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Glossaries of terms, abbreviations and symbols

Annex | Parties: Annex| partiesarecommittedto adoptnationalpoliciesandtakemeasures
to mitigate climate change Annex | of the United NationsFCCC comprisescountrieswho
were membersof the OECD in 1992, countriesundergoingthe processof transitionto a
marketeconomy andthe EuropearEconomicCommunity.

Capital stocks: The accumulationof machinesand structuresthat are available to an
economyat any pointin time to producegoodsor renderservices.Theseactivities usually
requirea quantity of energythatis determinedargely by the rate at which that machineor
structureis used.

Climate: Climateis usually definedasthe "averageweather",or more rigorously, asthe
statistical description of the weatherin terms of the mean and variability of relevant
guantitiesover periodsof severaldecadeqtypically three decadesas definedby WMO).
Thesequantitiesare most often surfacevariablessuchas temperature, precipitation,and
wind, butin awider sensehe"climate"is the descriptionof the stateof the climatesystem.
Climate change: (UNFCCC usage)A changeof climate which is attributed directly or
indirectly to humanactivity that altersthe compositionof the global atmospherendwhich
is in additionto naturalclimatevariability observedvercomparabldime periods.



Damagefunction: The relationbetweenchangesn the climateandreductionsn economic
activity relativeto theratethatwould be possiblein anunalterecclimate.

Discount rate: The annualrate at which the effect of future eventsare reducedso asto be
comparabldo the effectof presenevents.

EmissionPermit: A non—transferabler tradableallocationof entitlementdy agovernment
to anindividual firm to emit a specifiedamountof a substance.

Emission Quota: The portion or shareof total allowableemissionsassignedo a countryor
group of countries within a framework of maximum total emissionsand mandatory
allocationsof resource®r assessments.

Energy Intensity: Ratio of energyconsumptionand economicor physical output. At the
nationallevel, energyintensityis the ratio of total domesticprimary energyconsumptioror
final energyconsumptionto grossdomestigoroductor physicaloutput.

Equivalent CO,: The concentratiorof CO, that would causethe sameamountof radiative
forcing asthe givenmixture of CO, andothergreenhousegases.

Fossil CO, emissions:This includesall anthropogenicontributionsto the netatmospheric
carbonbudget,exceptfor thoseclassifiedas associatedvith land—usechangeIn practice,
the contributionsare thosefrom fossil fuel combustion(including gasflaring) and cement
production.

GHGs: Greenhousgases

GDP: GrossDomesticProduct,the value of all goodsandservicesproducedor consumed)
within a nation’sborders.

GNP: GrossNational Product,the value of all goodsand servicesproduced(or consumed)
by all membersf a nation.

GtC : gigatonne®f carbon(1 GtC = 3.7 Gt carbondioxide)

[IASA: Internationalnstitutefor Applied SystemsAnalysis

Integrated assessmentA methodof analysisthat combinesresultsand modelsfrom the
physical, biological, economic and social sciences,and the interactions betweenthese
componentsin a consistentframework,to projectthe consequencesf climate changeand
thepolicy responseso it.

IPCC: IntergovernmentaPanelon ClimateChange

Marginal cost: The costof one additionalunit of effort. In termsof reducingemissionsijt
representshe costof reducingemissiondy onemoreunit.

Market—based incentives: Measuresntendedto directly changerelative pricesof energy
servicesandovercomanarketbarriers.

Measures: Actions that canbe takenby a governmenbr a group of governmentspftenin
conjunctionwith the private sector,to acceleratdhe useof technologiesor other practices
thatreduceGHG emissions.

Non—-market damages: Damages generated by climate change (or some other
environmentalchange)and that cannotbe evaluatedoy a competitivemarketbecauseof a
lack of informationand/ortheinability to acton thatinformation.

OECD: Organizatiorfor EconomicCooperatiorand Development

Opportunity Cost: The cost of an economicactivity foregoneby the choice of another
activity.

Optimal control rate: The rate of intervention at which the net presentvalue of the
marginalcostsof theintervention equalsthe netpresentvalueof the marginalbenefitsof the
intervention.

Policies: Proceduredevelopedand implementedby government(syegardingthe goal of
mitigating climatechangethroughthe useof technologieandmeasures.

ppmv: partspermillion (10°) by volume

Precautionary principle: When thereis a large or irreversible risk, the precautionary
principle implies thata lack of scientific certaintyshouldnot be usedasa pretextfor doing
nothing.



Regulatory Measures: Rules or codes enactedby governmentsthat mandate product
specificationsr procesgerformanceharacteristics.

Research, Development and Demonstration: Scientific/technical research and
developmenbf new productionprocesse®r products,coupledwith analysisand measures
that provide informationto potentialusersregardingthe applicationof the new productor
processdemonstratiorieststhe feasibility of applyingtheseproductsor processesia pilot
plantsandotherpre—commerciahpplications.

Scenario: A plausibledescriptionof how the future may develop,basedon a coherentand
internally consistensetof assumptiongboutkey relationshipsanddriving forces(e.g.,rate
of technologychangesprices).Notethatscenariosareneitherpredictionsnor forecasts.
Structural Changes: Changesfor example,in the relative shareof GDP producedby the
industrial, agricultural or servicessectorsof an economy;or, more generally, systems
transformationswhereby some componentsare either replacedor partially substitutedby
otherones.

Sustainabledevelopment: Sustainablalevelopments developmenthat meetsthe needsof
the presenwithout compromisinghe ability of future generationso meettheir own needs.
tC: tonnesof carbon

UNFCCC: UnitedNationsFrameworkConventionon ClimateChange

WEC: World EnergyCouncil

"When" and "where" flexibility: Theability to choosethetime (when)or location(where)
of a mitigation option or adaptationschemein orderto reducethe costs associatedvith
climatechange.

Summary

Climate change is representative of a general class of environmental issues where decision
have to be taken under controversies.The policy framework for these kind of decisions is
defined by three important traits: scientific ignorance, mediatization and the need for
innovation. Scientific ignorance is an issue here because decisions must be taken before the
end of scientific controversies about the predictability of future climate. Mediatization is key
because agents can’'t have a sensible experience of the global climate change, and some
interest—holders (future generations, distant countries) cannot participate directly in the
decision. Third, the need for innovation is crucial because today’s technology offers only the
alternative between fossil fuels and nuclear as a main primary energy source.

In the caseof climate change,the institutional contextis the United Nations Framework
Conventionon Climate Change.The making of global environmentalpolicy is framednot

uponan hypotheticalcodeof internationallaw (thereis no suchathing), but upona body of

doctrinearisingfrom consistenteferenceo a givensetof principles.Thekey principlesare

sustainability (satisfying the need of present generations without preventing future
generationsto satisfy theirs), precaution (ignoranceis not an excusefor inaction), the
commonbut differentiatedresponsibility(developeccountriestakethe leadin actionagainst
climate change),and economicefficiency (which leadto prefer flexible instrumentsover
blind regulation).

Given the scientific controversies and the fuziness off guiding principles, no clear—cut
demonstration could justify the choice of a theoretically optimum course of action, even in

the short term. Historically, climate negotiations can be seen as an oscillation between two
regulation modes. On one side is co—ordinated policies and measures, where countries adopt
an uniform international rate of carbon tax. On the other side is emission trading, where an
defined emission reduction target is allocated to each country.



1. Introduction

The outlook of the international agendahas fundamentally changedover the pasttwo
decadesGlobalissuessuchasnuclear hazardsacidrains,ozonehole andgreenhouseffect
arenow in the limelight andthe intrinsic characteristicof theseinvadingissuescreatethe
conditions for increasing implementation difficulties: threshold effects, high degreeof
irreversibility, all pervasivenesdyut essentiallythe radical uncertaintyaboutthe ecological
mechanismsactuallyatwork andeventhereality of dangers.

At the sametime, the economicandindustrial stakes associateavith ecologicalissueshave
becomemore and more obvious. Environmentis no longer only an externality that the
welfare—stateobligesagentsto integratein the nameof collective interest,andhasbecome
more a part and parcel of technological,industrial and economic strategies.Let us only
mention herethe demiseof civil nuclearprogramsin severalcountries,the global banon
ozone—depletingsubstancesthe use of environmentalnorms as protectionist tools, the
comparativeadvantagedbetweencompeting energy sourcestriggered by the greenhouse
effectdebate.

This topic paper examinessystem managementand policy framework for the climate
changeissueusingthreedifferent pointsof view. We first startfrom a generalpicture of the
way environmental policies happen when they have to be framed before scientific
controversieganberesolved.In the secondsection we examinethe normativeprinciplesof
intergenerationakquity, precaution,internationalsolidarity and efficiency. We finally go
backto a descriptivestancewith thethird sectionon the history of climatenegotiations.

2. Controversial environmental issuesand public decision
2.1.Uncertainties and sequentialpolicymaking

The specificsof global environmentissuesstem from the fact that policy—making "runs
ahead'"of the scientific knowledgeneededo inform that policy makingbecausef boththe
inertia of "natural machine"and the economicand technologicaldynamics. Waiting for
uncertaintyto resolve(the policy of doingnothing)is alsoa choice.

However,theview thatscientificuncertaintiesaloneareimportantandthattheywill resolve
naturally with time would be naive,aswe will discussin this section.In the debatesabout
the magnitude of global environment change and about the costs of coping with it,

uncertainties about innovation trends, consumption patterns, land use and economic
structuralchangeareeverywhere.

A problem of decision under uncertaintyis usually framedin terms of expectedutility
maximizationgiven a setof possiblebut unknown"statesof nature",a setof feasibleacts
anda setof impacts(seeDecisionMaking and Policy Frameworksfor AddressingClimate
Change). Thatclassicalmodelmeetsits limits whenit comesto emphasize¢he formationof
bifurcations(irreversibleor quasi—irreversibletrends)in technology becauseof lock—in
effects, in consumptionpatterns(connectionbetweenurban planning and transportation
patterns),in land—usepatterns.Moreover, alternative possible baselinesin development
patternsare ex—ante available, with very contrastedlong term impacts and the switch
between the one or other of these baselines being made for reasons unrelated to
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environmentapolicies.

An exampleof this uncertaintyfeaturearisesdebatingaboutthe nuclearversusfossil fuel
ecologicalcontroversy.This relatesstrongly to suchissuesasthe dangersof the enhanced
greenhouseffect,the overall limits to thermalpollution, andthe possibility of anotherdarge
nuclear accident. Besidesthe lack of scientific certainty that characterizesachof these
mattersriskswhich areimmeasurabléy naturehavenow to be takeninto account.

After the limitations of the expectedutility conceptthereis the issueof the multiplicity of

actors.Concernstowardsglobal environmentissuesdo not resultfrom a learning process
whereagentshavea directexperiencef a nuisancetherisk perceptions determinedoy the

way the warnings from scientific community are conveyedto public opinion and
policy—makersby massmedia. This is complicatedby earth sciencesnot being able to

provide uncontroversialanswersaboutthe incurred risks, by engineeringsciencesbeing
uncertainaboutthe potential of competingtechnologiesand by ethical debatesaboutthe

burdensharing.

