibil punctuatzd equilibae. estimarion of thiesbolds
i likely e he diffienlt, and projection of impacts after the thrzshold hes been crossed s

armatler of speculation rather than knowledge.

Regional Climate Anomalies and Oscillations

The WRGLT 189495

vilues tor elimiee change in erms of AT and ATddecade. Their argument heing that o

‘e used historic eviderce of climate change toeestablish threshold

record of pre-industrial climate change can be used to deline the range of “natural climate

change” for which ccosvstems have been relitively robust, There is much to recommend

this approach, except that at the tme of the aralysis, dur knowledge of elimate cha

century time-seales was limited, In the past three years. three sepirate studies lave
identilizd natuweal clirate oscillutens of significan: magnitede (Sehlasinger ol Ramarkaily
199 Mann,

preeny records of local temperature show annually averaged mean temperatuce soomalies

rhoer s 9IS Mahasenan, Walts ef el 19971, 1o cach study actual or

with amplitude of = 1°C, These natial oscillations have periods of = 70 vrs. = 160 vis.,
and =230 yrs. Thus, Tor the shortest period oscilludon, idertificd 9y Schlesinger and

Ramankutty from the i

trument recurd, the historic regional rates ol temperaiue change

bive beer approximately 17040 years. 1o the study by Mahasznan Watts and

Do latabici, the pre-industial natur mte of empertuse change bus approached 190

YCILES.

Lebentifivation of lurge reglonal nscillaions in emperaturs anomalies in the proxy and
instrumant reconds call ino question presunptions aboul the dynamics of regional ecolegy
aul elimate, Perhaps it is appropriate to censider the tme constar: for the dynamics of
different compenents of e ecesyslem, This would imply coapling between svstem

cumnponents of different times-cales on a discontinuous basis (Gundersen, Holling er o
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9030 The interaction ol system components of dilferenl ime scale and their implications

can be seen in many regions, a most vivid example being the impuct of spruce buworm on
the forest dynamics of New Brunswick (Baskervillz 19957,

The taster components of (e svstem are likely o be influenced by the measured climare
anontaly sinee LR Thus, the issue of theeshold identification is made more complicated
tham a simple presumption of equilibricm betwsen the cumment ecosystems and climae. The
dynamics of lorests does not appear t be directly related w climae anomalias. bt o the
dynamic inieraction of Meter system componedits, which may b2 sensitive o climatic
conditicns.

These ohservations about manral eates ol regional wmperalure anomaly and ceosvsizin

dymamics have two implications Tor the WIGL thresholds:

= firsk past nscural escillations in regions! temperature ancmalies approximate the upper

bound of e identified thresholds, Teaving no room for eay anthroposenic changs,

+ second, snipsshots of ecosystems are nel fnn stable equilibrium with regional climates

and cannct olter o basis for definition of a thresheld for temperatre anomalies.

Interactions, Uncertainties and Inversion of Tolerable Windows

Beyowd the dillicultivs of charucterizing possible climare change thresholds, is the

challenge of inverting wlerible windows of elimate change into a carrider of permissitle
amission paths. Tothe TCLTPS project this inversion proczss is being implemented fora
system of decoupled Nlters {Toth, Brackner eval. 1997 ) Thus, while impacts of climate

change ona valued outeome are used to define the wlerable window, the implications of

climate cliange mitigation policies o the same valued outcome are ignoned.

