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Preface

On February11-13,1992,_heMidwest 5801 South Kenwood Avenue,Chicago,Illinois
ConsortiumforInternationalSecurityStudies 60637;her telephonenumber is(312)753-8162.
(MCISS) and ArgonneNationalLaboratory(ANL)
sponsoreda conferencecalledGlobalClimate Argonne NationalLaboratoryisa multipurpose
Change: Socialand EconomicResearchIssues.A U.S.DepartmentofEnergy(DOE) researchlabora-
program and listofparticipantsforthisconference toryengagedinbasicresearchinthephysical,life,
areprovidedinSectionsVI and VII ofthis and environmentalsciences.Argonne conducts
document, technologyresearchinfission,fossil,conservation,

and renewableenergy,ltisoperatedby the

The MCISS isan organizationcomposedof tJniversityofChicagoforDOE, whichfundsabout
universitiesthatsupportgraduateprogramsin 80% oftheLaboratory'sresearchand owns the
internationalsecuritystudies,ltwas organizedin sites.An importantpartofANL's missionisto
1986todevelopa programofinterdisciplinary develop,construct,and operatefacilitiesforaseby
workshopsand conferencesthatwould encourage outsidescientists.Argonneactivelyencourages
interactionsamong pa1_icipantsand fosternet- jointprojectsand scientist.exchangeprogramswith
workingthatcouldleadtointerinstitutionslstudies universitiesand iv.dustry,includingCooperative
and projects. In carrying out its mission, the Research and Development Agreements (CRADAs),
ltqCISS has sponsored workshops and conferences on to speed the transfer of Laboratory-developed
various topics of concern to scholars stung technology to the public and private sectors.
security issues. These have included a series of Argonne science and engineering education
workshops on various aspects of national security programs provide students at all levels with
decision making in both the United States and the experience in current science and technology
U.S.S.R., on the ethics of low-intensity conflict, on research.
Congress and foreign policy, and on the role of
women in national security. Efforts have been The participation of ANL in the workshop was
made toincludeschvlarsfrom/_eldswhose work is supportedprimari]lyby theUniversityofChicago
relatedtobutnottraditionallyseenasbeing Board ofGovernorsforArgonneNationalLabors-
concernedwithsecurityissues.These fieldsinclude tory.The Board ofGovernorsincludes21 senior
history,sociology,anthropology,religiousstudies, executivesand scientistsfrom universitiesand the
and ethics.Inaddition,graduatestudentsare privatesectorwho overseethemanagement ofANL
included as full participants in each activity, under the chairmanship of the _resident of t_e

University of Chicago. The contract under which
The MCISS is managed by the American the University manages the Laboratory specifies

Academy of Arts and Sciences. Since 1987, it has that the responsibility of the Board of Governors
been supported by a generous grant; from the extends to cooperative research and educational
John D. and Catherine T. MacArthur Foundation. programs between the scientific and technical
With renewed support from the Ma_,_rthur Founda- community and ANL. To this end, the Board
tion in 1990, the MCISS expanded its field of sponsors various activities that bring Laboratory
concern to include security in the southeast Asia and tmiversity scientists together to address
context, the impact of military expenditures and problem areas that are of mutual interest and in
arms acquisitions on Third World security and which future cooperation may be appropriate. This
development, the moral role of scient_ists with conference explored such an area. Additional
respect to the knowledge they generate, *,he information about the Board of Governors may be
implications of the restructuring _f A_'.ern Europe, obtained from the University of Chicago, Office of
and international security and global climate the Vice President for Argonne National Laboratory,
change. Additional information about MCISS 9700 South Cass Avenue, Argonne, Illinois 60439;
activities can be obtained from Dr. Marian Rice at the telephone number is (312) 252-2500.
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Section I