The resultof any negotiationprocessdependsgconsequentlypn the powerof conviction of
the defenderof each technical(nuclearenergy, biofuels) or institutional project (taxes,
tradablepermit system,standardsandof its capacityto mobilize controversiesn technical
fields, economicsor ethics.Uncertaintybecomesa strategicspacefor actors.Then,because
of the fear of someforms of a dictatorshipover the shorttermin the nameof the long term
resultingfrom arbitrary technologicalor economicpolicies, the trap to be avoidedis to be
paralyzedy never—endingontroversiesmpedinga minimumconsensufor action.

In this context,the evaluationof environmenpolicies,which requiresthe useof complicated
IntegratedAssessmentnodels,aims not only at conveying information to policy—makers
aboutthe actualfeedbackdetweeneconomy.environmentand humanwelfare. It alsoaims
at co—ordinatingthe expectation®f agentshavingvariousworldviews groundedn various
interpretatiorof scientificknowledgeandethicjudgments.

These Integrated Assessmentmodels are or should be both knowledge tools and a
negotiationlanguagdor actors(seeEconomicand Policy Modelsfor Climate Change) and
(see Integrated Assessmentof Policy Instruments to Combat Climate Change):
clarification of whatis really at stake,coherenceanalysisof theimplicit assumption®ehind
argumentsdescriptionof unexpectecdconsequencesf a given policy. The methodological
issueis thento define sucha languagewhen the loosenesof parameterss too high and
whensomeof themaretoo influential ontheresults.

Relatedto this objectivethe difficulties of carrying out an agreedcost—benefitbalanceof

climate policies (or any multicriteria analysis)are easyto point out. Both the avoidedcosts
of environmentakchangeandthe greenhousgasesabatementostsare uncertain.To cite a
few critical parameters:energy prices and demandin baseline scenarios,timing of

penetratiorof backstoptechnologiestransactiorcostsfor removingthe barriersto negative
costspotentials side—effectof recyclingecotaxesevenues...

Fortunately,the precautionprinciple recognizeghe necessityto act without waiting for an
agreementabout controversial long term parameters.For both scientific and political
reasonsijt is necessaryo launcha sequentialdecisionprocessinsteadof searchinga once
for all optimized policy. From a normative point of view, this framing points out the
economic value of short term quantitatively limited actionsin terms of option value
(preventingthe bifurcation risks) and information value: to curb down GHGs emissions
todayprovides,for examplemoretime for gettinga betterscientificknowledgeanddrawing
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benefitsfrom technicalinnovation.From the decision—makingooint of view, the aim is no
more to searchoptimal decisions,but decisionstaken”on time": in many casesthe real
trade—offis betweerthe costsof prematureactionandtherisks of postponedction.

In termsof procedurakfficiency a sequentiatlecision—makingrocesgocusesonthesearch
of first stepagreementbetweenactorswho do not sharethe samevision of the long term
and value judgmentson the burdensharing.This is the contextin which conceptssuchas
"no-regret","double—dividend","joint—product" of globalenvironmenpoliciesmakesense.
In practice an efficient integrated assessmenshould help reconciling the kinetics of
ecologicalhazardspf scientific knowledge,of technicalchange of environmentakoncerns
andof political cycles.

2.2.Public decisionfrom policy optimization to controversiesmanagement

In the contextof controversiaknvironmentalssuespolitical stakesnay createthe needof a
decisionunderemergencyWhenit takestoo muchtime for scienceto explainphenomena,
the only meansto solve a crisis lies in a socio—technical solution basedon existing
technologiesand capableof reconciling political and economicinterestsinvolved in the
debateon the environment.The well-perceivedemergencyto take decisionsgn a contextof
environmentalndpolitical crisis constrain(edpothrhythmandcontentof choices.

The europearacidrain pollution illustratesthat aspectof the public policy decisionprocess
under controversieslin this case,regulations(engineemissionsnormsimplying the useof

catalytic exhaustpipes and fuel injection) were decided hurriedly in order to solve an

environmental issue(decliningforests health) without the backgroundof any scientific

well-establishedknowledge.Long after the decisions,the scientific communityis yet not

really ableto provide a satisfactorymodel of the phenomenoro the economicand political

decision—-makers.

As a matterof fact, most scientistshave given up all unilateral explanationsand consider
multifactorial approachesThe causescurrently studiedinclude permanentsourcessuchas
soil acidity due to atmosphericpollutants(usuallycalled acid rain evenif it includesdry
deposits),acid fog (for its direct actionon leavesand needles) photo—oxidation(PAN and
ozonedue to the anthropogenicemissionsof NOx and volatile organic compounds)and
someexceptionaklimatic eventssuchasthe delayedeffectsof the 1976drought,or the high
temperaturesof the 1983 summer. Finally some scientists put into question the

consequencesf someforestrypracticegespeciallysprucemonoculture).

The shortdecisiontime scalepreventsfrom following the classic"positivist" way that goes
from fundamentaknowledgeto appliedresearchandinnovationimplementationTechnical
solutions to environmental crises have always to be found in the available existing
technologiesnevitablyrelatedto the"trumps" preparedong beforehand.

Moreover, "clean technologies"consideredhere are not part of the classic categoriesof
innovation: thesecommandattentioneitherby loweringsignificantlythe costsof anexisting
serviceor by "inventing" a new servicedisclosinga "new" demand.Actually, production
costsare increased-a priori — by ecologically soundinnovationswhich do not bring any
new real benefit to the private consumer.Consequentlythe producercannotreasonably
expectto find self-maintainedmarketsfor depollutionor ecologically—soundechnologies
without bettingon nationalor internationaregulationdikely to occur.

Therefore from the standpoinf theindustry,the problemis not ecologicalbut theinverted,
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economicrisk. The invertedrisk canbe definedasa situationin which the industrial risk
generatedy the controversialsolutionto the environmentakrisis surpasseghe ecological
dangerln otherwords,the produceris obligedto takeinto accounta newenvironmentatost
category;it is neitherthe ecological costsnor the depollution costsusually discussedn
literature,but morefundamentallya strategicrevisioncost,i.e. the costof redefiningpartor
the entire industrial strategy: reorienting the "three-liters—car"innovation strategy and
adjustingto the catalyticexhausipipe constraint,rapid convertingto unleadedyasolineand
settingup of a doubleoil-distribution network,total freezingof the nuclearprogramin case
of anotheraccidentgetc.

Sincethe innovationpolicy of industrial groupsis generallyled by criteria which are quite

differentfrom environmentaéfficiency, their "normal” behaviorwill be:

* to try negotiatinga frameworkof newruleswhich minimizesthe adjustmentosts;

* to excludeanyanswerrequiringsolutionsgoing beyondthe stateof thearttechnology,

* to build, on the basisof the presentstateof knowledgean argumentationcapableto

legitimatescientifically this position; with therisk thatthe implicit prophecysupportingthis

argumentationturns to be defeatedeither becauseof the eruption of real environment
problemsor becaus@f politically moreconvincingimagesproducedoy competitors.

This suggeststhat there may be no rational processthat would allow the ending of a
negotiationto be ecologically efficient. It also suggestdhat the worse caseto be avoided
may be the generalizationof out of control disputeson the invertedrisk disregardingthe
environmentaissue.

On the whole, in a contextof scientific uncertainty,the environmentalissueis apparently
becomingusedasanargumenfor quite independenindustrialor energeticabtrategiesThis

instrumentalizations, in fact, linked to the "mediatization"of the environmentakrisis that

leads decision—makergo be argumentativetowardsboth public opinion and the political

sphereandto the necessityfor eachactorto rely, in the shortterm, on the existingavailable
technologies.

To bebrief, thesequenceanbeinterpretedasfollows :

1. Environmental issue is highlighted by scientists. Scientific uncertainty leads to
controversy.

2. Mediatization: environmentalcrisis is a communicationissue relatedto major social
stakes.Mediatizationof the incompleteinformation relative to major ecologicalrisk result
both in a mobilization of public opinion on thesetopics and, consequentlyjn the alert of
political sphere.

3. Instrumentalization: environmentis integrated as marketing argumentin industrial
strategies.

4. Then,thereis anenvironmenspecificinnovationprocess.

This sequenceintroducesa changeof temporality betweenthe first and the last phase.
Actually, aslong as an environmentalproblem may be consideredas securinga certain
amountof time to prepareanswersthis delay may favor self-comforting attitudeswhich

will leadto hastyreactionswhena crisis drawsnear.The mediatizationprocesdlictatesits

own political rhythmdrivenby short-termconsiderations.

The attemptat avoidingthis mediatization—instrumentalizatigorocesswould, probably,be
irrelevant becausethis would imply the possibility of a legitimate substantiverationality
which absencas actually highlightedby the crisis itself. But it may be interestingto try to
escapdrom the crisistemporalitydictatedby this processn orderto avoidtoo hastychoices
thatwould let no time for developingalternativetechnologicabrojects.The stakehereis the

7



oneof theregulationof contradictoryanticipationsof whatis the commongoodandto avoid
atoo hastyclosingof thecontroversies.

2.3.Summarizing the Policy Framework

In environmentalissuessuch as the acid rain issueor climate change,the structure of
relationships between economy, ecology and society share three important defining
characteristicspamelycontroversiesmediatizatiorandthe needfor innovation.

* ControversiesThe presentandfuture "statesof theworld" arenotonly largelyrandomand
uncertainbut controversedRandomnesand uncertaintyarelinked to the ideaof a learning
processbringing additional information and have beendealt with though the conceptof

optionvalue.In the configurationof "decisionundercontroversy" severalscientifictheories
are competing for describing the possible statesof the world and the assessmenbf

probability distribution. The key point of this group processs that decisionsmustbe taken
beforethe scientificclosingof thesecontroversies.

* Mediatization: the agentspreferencedor environmentare no more linked to a direct
perceptionof a stateof naturebut the resultof a mediatizationprocessn which scientific
community,expertsare involved. For example the level of concernin the face of acid rain
problemwas very low in WesternGermanyand mediatizationmodel better explainsthe
timing of the reactionsthan doesthe real evolution of the phenomenawhich is very slow.
The history of the acidrain concernis in factanarchetypeof a newrangeof problemswhen
the borderersof a motorway often protestagainstthe disamenitiesdue to the noise and
impose protection walls, but nobody would complain about ozone layer depletion or
greenhouseffect, without the warning of somescientistsandthe activity of journalistsand
politicians.

* Needfor innovation: The problemat stakeis lessinternalisingthe externalcostswith a
given technicaltool box by addition of depollution units, thanto play on the innovation
process.

Becauseno industrial commitment can be taken without a certain stabilization of the
decisioncontext(norms,laws, economicinstruments) and becausehis stabilizationcannot
be achievedwithout a minimum collective agreementon the controversies,thereis a
collective pressureo reducethis instability andto convergeon a subsetof theoriesableto
legitimatea minimumagreement.