Let us consider a specific impact o illusirine the need for an integrated approach 1o

v. The study on Tood
secunly by Parcy o Livermare (1997) has projected a response surface for the number of

sssessment of impacts eam both climate change and climate polic

peaple at risk of savere hunger through e, for different levels of temperaiune anontaly

abowe 1990 normals. They suggest that higher global temperatures will lzad 1o more

if climate

hunger. Clearly this should be avonded. ot in the sty is interproted o
chinge 15 limited. there will be fesy hunger” we would have fallen prey 1o a severs
aversimplilication of the issues involved and lulled into & sense that cfimsate policy will 1l

be creating hunger,

A




Hupger todiy is net consed by madeguate global Tood production. it is most often caus:
by political Falure to distibute food, or by consumers nothaving the means 1o procuns it
I35 elear that measures 1w control climate will have w limit CO, emissions. This will

involve an increase in the price of lossil energy. Commercial agriculture is an enerpy

[[HISE

visactivity. Agricultusal predhucts ane likely 1o become more expensive 1o produce
and to distribute. Heree, unless specific measures are taken to solate food distribution and
procurement from these “knock on eTects™ of climare palicy, Bunier cases will be

generaled by the climate mitigation palicy, T do nat know iFthe number of these cases will

excead the mumber of hunger cases avertad by limiting climate change. Neventbeless, [do
knew that de-coupling the sgern frem the precess in tanslaing TW 1o permissible

trijectocies of emssions can lead to counte-productive policics.

Translition of a tolerable windew into a corridor of permissible OO, emission tajecionies
noeds toconsider one Just challenge: uncermingy abont the dynamics of the natural ancd
suciul systems, This uncenainty is a refection of gur current state, in which despite all

posal, we are uneble w charetenze the world with cenainty,

cmpirical svidence ol our

Projection of socio-ceonomic tends, thelr resporse Lo interventions, the response of the
climite system ta fiether ¢missions ef greenhouse gases and acrosols. and the impacts an
mamaged and natural svstems is uncerlain,

Inversion provedures that include uncerainey will show that there is alwayvs o probability of
crossing thresholds in the tolerable window, By being cautious. this probability can he
minimized but being eaulious canmnol eiminace it

e olservations above Tead 1o two conclusions:

= thae e mversion process requines coupling of the various fileers, for example the

implications of the policy on the impacts of coteern connol be ignored;

= uncertaintics in our understanding of elements making vp the secio-ceoncmic and
natural systems will mean that prospective policy meusures wasards e aree will

NEVER S

e Uit the thresholds will he respecied,

1L A Quantitative Exploration af the WBGL Using 1CAM-3

[iscussions above huve highlighted the challenge of defining elinate impacts, and
thresholds. Nonetheless, integrated asscssment models can be emploved i perfenning the

Inversion of tolemable windows inte climae change mitigation policies.

{]
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A brief overview of 1CAM-3

e the pust seven vears the ICAM-3 madel has been develeped 1o capture the saliznt

interactions and uncertainties described above, ICAM-3 is a simulation Gaumework with e
focus on: compleleness, wepresentation of uncertainties (parmmerric and siroctoeml ), and
diversity reglonal demographios. economics. climate and multi-criteria impacts). The
mlel nses 2000 parareter uncertainties and over 27 structural uncertainties W0 relect aur
state of snowledge. T has 1L world regions, smgacts Uhal range from market damages in
coustul areas o healih effects inourban areos. The sisnnlations are tun for the period 1973 10

JEO0L o S-year Gane inlervals.

The driv

laber. Demographics are modzled 1o respond Lo changes in various socio-economic

e ol change i FCAM 3 are population growth and productiviee of capital and

factors and calibruled o reproduce tha range of pepulition projections by the Unied
Mations ind [TASA (Liotz e ol 19970 Py
parameter. defined for cach region according o the scenario design published by the

luctivity growth is an exogenous arget

Encray Modeling Forum (DME-14 19935, A complete deseription of 1CAM can be found
elsewhers (Dowlatabaci and Maorgin 19987

Unlike cprimizaion frameworks. the challenge of meeting a climate change tirget such as
The WBGLL is treated as o contrel problem In TCAM-3 In optimization frameworks. the
objective function is musimized (e this case probably mitigation costs) while mecting
comstraints such as those specified by the WBGLUL Thus, thene is no question of violaing
the climate change threshold,

When the problem is defined in terms of @ control problem, we need to define a contrel

algowithm withic 1OAR that responds o available measures of svalem conditions at each

tirme period and steers it fowards sume objective (in this ease away from cefine:

threshelds:.