Introduction
Dr. Joel A_Snow

Associate Vice President
forArgonneNationalLaboratory

UniversityofChicago

This workshop was designed to bring together a The resulting discussions may (1) identify
groupof.scholars,primarilyfromthesocialsciences, worthwhileavenuesforfurthersocialscience
toexploreresearchthatmighthelpindealingwith research,(2)helpdevelopfeedbackfornatural
globalclimatechange.The focusforthiseffortwas scientistsaboutresearchinformationfrom this
chosencn thebasisofan earlierworkshopthat domain neededby socialscientists,and (3)provide
examinedthepotentialeconomicand sociopolitical policymakerswiththesortofrelevantresearch
consequencesofclimatechangeand theco_Tespond- informationfrom thesocialsciencecommunity that
inginternationalsecurityimplications.In those iscurrentlyavailable.
discussions, it became evident that social and
economicresearchon climatechangenecessarily Some generalbackgroundisneededtoprovidea
dependson theevolvingunderstandingofrelated contextfortheworkshopdeliberations.The
physicaland biologicalphenomena and can offerat possibilitythatsignificantchangesinclimatem'_ght
presentonlylimitedinsightforpolicy.Translating inadvertentlyresultfromtheintroductionoftrace
complexand onlypartiallycompletegeophysical gasesintotheatmosphereby human activityhas
predictionsintoan arrayofpolicyoptionsthat beenknown forabout100years.Thispossibilityis
mightbe usefulfornationaland international by no means self-evident.Residuesfrom industry,
decisionmakingisa dauntingtaskthatischalleng, agriculture,transportation,and otheractivitiesof
ingon methodological,observational,and predictive societymay have severelocalorevenregional
grounds.Intheinterim,socialscienceresearch consequences,but theirimpactisusuallysmall
basedon existingdatacanclarifythemeritsand when comparedwiththevastnessoftheatmosphere
limitationsofproposedpolicyinitiativesand provide ortheoceans.Naturally-occurringphenomena,
a roughguidetotheirlikelyconsequences.Such suchas changescausedby theorbitalmotionofthe
efforts will require extensive interdisciplinary dialog planet or the interaction of the atmosphere and
within the research community, oceans, involve areas and energy flows that far

exceed those affected by man. For many years, the
To further that dialog and illustrate the state of watchwords for environmental man;_Lr,ement were to

present understanding, it seemed useful to focus "dilute and disperse" pollutants in the planet's
this workshop on three broad questions that are enormous natural reservoirs.
involved in coping with climate change. These are:

By 1970, systematic measmement_J of
• How can the mzticipated economic costs and atmospheric carbon dioxide (COs) provided

benefits of climate change be identified? convincing evidence that the concentration of this
gas was cumulatively increasing, roughly propor-

• How can the impacts of climate change be tional to worldwide use of fossil energy. The
adjusted to or avoided? increase was estimated to alter slightly the balance

between the net energy coming reward from the sun
o What previously studied models are available and that radiated outward from the earth,

for institutional management of the global Extrapolated over decades or centuries, this shift
environment? was then predicted to change the climate because of

the gradual warming of the atmosphere.

','q' ,l'_pe.... mpl,,'1lp "' _,
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Thisoutlineissimple,butthedetailsofboth meetingsleadingtothe 1992UnitedNatic,ns
theoryand measurement arecomplicated.The Conferenceon t._eEnvironmerltand Development
apparentconnectionbetweenfossilenergyuse and (UNCED).
futureclimatechangewas highlightedattwo
scientificworkshopsm Man'sImpacton theGlobal The continuingflc_wofnew _cientificinforma-
Environment(1970)and Man'sImpacton Climate tioncan.affectthelogicconnectinggreenhousegas
(1971).These workshopsservedas preludestothe concentrationsand climateimpacts.For example,
widelyattendedUn_tedNationsConferenceon the considersome oftheresearcltrepor_d on inthe
Human EnvironmentheldinStockholmin 1972. firstfotLrmonths ofIcJ_'2:
Thatconferenceheightenedworldwideawarenessof
globalenvironmeni_lproblemsand ledtothe • Data frolrsatellitemeasurement_ofcloud
formationoftheUnitedNationsEnvironment coverthathave becomeavailableallow

Programme (UNEP). The so-called"greenhouse estimatsstobe _ade oftheeffectofvarieus
effect"has been on theinternationalenvironmental typesofcloudsatdifferentheightson thenet
policyagendaeversince, radiativebalance.