The competitionbetweenscientific theoriesis then part and parcelof the strategyof each
economicactor. Actors look forward to a situationin which the agreements madeon the
theorywhich maximizestheir strategicadvantage€nvironmentecomes parametenf the
industrialstrategywith no guarantee¢hatthe commonagreemenbe ecologicallyfounded.

Becauseof thesereasonsthe reflection on the optimum institutional processfor dealing
with the economy/ecologynterfacecannotbe focusedonly downstreamassuminga well

shaped distribution of costs and benefits and a straightforward determination of the
cause/effectelationshipsThe cost-benefianalyzeshasthensomedifficulties for founding
collective action whenthe costsand benefitremainunknownand controversed¢hroughout
thedecisionprocess.

The institutional context partly determinesthe cognitive process,and at leastthe stateof
suspensiorof controversieswithin a scientifically non achievedcognitive processwhich
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will permitthe beginningof the collectiveaction.

3. Principles for managingglobal commons

In the caseof climatechangetheinstitutionalcontextis the United Nations.Formally,thisis

the United Nations Framework Conventionon Climate Change (FCCC) and Conference
of Parties. From a more generalpoint of view, the global environmentalpolicy is framed
not uponanhypotheticalcodeof internationalaw (thereis no suchathing), butuponabody
of doctrinearisingfrom consistenteferencdo a givensetof principles.

In this section,we examinefour key principlesexplicitely recognizedn the UN Framework
Convention on Climate Change, namely: sustainability, precaution, the common but
differentiatedresponsibility, andeconomicefficiency.

3.1.Intergenerational solidarity and timely action

Sustainability,broadly definedas meetingneedsof the presentwithout compromisingthe

ability of future generationgo meettheir own needshasmany interpretationsDeveloping
countriesstresson theright for sustainablelevelopmengoesmuchbeyondthe preservation
of naturalresourcesln this sectionwe will focusonanimportantaspecbf the sustainability
debatethe questionof inertiaandclimatepolicy timing.

Let us adopt temporarily the usual deterministic decision—makingframework. This is
equivalent to assumingthat we are certain of what constitutesa greenhousegases
stabilization level that prevents dangerousanthropogenicinterferencewith the climate
system.In a deterministicsetting discounting,inertia of economicsystemsand technical
changejustify that early abatementmay be proved less cost effective than abatements
postponedo furthertime periods,at leastfor targetsabove550 partsper million in volume

(PPMV).

Climate policieswill have consequencespon both the presentand future generationsand
any decisioncomespractically to a form of implicit or explicit weighting of the value of
eventsoccurringat different pointsin time. Economicanalyzedry and makethis weighting
explicit by usinga discountedutility functionfor comparingdifferentinter—temporaivelfare
distributions. This makesthe welfare lossesof given abatementostslower in the future,
and, consequentlya higher discountrate makespostponingaction more attractive. This
raisesthe questionof the appropriatelevel of the discountrate (see Equity, Economic
Discounting,and Cost—-BenefitAssessmentks

Socio—economisystemsareclearly characterizethy importantinertiain the sensehatrapid
changesof their evolution require far larger amountof efforts than smooth adaptations.
Recentdebateson economic and social inertia have extendedbeyond the question of
physicalcapital stock turnoverwhich spansfrom 5 to 50 years,dependinguponthe type of
equipmentonsideredTheyledto theideathatpartof the emissionslynamicss determined
by parameterdeyondthe energysectorandwhoseinertia may be far higher.Mark Jaccard
portraysthe greatdiversity of the sourcef inertiaby athreelevel hierarchyof the decisions
governingthe dynamicsof emissionsaandenergydemand:

* The end use equipment:For the selectionof equipmentusing energyin a more or less
efficient way, decisionsare madeby private agentsandthe turnoverof capital stockranges
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from a few yearsto two decadesAt this level the relative costof deliveringa given energy
service is the key criteria within informational constraintsand market imperfections
inhibiting the accesdo the bestavailabletechnologies.

* TheinfrastructureandindustrialequipmentsThis level is largely governedby centralized
public and/or private decision—makerslt encompasseshe buildings, the major transit
modes,and industrial infrastructure.The turnoverof capital stocksis measuredn decades
andeverydecisioninvolvesan amountof capitalwhosemagnitudeis far higherthanat the
end-usdevel. Exceptin someenergyintensiveactivities, energycostsis a minor decision
parametecomparedwvith, for example strategiccriteriain the industryor cost/speedatio in
thetransportatiorsector.

* Land-useand urban planning: This level is driven by infrastructuredecisionsand by
public policies which can either be explicit, i.e. urban planning, incentivesto an even
distribution of the human settlements,or implicit, i.e. subsidiesto mobility, or rules
governing tenants and landlords relationships. It determines greatly the growth of
transportatiomeedsandrelateddemandor fuels.

Beyond the turnover of capital stocks, inertia in the economic systemresults from the
interactions betweenthesethree levels. Final energy demandis driven not only by the
efficiency of the end—usesquipmentout alsoby structuralchangesn the productionsectors
(shareof energy intensive industries or as just—in—time production processes)and by
evolutionsin life stylesandin geographicatlistributionof humansettlements.

For example, the very architecture of the buildings determinesthe air conditioning
requirementsurbanforms determinenot only the transportatiomeedsbut alsothe relative
shareof travels madeon foot, on bicycles, by rail or by private car. The attraction of
activitiesaroundthe proximity of infrastructuresthe inducedinvestmentthe natureof skills
andtheamountof embeddednterestggeneratelynamicswhich arehardto curveovernight.

Most economicanalystspointedout the fact that acceleratinghe turnoverof capital stocks
would imply higher costsof climate policies becausdhe costsof prematureretirementof
existingcapitalstocksareto be coveredn additionto the costsof abatementechniques.

But inertia hasalso an oppositeeffect: the moreimportantis the inertia (it is reasonableo
anticipatethatreformingthe energysystemswill takeatleast50 years)the sooneronehasto
start. This is why the IntergovernmentaPanelon Climate Change(IPCC) statesthat: "The
choiceof abatemenpathsinvolves balancingthe economicrisks of rapid abatemennow
(that prematurecapital stock retirementwill later be proven unnecessary)againstthe
correspondingisks of delay (that morerapid reductionwill thenbe required,necessitating
prematureetirementof future capital).”

The balancebetweerboth theseeffectsis a matterof empiricalevaluationbutin a certainty
caseit could be arguedthat, givena 550 ppmvtargetfor atmospheri€CO, concentrationthe
balancemight not be very muchtilted in favor of earlyabatement.

3.2.The precautionary principle.

Reasoningn acertaintycaseignoresthatwe arenotlikely to knowin the nearfuture at what
concentratiorlevel dangerousnterferenceswith the climate systemwould occur, which is
the FCCC objective adoptedat Rio in 1992. The precautionaryprinciple statesthat, when
thereis a dangerof large or irreversibledamagejgnoranceis not a motive for inaction. In
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this sectionwe will first examinesomepotentiallylargedamagesheforediscussingnorein
detailthe effectsof irreversibilities.

Beyond scientific uncertaintieson climate dynamics, uncertaintiesendogenouso human
behaviormay alsoinfluencethe timing of action. Suddenchangesn public concernshould
be anticipatedfor many reasonsPastexperiencedemonstrateshat political life cyclesof
environmentalssuess not only driven by scientific discoveriesor symptomaticevents but
also by the necessarymaturation of the public acceptanceof new risks, by possible
mismanagemenbdf information, (e.g. the*mad cow” crisis) or by the combination of
political parameterssillustratedby the Waldsterbercrisisexample.

This is why IPCC alsostatesthat, “the challengeis notto find the bestpolicy todayfor the
next 100 years,but to selecta prudentstrategyandto adjustit overtime in thelight of new
information.” But to recognizefully this statement’smeaning,one hasto considerthat
uncertaintyis not only limited to the impactsof climate change,but also pertainsto the
economicof reducingemissions.

Uncertaintiesaboutthe baselinesocio—economiduture are aslarge as uncertaintiesabout
the climate system,andthis is all the more dangeroughatthe underlyingtechnicalsystems
arerigid. In transportationsectorthe loop betweendemandand supply patternsis so high
that inertia may lead to a lock in carbon intensive development patterns. Experience
demonstrateshat progressn the efficiency of oil-basedmotorshasbeenlargely offset by
reboundeffectssuchashigherdrivendistancesbiggercarsandincreasecompetitivenessf
road comparedo rail andwaterwaystransportationThis cansignificantly delaythe market
penetrationof low- and zero-carbontransport technologies.See (CO, mitigation and
adaptationmeasures)

Evolutionsin energydemandand technologyare intrinsically uncertain.Most of baselines
retainedn recentforecastingstudiesincorporateexpectation®f stableor steadilyincreasing
energy prices over the following decades.But theseare not fully supportedby recent
analysisof structural determinantsof oil priceswhich underlinesin particular the drastic
decreasef the costof new discoveriesMoreover,they do not capturepossiblebifurcations
in trendsin the transportationsectorover the long run which are conditionalupontoday’s
infrastructuredecisions.

To someextent,technicalchangeon carbonsavingtechniquessupportsthe ideaof belated
GHG abatementdf, thanksto inventionandadoptionof technicalinnovation,costsof these
techniquesdecreasalong with time, then technicalprogressconcurswith discounting:it
decreasetherelativecostof future efforts.

But the fact that mostavailablemodelingtools capturethis procesghroughan autonomous
technicalchangecoefficient may reinforce the common misperceptionthat carbonsaving
technical changeis a “Manna from Heaven” whose quantity steadily grows over time.
Consideringmore realistically the fact that technicalprogresss yielded by investmentsn
researchand developmentleadsto a different view becauset focuseson the timing of
requiredpolicy signals.

This is why the logical distinction betweerthe timing of abatemenandthe timing of action
mustbe emphasizedAbatementimplies investmentswithin a given technicalendowment.

Policy action, suchasa carbontax aiming primarily to induce low-costalternativesin the
future,is muchmorecomprehensive.

The combinationof CO, buildup irreversibility with unexpectedoad news from climate
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science could lead to a sudden accelerationof adaptationand mitigation policies to
compensata delayin abatemenefforts. Stabilizationof CO, concentratiorat 400 ppmv has
alreadybecomea goal difficult to defendin afull cost-benefitanalysis(althoughit canbe
notedthatthereexist severalconsistenglobal energyscenariodo this target).It will bethe
samefor 450 ppmvin acoupleof decaded presenemissiongrendscontinue.

The precautionarypolicy approachbalancesexplicitly the environmentalirreversibility —
increasingtoday the stock of pollutantimplies more effort tomorrow — andthe investment
irreversibility — the opportunity costof over—cautiougpolicies—. The first and mostrobust
insight of the analysisis that the critical factor is adjustmentcostsunderthe worst—-case
hypothesis.If the targetis 550 ppmv, then differing action until 2010 hasonly a modest
effect upon the optimal cost profile, but if the targetis 450 ppmv thereis a very high
supplementargostto waiting.