Tove aspects of the system need (o be delined: e al

ohserved? b how is the contral meehanism implemented and revised through time?

I the version of the mode! used i this exercise Temploved the ohservation and coneol

s fomd most clMicacious innumerous paat experiments, The TWA is shout the AT

ard Al seate varinbles, Consequently. monitering of (hese is the basis of the control
algorithan, Abary given time 1 AT, and its rale of evolution i ohsaraable within the

model, Future projections ol AT are based on extrapolation of current state indicators
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AT 1 .'\?';,1 Gased on these proections, itis possible to estimae whether the TS
emperature AL anomtaly o its e il be siokied.

The system s “controlled” via o corbon tax, This tix (s revised al each period in
aceardanee with whetker the TW is projected 1o e ohserved or violated, A simple
guadratiz penally function is ased to determine the responsa of the control {carbon Lax) o

prajected varianee betwezn the TW limits and projections based an current trends.

(ot +nat J-ar]/ Y

T.=7T, 4L AT
[} i
wlere -
T, is e culeulated level of tax in period 1
AT is the level of the variablz observed in the previcus period:
AT, is the rate of change in 1l variable observed in the previous perind:
AT is the negotinted target:
n is the time “or socic - economic planning and responsz; and,
[ is a constantof propordenality; the sign of which changes depending

on whether the projections are above ar below the targel,

Observations of the key indicaror ane sveraged over five vears. Revisions to the ax occur
e every five vears. There may be superior models of bzhavior, but [ have nct been akle
to find them.

Whenever more than one mare than ane state variahle hos o be monitorec (eg., WG,
the contral variable with the largest value is sed to steer the system. 1 the penalty for
axceading the Largel is sel o be more severe, for example e vse ol the 47 power in
sejuition above, there 's a probability of not exceeding the target, but the magnituce of
interventions and their variabilty from one tie period W another is unacceplably large.
Therefore, the chosen control algerithm does not assure least cost solutions, and does not

euarantae thar the teeshalds are nol excceded.

The challenge of mezting targets such as WBGU are compoundec vy bwo addition:]

teatures of mature rellected in [CAM 3:

s st the system responds W intersentions with o lag. Thus, a carben 1y introdoesd o
[t OO, emissions will Tend 102 response diffused in tice and of uncertain efficacy.

The fag in time arises from the socio-coonomnic responss 1o prices through demand




Ciais Cetlingzs Lo fa b

adjustments and struclural change inthe cconomy (0-3 years) inter-luel substitution
(1015 year lag b echnological innovation and dilfusion (3 20 vears). The relaive
mingnitugde o these eMeets is rotwell known, There are further lags in the system, in

that the carbon cvele is incompletely known. and that the climate svelem responds with
3 b : P

ped radiative forcing.

o Second, the uncertainly in many aspects af the system involves the e of response 1o
) 3 -y !

intervention s the cquilibrium response o the intervention. Nel knowing either of

these with assurance lewds o possible misinterpretations of empirical eviderce. For

cxample. L2t us assume that we are sure that there has been a change in ne v

foncing of 'Wm L and an observed plobal lemperiune anomaly of 0.57C, Dioes

mear thit the system has ne lag and an equilibrium response of L3"CW ™ on does it

mean the system has o 10 veur lag and an equilibrium response = 5°CW 'm* 7

Centinied observation. and spomalics such as M Pinatubo will allow disentang leme
ol such jointly distributed wncertainties. But Gor the preseot, we cunnet diszntangle
e uncertaintics and are thus urable w daline the walls of a corrider of emissions

teairds AT climate change threshalds with confidence (Do latabadi 199G},

Kesults

ny- different thresholds can be defired. each would be specific 1o an impact in a region,
and evalugted using relitively arbitrene eriteria. Nooe would have global salience.