A majorinternationalscientificefforttoimprove * Data on thegrowthorretreatofglaciers,
man's understandingofclimatechangeand its polarseaice,and othericemasseshave been
originswas subsequentlymounted. Scientistshave reportedon recently,sometimeswith
soughttorefinethecomputationalmodelsthat inconsistentand conflictingresults.
describe the effects of CO s and other radiatively
activegases,tounderstandtheglobalcarboncycle, ® Speculationcontinuesaboutthemechanism
and to expandtheobservationaldatabase.A major thatremovesfrom theatmosphere
scientificconferencewas evendevotedsolelytothe approximatelyhalfoftheCO s introduced
problemoffirstdetection,thatis,how todistin- eachyearby fuelcombustion.Recent
guish the greerthouse signal from the noise caused arguments have attributed almost half of the
by natural climate variability. Unfortunately, missing CO2 to uptake by the ocean.
nobodyhas a climatemeter,soclimatemust be
estimatedfrom weathermeasurements.The data * Changes inthesalinityoftheoceanare
arestillsoobscurethatno completeconsensus hypothesizedtohave cooledthenorthern
existson whethera distinguishabletrenddue to hemisphereiirecentdecades,possibly
greenhousegaseshas beenobserved,despitethe maskinggresnhousewarming.
confidentassertionsofsome scientists,which are
basedon therecentseriesofwarm years. _e IPCC scientificassessmentoutlinesfour

majorareasofscientificuncertaintyin climate
By themid 1980s,a seriesofstate-of-the-art prediction:clouds,oceanprocesses,greenhousegas

assessmentswas includedintheresearchprogram uptakeand transformation,and behaviorofthe
oftheU.S.DepartmentofEnergyin an attemptto polaricesheets,ltalsocallsforand describessn
synthesizetheburgeoningresearchliterature.More extensiveprogramofneededresearch.
recently,a massivemultinationaleffortcalledthe
IntergovernmentalPanelon ClimateChange (IPCC) Inviewofthise_tensivescientifice_fortand the
hasbeeninitiated.The IPCC isajointeffortof 20-yearhistoryofinterestininternationalregimes
UNEP and theWor]d MeteorologicalOrganization tocontrolgreenhousegasemissions,itisquite
(WMO) thathas pulledtogetherresearchersand surprisingthatmore effort,has notbeenexpended
researchresultson climatechangefrom acrossthe on a systematicanalysisofthenationaland
globe.Participantsincludegovernmentofficialsas regionalimpactsofclimatechangeand on thecosts
wellas practicingscientists.Severalhundred and benefitsofvaliousproposedcontrolmeasures.
expertcontributorsand reviewersdrawn from Discussionsofresearchthatshouldbe doneby
institutionsworldwideparticipa_dintheIPCC socialscientistsareincludedinrecent(1991)
scientificassessment.The work oftheIPCC has studiespublishedundertheauspicesofthe
provided input to serious discussions about limiting International Social Science Council LAFramework
greenhouse gas emissions that have been held in for Research on the Human D_mensions of Globa_
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En_ronment_l Change) and the National Academy is remarkable. The notion that the
of Sclera, es (Global Environmental Change" temperature rise and fall before and after
Understanding the Human Dimension). Sources of 1000 A_D. was due to variations in CO 2
significant fimding for such research have not yet concentration, and that such variation might
emerged, be due to human activity, would be equally

remarkable.

The complexity of the greenhouse problem may
well defy detailed rational analysis. A comprehen- Given the tmcertain availability of data about
sire model would require coupling a geophysical the timing and extent of climate change, the
model of oceans and atmospheres to a socioeconomic amount of confidence that can be attributed to
model describing energy, other greenhouse gas impact estimates is unclear. How urgent global
sources, population, ecr_mmic change, and possibly a warming should be on the agenda of international
variety of other soc;al parameters, issues is also uncertain. Many believe that

population growth -- which drives near-term needs
As a practical matter, the geophysical models for food, energy, resources, and economic

are very complex and require large amounts of development _ is far more central to environmental
computer time, and they still do not presently degradation than global warming, Local armed
include all the relevant physics. Nor do the models conflicts may take a far higher toll in human life.
produce results at spatial and time scales adequate
to satisfy those who need a geo-based data system At this point, it is reasonable to ask whether
thatcanusefullydistinguishpositiveand negative any attempttoundertakemajorpolicyinitiativesto
impacts.Also,geophysicalpredictionsgenerally limitgreenhousegas emissionsmakes sense.
availableusuallyprovideequilibriumvaluesof Nevertheless,thereseems tobe widespread
climatevariablesbutdo notdescribetransient agreementon thefollowingissues:
phenomena. Forexample,moderatelyreduced
averageprecipitation,consideredalone,mightnot * On a relativelyshorttimescale,an
be verysignificant.Ifaccompaniedby marked importantgeophysicalparameter(i.e.,the
seasonalasymmetry,itcouldleadtoseveredamage earth'sradiativebalance)isbeingaltered
totheagriculturalsector.Indicationsthat notby naturebutby man.
increasedaveragedailysummer temperatures
resultprimarilyfrom higherdailynight-timeIowa * The resultingchangescouldhaveprofound
have significanceforbothfoodproductionand peak impactson humans and othercomponentsof
electricitydemand. Furthermore,increasesin thebiosphere.
turbulentphenomena,such asseverestorms,could
be ofmore localsignificancethan areseasonal * Thesechangescouldbe irreversibleon any
temperatureincreases, timescaledeemed reasonableforconcerted