Thereis a “window of opportunity” for any concentrationtarget. Out of this window of
opportunity,we would thenfacethe dilemmaof choosingbetweeneconomicallydisruptive
policy measuresr faceclimatic changesvhich aretodayviewedasunacceptableAn earlier
mitigation action may increaseflexibility in moving toward stabilization of atmospheric
concentrationsf greenhousgases.

But the reverseis also true. It is still arguablethat, ultimately, damagesdue to climate
changewill be proven negligible evenfor an averagetemperatureincreasewell over 2
degreeC. Then,symmetricallyto the environmentairreversibility effect,aninvestmentand
technical irreversibility effect hasto be consideredwhich setsa braketo climate change
mitigation policies. It implies that waiting for more information will avoid the risk of
over—protectinghe environment.

The balance of these two opposed irreversibility effects is still an unsettled issue.
Conclusiongnay dependsignificantly on ideasabouttechnicalchangelf indeed,insteadof
being viewed as autonomousor inducedin a very flexible mannerby public policies,
technicalchangeis treatedasan autocatalyticprocessof learning—by—doingeconomiesof
scale,informationalincreasingreturnsand positive network externalities thenit caninduce
bifurcationsandlock—in processes.

Beyond a critical point, market forces tend indeed to reinforce the first choice in a
self-fulfilling processinsteadof correctingit. Seenfrom 1998, thereare severalpossible
marketequilibriain 2020,andseveralpossiblestatesof the world characterizedby different
technicalcontents.The bifurcationtowardsoneor anotherdependsiponthe early decisions
madetodayandon the presenexpectations.

For example,we can easily distinguishtwo very different equilibria in the transportation
sectorwith relatively similar total costs,but very different carboncontents:they can’t be
discriminatedtoday but the costsof shifting from the adoptedoneto the otherin the future
might be all the more important that the transition period is short. In sucha setting, the
technicalirreversibility effectmaybe higherthangenerallyexpectedn literature.

Anotherimportantcomponentof option valuein the contextof global environmentakisks
hasbeennameddependentearningby economistsA. C. Fisherand W. M. HanemannTo
guote them, it surely requires no algebrato show that, if the information about the
consequencesf an irreversible developmentaction can be obtainedonly by undertaking
developmentthis strengthenshe casefor somedevelopmentin otherwords,at the beach
onecan’ttastethe waterwithout wettingone’sfeet.
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Here againone hasto considersymmetricallythis effect on the environmentakide andon

the technologicabkide.LessCO, emissionsvould slow therise of the climatechange’signal’
overthe climatic naturalvariability ‘noise’. But this effect, which supportshe ideaof more
emissionsover the short run, may actually be very small. According to Prof. B. Bolin,

former chairman of the IPCC, implementing the Kyoto Protocol would only make a
differenceof 1 or 1.5 ppmv for the CO, concentratiorin 2010. Thatis to be comparedwith

theaboutl120 ppmvincreaseoverthe preindustrialevel.

Conversely emissioncontrol policiesarelikely to bring significantscientific, technicaland
institutionallearning.This is why in the caseof climatechangewe arguethatthe dependent
learningeffectis far higheron thetechnology-sideThis is anargumenfor earlierdecisions
which maynot havereceivediull attentionin climatepolicy modelsto date.

3.3.The commonbut differentiated responsibility

The commonbut differentiatedresponsibilitystateghatdevelopingcountriesshouldtakethe
leadin action. One of the likely deadlocksof climate policiesis that, underthe dominant
interpretatiorof the Kyoto framework,the rulesgoverningthe quotaallocationbeyond2012
haveto be clarified for embarking developing countriesin climate policies. "Until the
guestionof emissionrights and entitlementss addresseequitably,it [will] not be possible
to haveemissiontrading.". This requesby the G77 expresseboththe concernof developing
countriesto be excludedfrom the new technological markets provisionedin the Kyoto
protocolandthe impossibility for themto committo binding emissionlimits without prior
clarificationof therulesof thegame.In this section,we discusghe burdensharingissue.

Those who expectthat the Clean DevelopmentMechanism (CDM) will get round the
allocation problem should remind this blunt statementby the "father" of the concept
Estrada—Oyuelain 1998:"Though| facilitated approvalof this proposal,l did not like it.

My reservationwasthatthe CDM is considerecasa form of Jointimplementatiorbut | do
not understanchow commitmentscanbe implementedointly if only one Partyinvolvedis

committedto limit or reduceemissionsandthe otherPartyis free from the quantitativepoint
of view". This problemcanbecomeseriousif baselinedrom individual CDM projectsare
setwithout regardto thetotal emissionf greenhousegasin the countrywherethe projectis

located.

Beyondthis North—Southdivide, the entitlementproblemalsounderpinghe "supplementary
condition to the use of flexibility mechanisms"requestedby the EU. This condition
expressesindeed,the concernthat countriesusing thesemechanismdo escapedomestic
efforts may be embarkedn carbonintensivepathwaysandwill not acceptambitioustargets
for the next budget period. This dynamic inconsistencyproblem can be resolved only
throughtargetsettingruleswhich preserveshe environmentaintegrity of the framework.

In sucha context,the recommendatiofy the IPCC SecondAssessmenReportthat "equity
and efficiency should be separated”,however wise it is, is hardly operational. Indeed,
allocating emissionsgquotasamongstcountriesinevitably leadsto questioningthe linkages
betweerequityandefficiency.

Negotiating burden sharing rules in the real world confronts evidently with the non
observability and the uncertainty of some critical parameters.Hence, the operational
necessityof simplerulesrelying on observableparameterspopulation,wealth,energyuse.
Many of such rules have been proposedin literature. None of them hasan economic
legitimacyperseandnoneevenpretendto be a proxy of the first besteconomicrules. They
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translatea mix of political judgmentsbut they will not be aptto supportan agreemenbver
the long run if they leadto an outcomewhich will be viewed astoo costly and unfair by
someparties.

Theobviousstartis to examineper—capitdiguresusingthe presensituation.

Tablel presentgheallocationof aworld 10 billion dollarsbill amongcountrieson the basis
of the per capitaGrossDomesticProduct(GDP) allocationrule. This rule is that burdenis

sharedproportionallyto wealth. The referenceyearis 1997.We cometo the fact that both
individual expensesndtotal nationalexpensesre strongly differentiatedamongcountries.
Following this rule, eachAmericanshouldpay 10.3$for climate againstonly 15 centsfor

eachindian(a71to 1 ratio), eachEuropearshouldpay 7.6$(a 52 to 1 ratio with India) and
eachChineseonly 26 cents(a1.8to 1 ratio). Globally, OECD countriesdo contributeto near
four fifths of the overall effort.

Table 1: International allocation of a 10 billion dollar climate burden proportionally to per
capita GDP.

Evenif climateexpensesrebuilt on the basisof purchasingpowerparity GDP (figuresnot
shownin this paper),the discrepanciedetweencountriesremainwide. With this new basis,
eachAmericanpays8.2$ (17 times more thaneachindian), and eachEuropears.7$ (a 12
againstl ratio). OECDstill contributedo thethreefifths of the overall effort.

It is importantto note here that, althoughit is basedon an allocation of weightsin the
intertemporalutility function proportionalto wealth,the allocationrule we obtainhereis a
good translationof the common but differentiated responsibility of the UN Framework
Conventionon Climate Change.Had we useda more equitable weight distribution, for

instanceby giving eachagentthe sameweight, we would haveobtaineda costsdistribution
in which therichestregionwould financethe integrality of the public good,which might not

bethe mostefficient.

Beyondtoday’s per—capitafigures, it is critical to considertrendsand expectationsvhenit
comesto regulatingthe growthof CO, emissions.

Someempiricalresultsleadto the ideathatin therichestcountries,demographigncreasas
morecritical thanthe increasdn per capitaGNP. The intuition behindthis resultis that per
capitagrowth consistsmostly of dematerializedserviceswhich embedlittle greenhousegas
emissions.Theideais also supportedby the fact that only populationincreasecan explain
the emissiongrowth in the poorestcountrieswhich had negativegrowth per capitaover the
periodfrom 1985to 1995.

The link is lessappealingfor other areasof the world which are industrializing. Figure 1
shows that population growth and emission growth are positively correlated, although
countrieswhich areexperiencindargestructuralchangen the economyarewell awayfrom
stabilizationpercapita— in bothdirections.

Figure 1: Emissions trends vs. population trends, 1990-1996. Average population growth

rate (source World Bank) versus fossil fuel &missions variation rate (source WEC). In

1996, fossil CQemissions were: World: 6.51, USA: 1.75, EU 15: 0.96, China: 0.83, India:
0.22 GtC.)

Demographicshelps to explain part of the divergence between Europe and US initial
propositionsfor Kyoto. The US Bureauof the Censusforeseesone hundredmillion new
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inhabitantsin the United Statesbetween1996 and 2038, with a 32M increaseby 2010.To
datethe debatehasmainly focusedon per country ratherthan per capitaemissions hiding
theconsequencesf this particularpopulationeffect.

At currentper capitaemissionlevels, these32M US inhabitantscorrespondCO,-wise to
271M Chinese,770M Indiansor 75M EuropeansEven assumingannualvariation ratesof
per capita emissionsof —1% in the US and +4% in developing countries, thesefigures
remainsimpressivethe additionalpopulationin the US emitsasmuchas142M Chineseor
406M Indians.

It helpsto explains why —-15% seemsunrealistic and unachievablein America while
technically feasible and economically manageablen Europe, evenif static economic
reasoningwould suggestthe opposite:given the higher per capitaemissionslevels, many
low cost reduction opportunitiesthat have beenalready exploitedin Europemay still be
availablein America.

After per—capitdigures,we will explorea convergencescheme.

The hot issueof the climate negotiationsis the entry of non—-annexl countrieswithin a
binding agreementPer capita convergenceds possibly one way to involve non annex|

countriesin an eventual emission market without constrainingthem. We considerhere
short—termimplicationsof convergenceA convergenceoalis definedby the dateat which
per capita emissionsare supposedo convergeand the level of the commontarget. We
exploredtargetsin 21000r 2050,atlevelsgoingfrom 0.5to 1.5tC perpersonperyeatr.

Table 2 usesthe projectedpopulationandthe prescribedquotaper headto derivethe 2010
global and regional emissionquotas.Resultsare in the sameunits as targetsdefinedin
Kyoto: CO, reductiongelativeto thebaseyear1990.

Table 2: Implications for 2010 of a normative per capita linear convergence of fogsil CO
emissions.

Looking first at the global level, it is noticeablethatin 2010, the goal 1.5 tC in 2050is
broadly consistentwith the centralno action IPCC scenariolS92a: +42% emissions.This
would makeit difficult afterwardsto stabilizethe atmosphericCO, concentratiorat a level
of 550 ppmv (a level correspondingo the doublingof preindustrialconcentrationandover
which thetemperaturencreasecouldbejudgeddangerous).