Mevertheless. we need 1o defing allernmives 1o the cconemic

ioms ineolving cosi-

henefit analysis in erder o explore the different aspects of the ava

& pulicy choiees, In

order to explore the TW concepl. Twill use ICAM 3 o simulate the chullanges invalved in

ubserving the WEGL threshokls nsing prosnective and iterative control. The quantitative

stoddivs carricd ot explored fowr issues:
I The implication of parameter uncertainty on (he sucesss of control wward the WBGL
threshelds when enly considering a relatively simple model of socic-coonomic

dynamics and ©0, cmissions,

12

Tl implication of structurs] uneentaingy on the suceess of control waard the WEGL

thresholds

Ao The implication of o mers complex mode] including other greenhouss voses, nerosals,

and menural climate oseillations on e snecess of contmol tesard the WEGL threshalds.

Ao The implication of possible socio-ecanomic threshalds in policy cost for successiul

puersuis of polivies aimed a0 observing the WEBGLU threshokls,
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Tl the case smdies presentzd hee the contrel objeetive is 1o limit CO, emissions in onder
Lo observe o combined AT and ATSyr threshald of 2°C and 01370 v, As noted earlier,
Ui el has over 20000 uncercain parameters. Inooeder re caprore the implications of thes:
pararmeter uneertaintics the simulations are repeated 100 times using Lutin Hyvpercube
Sasnpling Mrons the probabiliy distribezions of the uneertain parameters. The resulls
prasented here are thye surnmary statistics from the ensemble of resulis pencred by these
runs. Extensive sensitivity and uneertainty analyses can be conducted in this frmewerk in
erder e learn the key contributors o Gilure of a control strasegy 1onest its tareeland other
outconmes b nterest (0w latabadi, Morgan e af. 1995

CO, emissians enly — exploring the implications of parameter uncertainty

In arder to explore parametric wicertintics, a simplificd vadant of TCAM 5 used in which
enly radiotive forcing due o 00, 5 considered. A Farther simplification of the naturz]
system invalves omission of ong-term climate oscilluions, Simplifications are also made
i the sucio-economic module, by eschewing endogenous modes of wehnical change in
coerey production and consumption in Frvour of exopenously speciied parameiers More
detailed explanations el the variants of the energy-sconamics module in 12 AM-2 is

presented elsewhere (Dawlatabadi i press),

1 the panels o e Do can see the L0, threagh 90t pereentile rnge of ko

outeeries in hoth fe btgdiness as sl (BALU aod coneed scenarios. The wide range of
values cocumpassed by trjectories in each panel reflecrs the senstivity of resalts 1o
parameter uncerlaintics. In the BAL scenarin. Figure La, we can see that in the absence ol
interventions the temperature anomaly has an 80% chance of growing 1o be between 2 and

S There s a 10% chance that BAL will lead woa globally averaged remperame anomaly

of fess than 27, and there is & 10% chanee that itwill exceed 55C. Thus, in terms of

prospective controls we may need no contral Tor the AT thiesholé in LO% of cases. The
e of

BAL rnge ol the rate of wmperaturs change. Figiee 1o, shows a similar’y broad

polentinl voleomes in with a 109 chance than no control may be needed.

When we consider the control imjectories we find that the conteal nimed an lintding
temperature chunge to 220, anly sueceeds in 5% of cases, see Fizure 1. Furthermore, in
S ol cuses, the threshold Sor the rate of temperature chunge is exceeded for the Tirst tiree
decades ol the 21st century. see Figure Id. Finally, the level of control, expressed in terms
of he shadow puice ol carbon. leading to these results is presented in Figure Lo [would

b o mistake o interpret this panel as o failore o mest the largets despite Righ contin! levels.