human response.
Underlyingconcernsaboutthevalidityof

climatemodelsremain. Forexa_:ple, • 'Innelikelihoodofsoonobtainingthe
Dr.PaulKenney,a participantinthe 1991 capabilitytomake trulyreliableand
workshopGlobalClimateChange and International believablepredictionsoftheimpactsand
Security,has observed: effectsissmall.

From 900-1000A.D.,theaverageglobal The need toactmay simplyoutrunthequantitative
temperaturewas 1°Chigherthannow (and basisfordoingso.
Iceland'scolonistsfounditwooded,with
relativelyice-freeharbors).The reasons Inresponsetothispoliticalimperative,there
why arenotwellunderstood,butthenotion may be worthwhilestrategiesthatarerelatively
thata simulationcan "back-cast"the insensitivetodetailedgeophysicalpredictionor
consequencesofearth-orbitvariations,even quantitativeassessmentsofbenefitsand costs.
when theverycomplicatedorbitaldynamics Such an approachisimpliedintherecentNational
arenotincludedas modelinputparameters, Academy ofSciencesstudy,PolicyImplicationsof



GreenhouseWarming,and may alsoserveother theUniversityofIllinoisatChicagoaddressed
desirableenvironmentalorsocialends. For economicissues.His applicationofbenefit-cost
example,inthenearerterm,growthingreenhouse argumentstotheGreatLakesregionprovidedan
emissionsmay be temporarilycurtailedthrough exampleofhow toestimatedistributedcostsand
subsidizing(ormandating)improvedenergyend-use benefits.Next,Dr.PeterMorrisettereviewed
efficiencyand useofcarbon-freefuels.Market adaptationand mitigationstrategies,paying
incentivesthatlimittropicaldeforestationmightbe particularattentiontothedifferentconceptual
found.Substitutionsforenergyuse,such as posturesthattheseapproachesentail.Then
telecommunicationfortransportation,mightbe Drs.MichaelMcGinnisand ElinorOstrom
encouraged.Each nationmightbe allowedto examinedinstitutionalissues,bringingfortha
chooseitsown way tomeet a greenhousegas substantialbodyofresearchon ways inwhichother
ceiling.(Recentpressreportsindicatethat common-use resourceshave beenmanaged histori-
technicalexpertsclaimthattemporarycapson cally,sometimesovercenturies.Commentators
emissionsarefeasible,evenintheUnitedStates). undertooktodiscusseachpaperas thefirststepin
Variousinternationalbodiesortribunalsthattrade a candidand free-flowinggeneraldiscussionofthe
globalwarming incentivesforothervaluesmightbe conceptsthatwerepresented.Each paperwas then
introducedm a policythatwould be equivalent,in revisedby theauthortoreflectthosecriticisms
principle,totheapproachestablishedunderthe deemed most cogent.Workshop participantswere
CleanAirAct. alsoinvitedtocontributewrittencomments,either

on a particularpaperoron a more generaltopic
Partofthereasonfortheinterestint_le thathad notbeen otherwiseaddressed.The next

greenhouseeffectisthatitservesas a surrogatefor threesections(II-IV)ofthisdocument containthe
a wholeclassofproblemsthatinvolveinternational revisedcorepapers,withappropriatewritten
cooperation,includingthesharingofresources,a comments appended.SectionV containsobserva-
respectforequityand integrity,and combiningthe tionsand comments ofa more generalnature.Drs.
effortsofmany towarda justresult. Marian Rice,HaroldJacobson,and Iservedassn

informalboardofeditorstoassemblethefinaltext.
Even thoughan elaborationofsuchexamplesis