Due to its softer slopeof decreasingemissionsper head,WesternEuropehasa prescribed
targetof —10%, while the USA are pressedo —15%. Howeverthe USA are protectedn the
sensethat the future population increasegrants this country more emission rights and
compensatetss higherrateof percapitadecreasémplied by convergenceAll otherAnnexl
countriesstandin between.The shorthorizon putsthe USA undera strongerpressureand
thelongerrun horizonfavorsmorethe USA thancountrieswith lower populationdynamics
(CentralandEasterrEurope).WesternEuropequotain 2010is moredependenbn thetarget
rangeat bothhorizon.

Keeping the 1tC convergencetargetat both horizons (2050, 2100) we now turn to non
Annex 1 countries:is the per capita convergenceprinciple consistentwith their growth
needsPossiblequotashaveto be comparedwith how much emissionsare expectedunder
different businessas usualhypothesesSucha criterion favorslow 1990 emittersper head:
SouthAsiaandSub SahararAfrica. Othersmight be neutral(Middle EastandNorth Africa)
or slightly favorableto the 2050horizon.
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Howeverin the caseof (1tC, 2050)the 2010index of +58% for Chinaand+64%for Latin
Americais not up to their economicgrowth expectations.Chinese1996 emissionswere
already +30% abovethesein 1990. Paradoxically,the relatively slower demographyof
Chinaup to 2010 (+27%) is putting at risk its favor to sucha purely per capita criterion
which would not take accountof past ecological debtsof Annex | countries. (seealso
Emission ReductionTargetSettinglssue).

3.4.Efficiency

In moderneconomicsglobal environmentarisk is often consideredasa classicproblemof
the "public good". This meansthat a private activity (the legal ownershipdoesnot matter
here)is implicitly allowed to "use" the environment,i.e. to take the risk of affectingthe
quality of public goods;this can be expressedn theoreticalterms as the attribution of
"primary property rights". Market economy operateswhen theserights are defined and
ascertainedwhennew standardsireenactedor the environmenbr otherfields, theserights
are really redistributed.This redistributionresultsin an institutional processincluding the
administrative,juridical and political spheresat various levels from local to international
authorities Firms,local andnationalauthorities aswell asgroupsof citizenscanbe affected.

Theoretically the allocativedimensionandthe distributionof both costsandbenefitsshould
be considered.Appendix 1 discussesn more detail the fundamentaldifference between
cost—-benefitversuscost—efficiencyanalysis(seealso Equity, Economic Discounting and
CostBenefit Assessment However,duringthe following decadehefocusmightremainon
how to minimize the costsof meeting the Kyoto targets. This is why in practice, the
dominantnegotiationanguagewill probablyremainonly in termsof cost.

However,the word "cost" is not without confusionin itself (see Generic Assessmenand
Costsof Responséstrategies). This is becausdhe conceptof costappliesto four scalesn
thesocialsystem.

1. At the scaleof the plant or the householdgood, technical costsfor alternativeenergy
saving technologiescan be known with confidence,in an engineeringperspective.This
corresponds,for example,to the difference in cost betweenan electric vehicle and a
conventionabasoline—poweredne.

2. At the scale of a given industry in a given region, sectoral costs associatedwith
alternativeregulationprogramscanbe computed An exampleof this would be the coststo
the electricityindustryasawholeto capCO, emissionsatits 1990levels.

3. Economy-wide costshaveto accountfor inter—sectorabndgeneralequilibrium effects.
For example whenanalyzingstricterthermalinsulationnormsin commercialbuildings,one
hasto accountnot only for the costto the landownersput alsofor the extraactivity in the
building sector.

4. Finally, social costsgo beyondthe economyto encompas®therwelfare objectivessuch
asemploymenbr health.Thesearevery difficult to defineandmeasurerecisely.However,
thiskind of costscannotbeignored.

This distinctionin scalesallowsto clarify somehowpolicy debate®n the no-regrefolicies.
Theseare defined as measureswhich will not be regrettedif, ultimately, anthropogenic
climate changeis provedto be harmless.Thereis no rigorous definition of the no-regret
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conceptandit will suffice,for the following discussionto notethata "no-regret"strategyis
possibleonly if the currentstateof economyis assumedo be locatedsomewherédelowthe
theoreticaproductionfrontier betweerconventionagoodsandthe quality of environment.

Initially centeredon the efficiency gapdueto marketimperfectionsin the energyfield (the
so—calledbottom—-upand top—downdebate)discussionsaboutno-regretwere extendedo
the environmentaldouble—-dividendexpectedrom the side—effectsof GHGs reductionson
otherenvironmentalssuesandfrom the economiadouble—dividendrom carbontaxes.

Environmentaldouble dividendsare also known as "ancillary benefits"of climate policy.
The issuewith naming reflects the complexity of the underlying question: policymakers
targetseveralobjectivesat the sametime andeachchoicehasimplicationson all of those.In
otherwords,everythingdepend®n everything.

Still, researcho datefinds ratherconsistentlythe resultthat reducingglobal pollution tends
to bring also local air quality benefits, but the oppositeis not true: local air quality
improvementsmeasuresnay use more energy,and thereforeleadto an increasein global
CO, emissions.

The abovediscussiomaboutthe detailsof whatis a costshouldnot be takenasa treehiding
the forest.Evenif therecanbe only very crudeestimate®f the costs,anorderof magnitude
estimateis basicallyall what policymaking needs An assessmertf short—termeconomic
consequencesf variouslong—-termCQO, concentratiorceilingsis possible:

Settingsucha ceiling at 650 ppmvis consistenwith global CO, emissionsaveragingaround
10 Gigatonsof Carbon(GtC) peryearduring the next century.Given that currentemission
levelis around7 GtC (moreor less1GtC),thereis no senseof urgencyfor this target.

Achieving 450 ppmv is consistenwith an averagecarbonbudgetof about6.5 GtC peryear
during the next century. This is lessthanyear 2000 actual emissions.Given the previous
discussionof inertia, little additional explanationss neededto understandhat immediate
actionis requiredto ensurecompatibility betweenthis targetand future demographicand
economicgrowth.

The numbersabovesuggesthatan ultimate objectivefor atmospheri€CO, concentratiorin
therangeof 450to 650 ppmv makeseconomicsenseTo seta morepreciseobjectiveseems
difficult. For example,the targetof two times the pre-industrialCO, concentrationlevel
retained by the EU before Kyoto to supportits position, and which governedat least
implicitly manythough—-experimentsefersto a CO,—equivalentevel of 550 ppmv. Experts
generallyagreethatthe target550 ppmv doesnot qualify adequatelythe ultimate UNFCCC
policy objectivefor variousreasons:

* Ambiguity: accountingfor other greenhousegases.the target could be interpretedas
referringto about450 ppmvfor thelevel of CO, alone.lIt is alsounclearwhether550is more
relatedto radiativeforcing, which mattersfor climatedynamicsor to atwo degreewarming,
temperaturdoeinga proxy for damages.

* Atemporality: thereare no seriouspolicy targetswithout timetables.This is all the more
importantthat the speedof climate changecommandsthe variability of climate, and that
increasedntra—annualand regionalclimatic instability is directly relatedto the occurrence
of extremeeventsn local ecosystemandeconomies.

* Uncertainty:surprisesarestill possibleregardingthe concentratiorievel andthe paceat
which globalclimatic non-linearitiesoccur,leadingto revisionof the ultimateobjective.
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Modeling exercisessuggestthat the idea of a long run GHG concentrationtargetapt to
prevent dangerous interference with the climate system, as phrasedby the Climate
Convention, should be taken with caution. This is the reasonwhy the IPCC Second
AssessmenReportstrongly advocatedhat climate policies mustbe framedasa sequential
process:one should not look forward to optimize the responseover the long run, but one
should try to find a flexible strategyaptto be modified in the light of new information
regardingclimateandtechnology.

From a price point of view, modelsshowthat a carbontax about50 to 100 dollars perton
could havea significant effect of the 10—-20 yearshorizon. Existing carbon sequestration
technologiesarein the 100—-200dollars perton range.As we haveseenabove,the orderof
magnitudeof carbonemissionsper capitain a developedcountryis a few tons per year.
Given the existing energy prices, such a tax would increase householdsenergy bill
significantly,but not to the point of doublingit.

Theoretically, in an ideal economicworld perspectivea carbon-taxshould be setat an
uniform rate acrossall countriessinceit aims at giving to every agentthe same"signal”
aboutthe potentialcostsof climate change(seeDomesticand International Emission Tax
Policies). In practice, one hasto accountfor many pre—existing distortions in energy
markets.

Side—effectsof an internally recycled ecotaxwere analyzedin greatdetail by literature,
someempirical macro—economicstudiesmainly in the Europeancontext concludingto a
positive double—dividendWorks from a theoreticalperspectiveshedsomedoubtsaboutthe
likelinessof sucha double—dividendbeingaptto offsetthe grosscostsof climate policiesif
all the generalequilibrium effectsof sucha fiscal reform areaccountedor. Hereis not the
place to enter into the details of this discussion but it is uncontroversial that a
double-dividendoccurswhenthe marginaldistortionaryeffect of a carbontax is lower that
thedistortionaryeffectof taxesto whichit is substituted.

This introducesa secondelementof heterogeneitypetweencountries’costfunctions.Many
europeancountriesfor examplefinance not only their public administrationbut also their
healthsystem socialsecurityandteachingsystemby raisingfundsfrom taxeslevieddirectly
or indirectly on wages,which is suspectedo be a causeof structuralunemploymentthe
fiscal systemis very differentin the US andin Japanasa practicaltranslationof different
views of socialorganization.In the sameway, the measurementf the distortionaryeffects
of pre—existingenergytaxescannotbe directly derivedfrom their observedevel: manyoll

importing countrieslevy indeedenergytaxesto achievepublic objectivessuchas security,
minimizationof shocksof tradebalancefunding of roadinfrastructure.

The consequences thattherecyclingof a carbontax createsa wedgebetweerthe grosscost
of GHGsabatemen(the sumof the costsof abatementechnologiespndthe netcostfor the
economy;determinant®f this wedgearecountryspecificandarenot aptto be homogenized
throughforeigntrade.

The Kyoto Protocolrecognizeghe limitations of a tax—basedmechanismsTogetherwith
guantitative targets, the Protocol contains several provisions for the use of ‘flexibility
mechanisms’ The most importantfacility is emissionstrading, see AbatementMeasures
and Tradeable Permits, and also Precedentsand Economic Implications of Tradeable
Permits. A second flexibility mechanismsis the banking—borrowing of emissions
allowances.Third, compensationdetweenpollutantsis possible,sincethe targetis on a
basketof six gases.For example,methaneemissionscuts beyondthe targetlevels could
partially offsetinsufficientreductiondgn carbonedioxide emissions.
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To facilitate eachcountryto keepwithin its emissionsassignmentthe Protocolalsoallows:
emissions trading amongst developed countries, the joint implementation projects in
developedcountriesandthe CleanDevelopmeniMechanismsn developingcountries.

In addition,the existenceof the so—calledEuropearBubbleleadsto openthe possibility for
other Annex B countriesto createnew ‘bubbles’ within which they can renegotiatetheir
assignmentghrough a political deal betweenGHG emissionsand other economicaland
political objectives.