Ina fruction of the simulations, Tailure W respect thresholds is due o the prior expectations
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shaping the contrel path being erroneous, ard the system’ s dynamics being unforgiving ol
such mislakes.
Teis evichent that parimeler unccmainties. even in this simple vartant of ICAM-2, lead e a

signili

t probability of fuilwe in controlling CO, emissions 1o mezt te climaie change
thresholds with assuranve, Funthermore, uncerainties in econome growth, popalaticn

gronveh, aurenanens snerey efficieney improvements, clastieily of demand, inter-fuel

substitution, svzilability and price of non-tfossil energy sources, and clingie sensitivity can

lead to the e for extrense levels of contral. In the ense of this simple model, for 109 of

the gimi,

al cases, the shadow price of carnon exceeds S7T00TC,

Sach high shadow prices [or carbon are worthy of speeial mention because, in wday's
= F ¥ ¥

econony, the coonomie value of carbon use i some regioes of the world is below

SEO0TC. The impesition of o large shadow price oo carbon in tbese regions could drive

their ecanamies beyond the thresheld of collapse. This existence of and probability

crossing this ireshold is examined below.

CO, emissions only — exploring the implications of structural uncertainty
I Figure 2 che key BAL and contal projeciions are estimated for a sienificantly difTerent
maele] of the energy-cconomy. In this model. fuel szarcity driven price hikes for fossil

flels can lesl to new fossil fuel discoveries and subsequent price collapses. Price hikes

anel interventions to limit CO, emissions lead so innosanion in energy and carbon efficiensy.
Thene ane cranomies of leaming. hence the cost of CO, control and non-fossil enzrgy
production declines with experience. Maore detailed exploration of this and uther energy

ol 1994

coonoiry vanants s pressnled elsewhere (Dowlat

This sircerral maodel of the encrzy econemy lzads (o significantly higher smissioss of
OO This can ke detected in the higher tagectories of the BAU AT and ATy, projections.
However, the eeonaomy is much more responsive 1o control measures. Flence. tha overall
impact of higher BAL emissions does not necessilute 2 higher level of control. A
comparisen of the pacels w Fgures | und 2 reveals the resulis are broadly similar, This
suggests thul. in the eonzext ol 1his problem. paramcter uncetainties are mere sium et
contributors W uncertainty in meeting objectives, tban widely diffeoent steuctural models of
the: energy-cconamy. 1 should be added however, that in the secand variant af the energy-
ceonomy mode] climate change conral imposes wellare osses only one quarter as larae as

thase af the st medel structure (owlatabadi 1996,
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GHG & aerosol emissions, plus natural climate oscillations — estimating the
prebability of exceeding the climate change threshold

Sofar €0, contral towands the WBGL inlerable window ol e seratare change has besn
examied using & model excluding greenhonse gases other than CO,. nerosols. and long-
terrn naural oscillations in the elimae system. Tnelision ot these “actors leads 1o the

following thres complicatons in meeting the climale change mreers:
£ 1= £ =

* controls are exercised over OO0, emissions while other greenhouss guses ure also

LN PR 1)

» control of f

18, emissions will reduce the NMux of werosels, leading (oo emponry

inerzase i nel radianee Torcing anid AT v

& maturn] oscillaions inthe climate syatem are gomng o lead o changes o AT and ATévr

unrelined o emissions and controls, making ohservations more ambizuous and

monilering the ctticacy ol control neusures more uneerin,

fr the Figures Zaee. the probabilistic projections from a model including these complicating
tactors e presented. The additioral greenhouse gases lzad o AT Tor BAU between (L3
Al 250 higher than in the earlior medels. The imelusion of nercsols leads 10a spike i
AT

oscillanons lead 1o ereater diffi

- possibly as large a0 0.003%Cvr, when controls are imposad. The natural

ully in staying within the AT thresholds. Prospective

vontrol is unable o deliver o lemperature anemaly af less than 2°C in mers than 50% of

cascs. Finally. the cost ol controls is considerably higher. exceeding S3007TC in 50% of
cases lowards the end of the projection penod. Realistically speaking, these very high
conirol costs are walihely 1o be realized. Their simulation in 10 AN reflects the absence of
controls over CH, and N0 emissions, and innovations in non-carbon encray supply and
CO, maragement, Ttis mere reasonable 1o expect that these would he [orthcoming in

respense o opoortunilics created by bigh control costs.