The risk of too high economiccostsof a trading systemcan be limited by introducingan
upper cap to the price of permits, also known as a safety valve. This can be done by
provisioning an infinite supply of permitsis availableat the given cap price, for example
1508%/tC.

The safetyvalve may facilitate the commitmentto action.But the environmentakfficiency
of the systemis not guaranteedinderthis system.Therearetwo answersto that concern.
First, a capprice will existsin practiceevenwithout an explicit safetyvalve. It will bethe
expectedpenaltyfor non—complianceThis is becausean economicallyrationalagentwould
alwayschooseto pay a fine of 150%/tCinsteadof buying permitsat 250$/tC. Secondthe
policy objectiveshouldnot consideronly the environmentakfficiency, but total social cost
thatincludesalsothe effectsof abatemenmeasuresipontheeconomy.

Ontheotherhand,it is alsopossibleto implementin thetradingsystema lower floor for the
carbonprice. This recentpropositionmay contributeto addressoncernsabouteffectiveness
of a flexible emissionscontrol system.In effect, doing both confinesthe marketin a tunnel
betweerthefloor price andthe ceiling price. Sucha systemwould combinefeaturesof both
price—base@ndquantity—basethstruments.

Given the scientific controversiesand the fuzzinessoff guiding principles, no clear—cut
demonstratiorcould justify the choiceof a theoreticallyoptimum courseof action,evenin
the shortterm. In the nextsection,we turn to an historicalperspectivado understandoday’s
situationof the policy framework.

4. Historical perspectiveon climate negotiations

The history of climate negotiationscan be seenas an oscillation betweentwo regulation
modes Ononesideis co—ordinategoliciesandmeasuresyherecountriesadoptanuniform
internationalrate of carbontax. On the other side is emissiontrading, where an defined
emissionreduction targetis allocatedto each country. In this section,we describehow
negotiationsarrivedto the emissiongradingsystemanddiscussts potentialfor thefuture.

4.1.Before Rio: a quick start, then a failed EU initiative

Let us comebackto the emergencef the global warmingissueon the internationalpolicy
arenaandthe respectiverole of the US andthe Europeancountriesin this affair. Thereis,
indeed,no simpleexplanatiorof thereasonsvhy the US administratiorputit on thetableof
the G7 meetingin 1988.

Many parametershave played a role within the US political system:the pressureof
ecologistamovementsthe public sensitivityto climaterisks afterthe dramaticconsequences
of the 1987 and 1988 summersin the middle—west,the activism of the epistemological
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community in favor of the energy efficiency who wantedto transform this emerging
challengeinto a new opportunity. But this would probably neverhave resultedso quickly
into sucha consideratiorby top level officials without somemoregeneralconcernsoverthe
stability of oil marketsandits geopolitical implications. Climate changewas viewed by a
part of the US administrationasa possibletool for convincingthe US public opinion to
acceptsomeform of internalpolicy in theenergyfield.

Obviously,the geopoliticalinterestin the globalwarmingissuechangedrasticallyafterthe
gulf crisisandthe war againstirak, andto a lesserextentafterthefall of discoverycostsof
newreserves.

On the Europeanside, the dominant reflex was to frame the responsein terms of
internationally coordinatedtax. It appearedater that governmentsof somebig European
countries, officially supportive of this proposal, were not really ready to confront the
political difficulties of implementing it. North European countries (Sweden, Norway,
Finland,Netherlandspdoptedsmall carbonor carbonenergytaxesbeforeRio de Janeirafor
domesticreasonsput alsoto havea demonstratioreffect and facilitate the adoptionof a
harmonizedax within the EuropeariJnion.

It is alsocertainthat someof the department®f the EuropeanCommissionsuchasDG Xl
butalsoin partDG Il developeda strongargumentationn favor of a mixed carbon—energy
tax. Francehaving officially rejectedany form of quota approachproposeda very high
carbontax (around166 europeancurrencyunits) and Germanyhaving claimedits will to
supportan increaseof the fiscal burdenof energyusesthe roadwasopenfor the so—called
Rippadi Meneainitiative.

This initiative is to be understoodn the contextof the formationof the SingleMarketandin
the perspectiveof a uniquecurrency.The contextcreateda needof harmonizingpolicies of
the Europearcountries.Contraryto the energyfield, environmentvasoneof therecognized
areasfor common policies. Symptomatically,the EuropeanWhite Book on Growth and
Employment advocatedthe importanceof a synergy betweengrowth, environmentand
employment.

Theinternalconsistencyf the Rippadi Menneaproposalwasstrongandarticulatedseveral
levelsof argumentationypically representativef thelinkagesbetweernclimate policiesand
otherstrategiocobjectives:

* the prolongationof energypoliciesanddisciplinesadoptedduring the two oil shocks:the
invertedoil shockin themiddle of the eightiescould,indeeddiscourageany newprogressn
directionto energyefficiency andto carbonfree energysupply;would the periodof low oll
priceslasttoo long, the Europeancountriesmight be incited to comebackto the pre 1973
situation,namelya high fragility of theireconomyin caseof anewoil shock,

* strategidnterestsvis—a—visthe US: climatechanges anissueon which the US cannotbut
be on a defensiveposition becauseof a very high level of per capita emissionswhich is,
probably, non replicableall over the planet;to put a credible proposalon a world scene
would havetwo positive outcomeseitherthis proposawould be withdrawnin the exchange
of concessioron the hard discussiondor the building of the World Trade Organizationor
the proposalwould be acceptedand Europewould benefitfrom this first US effort towards
aninternaldisciplinein termsof fossil fuel consumption

* the possibility of taking advantageof this internationaltax to swapenergytaxesfor some
othertaxationandto yield a so—calleddouble—dividendof environmentabpolicies,in order
to protectthewelfaresocietyin anopenedandcompetitiveeconomy.

But, theformal Europearproposalwaswithdrawna few weeksbeforethe Rio EarthSummit
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without any attemptto impose it to the US and even without any attemptto use it

diplomatically asa symbol of a will to act. This withdrawal highlights one of the constant
difficulties to build a Europeanieadershign environmentahffairs,i.e. the gapbetweenthe

discoursest the elaborationstagein the Europearformal arenaandthereality of wills and
interestsof Europeaneconomic actors and political representativesvhen the time for

effectivedecisionapproaches.

This cannotbut raisethe questionof to what extentthe internal elaborationmechanism®f
EU policy are underminedby an unbalancedepresentatiorof interestsand visions of the
world which is revealedat the last minute, at the moment of truth when the apparent
consensuaboutgenerousdeasbreaksdown.

Someeconomicrhetoricwasvoicedagainsthe ecotaxapproachdistorsiondn international
competitivenessnon effectivenessof price signalsand theoreticalinconsistencyof the

double—-dividend.But this set of counter—-argumentsagainstan ecotax would not have
sufficed in underminingthe supportof the tax approachin the EU without the specific
intellectualand political conditionsinhibiting the emergencef pro—activealliancesin any
EU countryandbetweersomekey countries.

To sketchthe major determinantsof a EU leadershipover that time period, we haveto
reducea complex multidimensionalgameinto a setof key players.In principle, given the
lessonsof economicanalysisthe gameis rathersimple. On one side, the ministries of the
environmentandthe ecologicalmovementsandthe labor intensiveindustriesshouldbe in
favor of an ecotax.On the otherside, high energyintensiveindustriesshouldbe againstthe
tax. Thefinanceministriesshouldbein aratherneutralwait andseeposition.

In terms of countries, the positions were a priori clear: France, Germany, Italy and
Netherlandsverein favor of someform of tax approachwhile the SouthernCountrieswere
reluctant.Evenif this maybe contradictedby a generalequilibriumanalysisof thefeedbacks
of suchmeasureghe perceptiorby thesecountriesof their own interestwasthatto placethe
samelevel of taxationon eachcountry irrespectiveof their developmentevel and of the
emissiongper capitawould be inequitableunlesscompensatoryneasuresre acceptedthe
level of the commonecotaxis indeeda tangiblemetric of the marginalcostwhile thegeneral
equilibrium feed—backshoweverreal they may be, are intangible and appearonly in the
artefactsof economicmodels.As to the position of the UK, it wasto repeatedlyrejectany
compulsoryharmonizatiorof taxation.

In fact, the outcomeof this game was greatly determinedby the contrast betweenthe
loosenessof the official advocatesof the ecotax approachand the constancyof its
contradictorsThis contrastcanbe explainedby the following parameters:

* In many membercountries, finance administrationssupportedonly mildly the idea of
ecologicaltaxesfor two setsof reasonsThe first is the vanishingfiscal basishypothesisA
carbontax is indeedmeantto cut downits own basis.In fiscal theorya goodtax hasto be
levied on very inelastic activities both for reasonsof minimizing welfare lossesand for
reasonf predictability of the governmentrevenuesThis posturecanbe criticized on the
groundsthat energy consumptionis rather easily foreseeabldrom one yearto the other.
Also, anytax basisvanisheseyonda certainpoint: for example payroll taxesmay createa
disincentivefor employment,trigger a labor saving technicalchang; capital taxation may
provide incentive for relocation of activities. The secondreasonexplaining the lack of
supportfor the ecotaxwasthat finance departmentdave cultivatedthe ideathat taxesand
chargesdo not and shouldnot haveincentive effect, with few exceptionssuchastaxeson
tobaccoor alcohol. At the root, this position comesfrom the political necessityto block,
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from the outset,the multiplication of proposalsf fiscal basisunderthe pretextthattaxeson
this basismay havean incentiveeffectanda positive economicoutcomeover the long run.
Would any tax be justified on suchgroundsthis would makeit more difficult to imposea
minimumdisciplineon public expenditures.

* Model and analystssuggestthat a swap betweenan ecotaxanda labor tax would affect
adverselyonly 10to 15% of firms in the industry,dependingon the countryandthelevel of
transfergo nonwagerevenuesWhile mostof theindustrybenefitsfrom modestreductions,
thosehit face significant costsincreases.This raisesa negotiation problem. It becomes
impossibleto give creditto therepresentativesf thewhole of the industrialinterestin every
country. The winnersof reform may be far lessconcernedinformedandorganizedhanthe
potential losers. This imbalancein representationssue was all the more acute that no
provisionwasmadein thefirst versionsof the EU proposalto take someguaranteesgainst
ecologicaldumping.

* Moreover, the fiscal neutrality of the reform, which conditions the occurrenceof a
double—dividendwas not guaranteedn the eyesof businessrepresentativesThis lack of
credibility, grounded on concerns about the mismanagementof money by public
administration, was legitimated by two contextual features. First, the Ripa de Menea
proposaland the following discussionsraise a fundamentalproblem of competenceand
subsidiarity.If higherenergytaxeswere adoptedunderthe pressureof a Europearprocess,
therewould be no certaintythat the revenueof suchtaxeswould be recycledto achievea
tax neutralitybecauseucharecyclinghasto be underthe authorityof nationalgovernments,
not Europe.In otherwordsthe fact that no agreementand henceno commitment,could be
madeon thetype of recyclingfacilitatedthe caricatureof the ecotaxinto an additionalfiscal
burdenlegitimatedby environmentapretexts.Secondthis argumentvasreinforcedin 1994
by the occurrenceof the Maastrichtconvergenceriteriawhich determinedhe eligibility to
the Euromonetarysphere Thesecriteriacomprisedhe limitation of public deficitsto 3% of
the GDP andthe concernof the industrywasthatthis newsourceof revenuesvould be used
by the governmentso meetthesecriteriainsteadof decreasingublic expenditures.

* Politically, with a low—profile UK position, the successof the ecotax proposalwas
conditionalupona commonpro—activeposition of Franceand Germany.At this point, the
differencesin the perceptionof nuclearrisksin Franceand Germanyrepresente@neof the
big obstacletowardsa common approach.France suggested progressivecarbontax in
1991.Contrarilyto the Frenchapproachn favor of a purecarbontax, the Europearproposal
consistedof a mixed tax, sizedboth on the energycontentandon the carboncontent.The
purposeof this balancewasto accountfor a widely sharedconcernin Europeancountries
(andespeciallyin Germany)aboutthe shortandlong termrisks of the nuclearpower. This
centralpoint was continuouslycriticized by Frenchofficials. On oneside,somepro—nuclear
advocatesvere unpreparedo acceptthe ideaof a mixed tax, claiming that the problemat
stakewas global warming and nothing else. Technically,a compromisewas possiblesince
the mixed carbon—-energyax far from weakeningthe competitivenessf the nuclearenergy
resultedin a higher burden for the electricity produced by fossil fuels; moreover, a
compromise was possible around a share above 50% for the carbon content. But
ideologically this would havecometo recognizethat nuclearenergyis not environmentally
friendly andis the only responseover the long run. On the otherside, the anti-nuclearand
ecologistsmovementsn Francedid not supportthe governmentofficial position, asthey
suspecte@nimplicit encouragemerib nuclearpowereverywheren theworld.

Theseconflicts createda situationin which the French governmentsuddenlystoppedany
supportto the EU proposalone month beforethe Rio ConferenceOther membercountries
did not supportthe text further. This drop of the Rippade Meneaproposalpavedthe way to
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a specific solution in Germanyand in the Netherlandswhere the basic tool of climate
policiesin theindustrywould be thevoluntaryagreements.

4.2.From Rio 1992to Berlin: the diplomatic timing and the adoption of binding targets

In the absenceof articulatedeconomicproposalgo mitigate climate change the EU could

not pretendto exerta leadershighrougha demonstrativeeffectaptto forcethe USA to take
its responsibilityandto provide someguarantee$o developingcountriesthatthe challenge
wastakenseriouslyinto account.From a developingcountry perspectiveherewasno real

differencein the concreteproposalsof the threekey playersin the North (the USA, the EU

andJapan).This resultedin the unbindingcommitmentsoy countriesof the Annex 1 of the

ClimateConventiorto stabilizetheir emissionin 2000at their level of 1990.

Note that thesenon differentiatedtargetsare neither economicallyefficient nor equitable
given the huge discrepanciesn the emissionslevels per capitaor per value—addedn the
Annex | countries.But the unbinding characterof theseclaimed targetsfacilitated their
adoption, even by countriesvery reluctantto act and it was felt politically uselessand
dangeroudo launcha quarrelabouttargetswithout real consequencesver the shortterm.
This form of commitmentwas the only way to saveface in the absenceof alternative
proposalsaboutprice signals.This diplomaticfait accompli,in fact, framedthe future Kyoto
protocol.

Justafter 1992the possibility of anapproachin termsof co—ordinategoliciesandmeasures
(including carbontaxes)werenot ruled out. But it wasunderminedy contradictorypolitical
agendan theUS andin the EU.

In the USA the new democratic administration tried to impose an energy tax. Its
implementationvasblockedbecausef a waveof demanddor exemptionshy the industry;
this wave beingtriggeredwhenthe administrationacceptedsuchexemptiondor a very few
sectorsand had little ground to refuse other exemptions.But this type of perspective
remainedon the agendadespitethe political risks specific for the Americanreflex against
taxationand could have benefitedfrom a diplomatic pushby the Europeancountriesin the
contextof thefollow up of the FCCC.In otherwordsthe co—ordinategoliciesandmeasures
remainedn stand-by.

The alternativesolution,the useof emissiondrading systemswasincreasinglyanalyzedn
the US economic and businesscircles but with some ambiguities: for many apparent
supportersn the industry this wasto escapea tax systemandit was unclearthat industry
wasreally readyto acceptemissionscap. Moreover,the needfor flexibility (seeabove,end
of subsectior8.4 on Efficiency) wasincreasinglyarguedbut it wasunclearwhetherthe US
industrywasreally readyto supportthe settingup of internationaltrading systemsandwas
really convincedby the potentialsfor joint implementatiorprojectsin countriesin transition
and in the developing countries.In other words, the balance betweenthe two options
remainedvery unstable.

But duringthe sameperiodthe perspectiveof co—ordinategoliciesandmeasuregincluding

price signals)remainedin a paradoxicalsituationin the EU. Formally combatingclimate
changethrough this approachremainedthe sole strategy discussedwithin the European
Communityin the delegation®f the EuropearCommissionn chargeof climatepoliciesand

in the meetingsof the Ministries of the Environment. Beyond the strict climate policy

elaboration discussionsboutthe harmonizationof the excisetaxesasa good substituteto

theecotaxwerecarriedout activelyup to the Essenmeetingin 1994.
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At the Berlin conferencein 1995, the importanceof the wording of the Rio unbinding
commitmentsappearedThis Conferenceof Partiescould not but checkthat the Annex 1
countries were not on track to meet their claimed unbinding objectives. From a pure
economic viewpoint, the logical outcome of such a diagnosis might have been that
guantitativetargetsareineffectivein the absencef co—ordinatedoliciesandmeasuresand
that the Berlin Mandate should be to set up the rules for such an approach.The US
delegationwas apparentlypreparedo negotiateon this ground,but no real proposalabout
howto co—-ordinatepoliciesandmeasuresvasmadeby the EU countriesbecaus®f thevery
absencef anyprogressn thatdirectionatthe Communitylevel.

Then, underthe pressureof very active Non—-GouvernmentaDrganizationsand underthe
control of developing countries,the logical reflex was to ask the Annex 1 countriesto
transformtheir emissiongargetsinto binding commitmentsandto updatethemin function
of the emissionstrendsafter 1990 and of the new scientific evidenceof the anthropogenic
nature of global warming. As organizing country, Germany was at easewith sucha
perspectivesinceit minus25% claimedobjectiveput it on a stanceof moralandintellectual
leadership.

The US resistanceto suchan outcomecould not go to a diplomatic failure and the US
delegation decided to derive the better profit of the circumstancesby acceptingthe
inscriptionof bindingtargetsinto the Berlin MandatetowardsKyoto with theideathatsuch
targets would open the way to generalizedtrading systemsand joint implementation
mechanisms,the so-called flexibility mechanismsdiscussedabove. Part of the US
administrationindeed perceivedthat it would be politically easiestto make the climate
policy adoptedin the US under the rhetoric of trading systemsthat under this of
co-ordinatedpolicies and measuresvhich would, in whateverform, have incorporateda
carbontaxation.

4.3.Tentative assessmendf Kyoto quantitative targets

Kyoto targets,broadlyrecalledon Table 3, areinterpretedn very oppositewaysby various
stakeholdersin the US, the opponentgo any mitigation policy arguethattheyresultfrom a
pure political bargain and will entail dramatic costs for society; symmetrically, many
environmentahon governmentabrganizationseexpresghe concernthatthe adoptedtargets
may not be ambitious enoughto enforcea real precautionaryprinciple with respectto

climaterisks.

Table 3: Contemporary fossil G@missions (Mt C per year), after Bolin (1998).

Figure 2: Global CQemission pathways consistent with long—term stabilization of CO
concentration at 550 ppmv. The S550 and W550 trajectories illustrate two extreme attitudes
with respect to early action. The U550 curve illustrates a sequential decision—making
strategy. It assumes that the 550 ppmv target is only an expected value, to be revised in 2020
at 450, 550 or 650 ppmv ; and it minimizes the present value of reduction cost using the
DIAM model.

Figure2 compareghe CO, emissionstrajectory correspondingo the Kyoto targets(curve
labelledK) to differentstrategieproposedn thetiming debate.

First onecanseethatthe emissionKyoto profile is well belowthe referenceemissionprofile
R following the IPCC scenariolS92a. Note that this referenceprofile doesnot matchthe
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observedevolution for 1990-1995in Table 3: actual emissiongrowth hasbeenlessthan
describedn the1S92ascenarioBut ongoingrevisionsof the IPCC scenariosuggesthatthe
1990-1995ime periodmay be very specific(amongotherreasonsthe economiccollapseof
ex—centrallyplannedeconomieskndthat businessas usualemissionsfor Annex| may be
steadily increasingover the IS92 scenario.Thus, Kyoto targetsdo representa significant
departurdrom likely trends.

SecondtheK curveis alsowell belowthe W curve, definedby following the R pathuntil
2010and stabilizing CO, concentrationst the 550 ppmv level. Admittedly, thatW pathis
closerto an economically rational emission path towardsa 550 ppmv targetthan the S
trajectory. The latter is definedby using a inversecarboncycle modelto find the smooth
emissionpath consistentwith a given concentrationprofile leadingto stabilizationat 550

ppmv.

Third, the K curveis also below the U curveswhich representsan optimal precautionary
strategygiven that the ultimate concentrationceiling is determinedonly in 2020 between
450, 550 and 650 ppmv. This U curve correspondgo a subjectiveprobability distribution

weighingequallythethreeceilings.

This givesafirst interpretationof the Kyoto targets:the position of the K curve below U
curve suggestghat more weight was implicitly givento 450 ppmv thanto 650 ppmv, asif
policy—makershad retainedan option value for preservingthe environmentand accounted
for environmentalrreversibility, technologicaldependentearningandrisk aversion.In this
senseKyoto targetscanbe seenasratherambitiousandrevealinga real attemptto translate
aprecautionarapproachn thefaceof unknownrisks.

The concernemergesfrom many quartersthat globally, the Kyoto targetsmay not be
ambitiousenoughto significantly mitigateclimatechange Quantitatively,modelsimulations
illustratedFigure 2 tendsto demonstratehe contrary.Kyoto targetsare consistentwith the
option of staying below two degree Celsius global warming, and do not preclude the
possibility of shifting from an intermediate550 ppmv targettowardsa more ambitious450
ppmv targetwith reasonablecostsif future scientific information demonstrateshat sucha
shiftis required.

5. Concluding remarks

In conclusion,the distinction betweenaction and abatements critical to clarify policy
debatesAbatementcorrespondso quantitativeemissionreductiontargetsovera giventime
period,but a quantitativetargetis not a goodindicatorof the relevanceof policiesoverthe
long run. Immediate action correspondsto enhancedresearchand development,and
infra—structuralefforts. They contributelittle to greenhousgasesmissionsabatemenbver
the shortto mediumterm. But theseefforts are requiredin orderto be ableto abatemore,
fasterandcheapein thefuture.