GHG & aerosol emissions, plus natural climate oscillations — estimaling the
prebability of exceeding the socio-economic threshold

Farlier. in conjunction with the impagts of climate change on hunger. | urged the s of
tntegrated dssessments that can assess the impaet o the elimae palicy an honger alse,

Here  1CAM-3 is used to assess whether the cost of meeting the climate thresiwlds I;

510

C ing ol socin-cennomic thresholds,

What may be considered a socio-economic tireshold? Historie evidence indicates that

majer wars lead W loss of welfare = 200, Usually, wars can be sustained by Baving a
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stromy publicly suppored zzenda, 16 is dificull w imugine socio-coonomic condilions

where climate change contral would it this mold. Thus, s likely that when the loss of
weltare i pursuit o climate chiange thresholds meunts. thers will be fonees in cach region
uraing rehellion.

ihe

Lsing the maocel,

ses i which the cost of controls exceeds a given level of welfare

loss can be estimated. In F

e, g histogram is presented whees the height of cach bar
indicates the probability ef welfare lossos 220% The welfare loss estimutes due w the

climate policy

s ussessed for each S-vear period, winl each of the 11 ragions in 10 AM-3,

g ol failure 1o meet ciumate

Pulicy rebellion. is Tikely o [ead to cven higher probabil

chunge thresholds. [n Figures 3a-c. the teet of ¢itizenry in each reglon is kept Hrmiy 1o 1he

fire. entorcing the climate control policy regandless of repionsl welfare losses. IFeach
region i allowed w0 deop O, contrals if their costs exceed the 20% wellare loss, the

shiliny torespeet the climite thresholds is reduced oy o lurther 15%.

Cunsiderition of equity in distritution of the conteal burdan can reduce the pranability of
regonal rebellion. For example, o region with a lower carhon efficiency (571077 econgry
would have lewer control levels imposed. I controls are pro-rated in this way, the pieik

arobabilivy ul rehellion declines o less than 5%. but the probubility of respecting the

WERGL hreshalds declines 1o less than 15

L the costs ef controls in these regions ars
baen by wealthicr nations the probability of mezting the WIRGL increascs. but the chunces

b rebelion in these regions risss dramatizaly!

11 Canclusions

DPefining whal level ef climate change is “wlzmble” is a thomy guestion. Hewever, il is 1

uselul aliernative 1o cost-benefit framew orks ssessment of and

reauss il requires exphcit o
tradeoffs betwean mulli-criteria impacts. Elsewlere, Morgan, Kandlikar, Riskoy and |
have argued why cost benefit analysis and other decision criteria based on utilicy teury e

af limiwed applicability 1o the climate problem (in press).

Rights based approaches could Be defined i werms of thresholds of wlzrabilice, Towever,
universal inviolable thresholds are impossible w establish as each activity and rezion would
Bavee is owvn eriteria [03s wnlikely that o universal ¢limate change threshold can be defined
assuring the survival of all ecelogical svalems,

P tramslation of any threshold into a corridor of permissible trajectories vannot trzat tha

dierent clements ol this pro as baing independent of one another, or knewa with

cerlainty. Prospective contrel of emissions wwards meeting any elimate change zoal is o
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sequential decision-making process. There are many uncertaintics in cor kiow ledge ol the
socio-ceonomic dand comate sysiems, winch muhe ex anre controls unable o guevantee
taresholds heing respecied, The level of confidence in meeting threshalds can be increased

Larowgh hedging sirategy and risk aversion. but these are castly in erms ol welfare loss.