At the aggregatdevel the Kyoto targetsarecompatiblewith precautionarystrategiesagainst
atwo degreeglobalwarming.Theywould trigger a shift towardslower levelsof greenhouse
gasesmissionswhich is aptto avoid passinga too heavyburdento future generationsThe
problem is not that the Protocolis not strict enough,it is that the Protocol may not be
enforcedatall.

Quantitative targets over the short and medium run are not a good indicator of the
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sustainabilityover the long run: the short—termKyoto targetsdo not assureany long—term
climate stabilization. Even if, technically, Kyoto targets could then be met without
investmentsinto low— and zero—carbontechnology researchand developmentand in
sustainabletransportation infrastructure development, differing these actions could be
unacceptablefrom future generations’point of view asit narrowstheir future response
optionsby increasingechnologicabndinfra—structurainertia.

If onelooks at the dynamicsbehindthe aggregatdigures, thereis no certaintythat, while

respectingtheir emissionsassignmentdevelopedcountrieswill not be trappedin emission
pathswhich will makeit difficult to adopttighter abatementargetsbeyond2012. Behind
what technically appearsas a dynamic consistencyproblem due to the dynamicsin rigid

sectorssuchastransportatioror housinglies in practicethe sensitiveissueof thelong term
innovation and of the evolution of life styles.If domesticpolicies and measuresare not
adoptedin duetime in developedcountries,the emergenceof GHG trading systemsmay
thencreatea maskingeffectwhich will endin afailure of climatepolicies.

Thisrisk is all the moreimportantthatthe entryof developingcountrieswithin the AnnexB

will be necessanafter 2012. Becauseof the non observabilityof emissionsbaselinesany
suchentry may generatea new wave of excessassignedamounts,resultingin low carbon
pricesoverthelongrunandin theabsenc®f incentiveto curbdownrealemissiondrends.

Therewere at the outsetof the ninetiestwo competing approachego climate negotiation.
The first wasto try and co—ordinatepolicies and measureswithout pretendingto setup
guantitativetargets;the secondwasto setup targets.The latter wasfinally adoptedbecause
it provided to environmental Non—-Governmental Organizationsan apparentlevel of
guaranteeof action, while avoidingin practicethe difficult debateaboutthe co—ordinated
policies and measuresBut the mix of medium term targetsand flexibility mechanisms
adoptedat Kyoto in turn doesnot guaranteghatthe ultimateobjectivewill befulfilled.

This considerationplus the difficulty of embarking developingcountriesinto the adoption
of quantitativetargetswithout assigninghememissionamountsabovetheir baseline should
leadto reconsiderfor the periodbeyond2012,anapproachn termsof co—ordinategolicies
and measuregincluding higher energyprices)asthe only real guaranteeof achievingthe
objectiveof the FCCC.Couldthis be donewithin the frameworkof the Conventionandthe
Protocol,sinceto re—negotiatat would certainly be politically impractical?Our opinionis
thatthe phrasingof the Protocolis flexible enoughfor this.
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TABLE 1

Note to the editor: This table prepared by M. Ha—Duong as part of EOLSS Topic paper
1.4.7 entitled Policy Framework and systems management of global climate change.
Copyright F. Lecocq and J.—C. Hourcade, reproduction allowed.

Population GNP Contribution
10 total per total per burden
1°$ capita 10°$ capita share
$ $

USA 268 7861 29364 2763 10,3 27%
EU-15 370 8034 21726 2824 7,6 28%
China 1228 916 746 322 0,3 3%
India 961 397 413 140 0,1 1%
Brazil 164 804 4919 283 1,7 2%
OECD 991 22333 22538 7851 7,9 78%
Non-OECD 4827 6110 1266 2149 0,5 21%
World 5818 28443 4889 10000 1,7 100%

Notes to the table:
Figures for 1997, monetary values in US dollars. Source Enerdata.



TABLE 2

Note to the editor: This table prepared by M. Ha—Duong as part of EOLSS Topic paper 1.4.7
entitled Policy Framework and systems management of global climate change

Population  CG, Fossil CQ emissions increase between 1990 and 2010
projectiort emissions consistent with linear per—capita convergence
1990-201Qper capita
in 1990
Convergence date: 2100 2050
Convergence level: 05tC 10tC 15tC 0,5tC 1,0tC 1,5tC
South Asia 40% 0,2 89% 164% 239% 131% 268%  406%
Sub Saharan Africa 76% 0,3 106% 168% 230% 131% 244% 358%
Other Pacific Asia 31% 0,5 34% 60% 86% 36% 84%  132%
Centrally Planned 27% 0,6 24% 44% 64% 21% 58% 95%

Asia and China

Latin America & the 38% 0,6 33% 52% 72% 28% 64% 100%
Caribbean

Middle East and 71% 0,9 57% 75% 92% 46% 77%  109%
North Africa

Worldp 34% 11 10% 21% 33% 1% 22% 42%
Western Europe 9% 2,1 -6% -1% 4% -18% -10% -1%
Central & Eastern 4% 22 -11% -6% 2% -23% -15% 7%
Europe

Japan, Australia, 8% 2,5 -8% -4% -0% -21% -14% 7%
New Zealand

Former Soviet 15% 3.4 -3% -0% 3% -18% -12% 7%
Union

USA and Canada 16% 51 -3% -1% 1% -19% -15% -11%

Notes to the tablePopulation and emissions data from scenario B, IASA/WEC (1995),

Global Energy Perspectives to 2050 and Beyond . "These numbers can be compared with

IPCC scenario: in 1IS92a global emissions increase by 42% over the same period, in scenario
MID550 by 18% and scenario WGI550 by 8%.



TABLE 3

Note to the editor: This table prepared by M. Ha—Duong as part of EOLSS Topic paper 1.4.7
entitled "Policy Framework and systems management of global climate change".

Base year  Observed Projecte&e
1990 1995 2010
European Union 949 936 -1% 873 -8%
OECD, except EU 2 086 2 254 +8% 1961 -6%
Former communist bloc 1311 925 -29% 1298 -1%
Annex | parties® 4 346 4115 -5% 4132 -5%
Non—Annex | parti€'s 1774 225 +25% 4 00A126%
World 6 120 6 340 +4% 8 139 +33%

Notes to the table:

a/ariation observed between 1990 and 1995 is not necessarily representative of trends at
longer time scalesFor Annex | Parties, projection is the Kyoto protocol target, not the most
likely outcome in a real-world scenari&or Non—Annex | parties, assuming a constant 4%
annual emission growth ratAnnex | parties means the countries which agreed to have
guantitative emissions limitation objectives in the Kyoto Protéioin Annex | parties

means the rest of the world, noticeably including China, India, Brazil. Percentages show
variation between the date considered and 1990.



FIGURE 1

Notes to the editor: This color figure is available electronically as figurel.eps (encapsulated Postscript) or as figurel.bmp
(bitmap rasterized to 512x512 pixels, 256 colors). Black and white rendering does not alter significantly the meaning of
the figure, so it’s okay. This figure prepared by M. Ha-Duong as part of the EOLSS Topic paper 1.4.7 entitled "Policy
framework and systems management of climate change”. Original copyright Minh Ha-Duong, reproduction permitted
according to the GPL 2.0.
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FIGURE 2

Notes to the editor: This black and white figure is available as figure2.eps (encapsulated Postscript) or as figure2.bmp
(bitmap rasterized to 600x450 pixels). This file prepared by M. Ha-Duong as part of the EOLSS Topic paper 1.4.7 enti-
tled "Policy framework and systems management of climate change”. Original copyright Minh Ha-Duong, reproduction
permitted according to the GPL 2.0.
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APPENDIX 1 : Cost-efficiency versus Cost—benefit analysis

Whether climate policies are determined under a cost efficiency or a cost benefit
framework changes the very nature of the question raised by allocation concerns:

a) under a cost—efficiency framework the question is "how to share equitably the burden
of staying below a given concentration ceiling ?". The focus is on the increasing
industrial and social cost of mitigation.

b) under a cost—benefit framework, the question becomes "to what extent is this optimal
damage consistent with equity concerns ?". Does this level meet more the interests of the
"poor" or of the "richs", or is it neutral to welfare distribution ? The focus is on the
(hopefully) decreasing total cost of the climate change issue, which includes both
mitigation costs and climate change impacts.

Given the uncertainties surrounding the consequences of global warming and the
difficulty of finding a credible appraisal of the resulting impacts in monetary terms, there
is a widespread reluctance to accept cost—benefit analysis in this field (see Appendix 1).
Alternative decision frameworks have been proposed such as safe landing, tolerable
windows, atmospheric GreenHouse Gases (GHG) concentration ceiling, which are all
variations on the basic cost—efficiency theme.

In the past decades, decisions on environmental issues were mostly discussed in terms of
cost—efficiency: given an environmental target, how to achieve it most efficiently? For
example, how to minimise the costs of phasing out Chloro—Fluoro—Carbons (CFCs,
depleting the ozone layer) or leaded gasoline? The consensus on the environmental
target was reached without computing formally that the health benefits of phasing out
pollutants outweights the industrial costs. That is to say, no cost/benefit integrated
assessment analysis was conducted.

This has also been the case in the early debates about global warming. There is a huge
imbalance in analysis between global assessments of the economic impacts of climate
change, which have been scarce, and analyses abouts the costs reducing greenhouse gases
emissions, where most of the intellectual effort has been focused.

This period came likely to an end because of the all pervasive character of the
sustainability issue and the fact that, contrary to the CFC, leaded gasoline or sulphur
emissions, there is no ready made technology apt to cope with problems such as global
warming, deforestation or biodiversity. When a large scale "environmentally friendly"
techology is available indeed, returns to scale reduce enough its expected costs for
facilitating an agreement given a minimum concern for environmental risks and a slight
"precaution premium" in public choices. In these case there is in practice no need for
sophisticated cost—benefit analysis; the critical difficulty is about managing transition
and lowering the costs due to the replacement of existing capital.

It would be misleading however to overstate the difference between cost-efficiency and



cost—-benefit frameworks. In the former indeed the environmental target is fixed
exogenously, but in the real-world, a trade—off will ultimately be made between the
costs and benefits of the chosen target. If the Conference Of Parties, that is the nations
united in negotiating a global climate policy, proposes an agreement implying a burden
exceeding the willingness to pay of some actors, it is likely that such an agreement will
not be accepted or, if accepted, will not be enforced.

The real difference between cost—efficiency and cost benefit frameworks lies then in the
fact that the latter requires a more systematic translation of climate change impacts into
the monetary valuation metric. ) . Alternative decision frameworks have been proposed
(safe landing, tolerable windows, atmospheric GHG concentration ceiling) which are all
variations on the basic cost—efficiency theme. In practice however, the dominant
negotiation language will probably remain in terms of cost—efficiency in the following
decade because of the focus on how to minimise the costs of meeting the Kyoto targets.

This file prepared by M. Ha-Duong
as part of EOLSS Topic paper 1.4.7 entitled
Policy Framework and systems management of global climate change