The tradenlf between the prekability of meeting climate change thresholds and the wellure
loss due to the mitigation policy has led some investigators to consider lurger “tolerable
windows™ of climate change. Thus, an arbitrnly larger windew 15 olzrted and lower
wiellune losses are suffersd in maeting these thresholds. Definition of this larger window
ienlves an impheil loss of rizhts for some ecosystems, in o tradeoff for lower wellare
losses. THis nobclear to me, why this acbitsary tradeolT is methodologically or morally

superior o beneliteost analysis.

Tradeotls across maliple crterin are the steck and trade of puliticizns — not coonemists,
Market vades we the stumping grounds of ecanomists —much of the impacts of climate
clamge will ke cutside the markeiplace. Tn cost-benefit analysis of climate change dillent
ppacts are valved (semetimes contoversially) and 1Lis ussumed that morey transfers cin
B sl W conpensiie various parties for meguitable outeemes from callective decisions.
By adopting a formal valopion and tradeefl approach, CRA sets a standard against wiich
TWA will be measared.

Fov those Bumliar with CBAL the adoption af a larger window simply to fazilitate a higher

chanee of observing 1ts limitations is arbitrary, The larger window will increase the

chinces that some nghts are preserved while explieitly aceepting the trampling of others.

In i sense this negates the contribution of TW appreaches by iivializing the wadeaft
precesses. We anly nead 1o recall the ditficulty Taced by EU member countries in aprecing
to revised natiomal abatement Lurgets afier COP-3 10 recognize the intricucics of political

tadealTs. Somehow, i less resirctive Lirget after Kyoto was not a simple lincar

interprlaion of the stricter negatiating position adopted before the Conlerance of the

[arties.

The process of defining o TW, involves the generation of information abowt muli-crilera
inpacts and thelr potential non-linear relationships o climate chinge and climate policy.
his informaticn is eritical 1o the politealidemeeratic process of collective decis on-making

and addresses the shorteoning of CBA in trivializing valuation acress and compensation

for impacts, Weare Car roan frcling an ideal steategy for addressing olimate policy
challenges, however with the additior o TW A we will be asking explicil questions often

anpliciiy assumed o be casy o answer inthe past.
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Figure L. A simple variant ol ICAM-3 s nsed o bere to generale DAL and control

tajectories for AT AT/ and Conteol level, In cach panel the L, thraugh 90t

percentile of oulcomes associated with pararmeter uncertainties in the medel e depicted,

Prospective control of COL emissions has o 25% chance cf exceeding a 230 AT threshoil
by 2100, aned a 3% chance of excecding the ATV, threshald of 0.015 “CYYE in the ey
decades of the 21t century. [ the secio-ceenamic system craves carhon., or il the olimate
nsitive 1o changed radiative balanee, the shadow price of carbon needsd o

eeds

SVSLENT I8 very s

meet the Gigels grows dramatically. In 107 of cases, the shadow price of carhon ¢
OO,
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Figure 2. A different structure of the energy econnmy meduls leads 1o a different set of

encrey use anc 0, emissions in tha BATT prejection (2. Consequently, e controlled

I

Lajeztory has o higher chance of exceeding the threshold 12¢). The BAU rute of
temperiture change has o higher probably of exceeding 004°Cive (2b). Finally. the

shadow price of carban reflects the implications of madzl structure varzdions on the

respansive of carbon use o ineervention, The upwant rend in 10th perceitile of

Mo

on shaderw prices hints atthe long tenn implicztions of different energy

enodules, Inthe short e however. it appears that parameter uncertainties dominae the

consequences of model structune uncertinties,
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4 Probalbiliby of Miti

wtion Leading to Kegional Wellare Losses = 207,

I"robability

Figure 4. When ¢

rol costs are Rogh, tere cun be significant 1nss of we

loss el wellire is cguivalent 1o the losses experienced by nations engaped
L suehvimes, porsnit of climate change mitigation policies me likely o he abandoned

mless greater losses from climate changs arg evi

e i 20%

1 IO Wars,
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