notprovidedhere,itshouldbe evidentthatresearch Thisworkshopand theseproceedingscouldnot
isquiteurgentlyneeded,tobothdevelopthedetails have been completedwithoutthededicated
and explorethedesignsand consequencesof assistanceofmany individuals,including
politicalapproachesthataremotivated,inpart,by Drs.HarveyDruckerand TerrySurles,ofArgonne
thebroadimplicationsofgreenhousewarming. NationalLaboratorymanagement,and Dr.Don
Thisworkshop,in part,addressedthatneed. Hanson,whose groupatArgonne servedasthe

workshophostand who personallyoversawthe
The approachoftheworkshopwas topresent productionofthisdocument.Financialsupportwas

coreworkingpapersthataddressthethemesof providedtotheMidwestConsortiumforInter-
economics,amelioration,and institutional nationalSecurityStudiesby theMacArthur
management. First,however,an introductory Foundationand toArgonneby theUniversityof
framework discussion on aspects of knowledge about Chicago's Board of Governors for Argonne. The
climate change (not included here) was led by final editorial and production effort was undertaken
Dr. John Eddy, formerly of the University by Ms. Marita Moniger of Argonne's Information
Corporation for Atmospheric Research and now with and Publishing Division, who did a superb job under
the Consortium for International Earth Science often challenging circumstances.
Information Network. Then Dr. Richard Kosobud of
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section II

Workshop in Economics

The Problem of Climate Change
Benefit-Cost Analysis

Professor Richard F. Kosobud
University of Illinois at Chicago

Chicago, Illinois

1 INTRODUCTION unresolvedtensionbetweena focused,narrow,
quantitativeinterpretationand a broadinter-

Thispaperasksthe question:Couldbenefit-cost pretationofthebenefitsresultingfrom reducingthe
analysis,thetoolused inmainstreameconomicsto amount ofclimatechangedamage and ofthecosts
investigatecontrolofenvironmentalexternalities, resultingfrom abatingtracegas emissions.A
playa largerroleinthediscussionofpoliciesto narrowinterpretat_onisopentothechargeof
dealwiththegreenhouseeffect?For example,could neglectingmany more qualitativeaspects,and a
economiccalculationshave playeda largerrolein broadinterpretationisopentothechargeofadding
thediscussionsthathave centeredaroundthe 1992 numerous valuejudgmen_ totheanalysis.The
UnitedNationsConferenceon Environmentand chancethatmore attentionwillbe paidtoeconomic
Development(UNCED). The paperalso calculations-- evenifthereisno new scientific
investigatesthecausesofthislackofinfluence.Is evidenceon thesignificanceofglobalwarming-
ita resultoftoolittleresearcheffort?Resistance shouldnotbe underrated.Thereissome evidence

by interestgroups?Methodologicalflaws?In this thatthegrowinginterestinmarket-based
paper, I proD_ selected forms of benefit-cost approaches to climate change policy and to other
research, particalarly the critical discussions raised environmental control matters is a sign of increased
by this type of research, in an effort to suggest acceptance. Suggestions about research directions
where the chances of greater acceptance lie. are made throughout this paper.

The paper begins by disct'Lssingthe search for
an appropriate policy: optimal, targeted, or 2 OPTIMAL, TARGETED, OR
incremental. It then describ es the work being done INCREMENTAL POLICY?
in specifying and estimating climate change damage
relationships. A consideration of the work being What matters for anthropogenic climate change
done in specifying and estimating abatement (both is t/m worldwide atmospheric concentration of
mitigation and adaptation) cost relationships greenhouse gases, not rite distribution of their
follows. Finally, the paper ends with an examina- emissions by country or region. (Qualification of
tion of the search ibr the appropriate policy this statement is required for several gases that can
instrument. International and methodological differ in regional concentration; tropospheric ozone
concerns cut across these areas and are discussed in and methane are examples. The former driRs far
each section. The usual introductory explanation of from its metropolitan-area origin, _md the latter's
the greenhouse effect is replaced by relevant concentration differs little by area. so the
backgrom_d information at appropriate places, qualifications seem minor in a quantitative sense.)

What matters for the associated damages is the
This paper concludes that there seem to be a distribution of climate change -- temperature,

mtmber of reasons that benefit-cost results play precipitation, storm frequency, and the like -- by
only a limited role in policy development. A late country and region. For countries engaged in policy
start and resistance to action in an uncertain deliberations, it i_ soon apparent that no one
problem area are among them. There is an country can wisely act alone without considering
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how otherswillact;therefore,opportunitiesfor Givencertainconditions(tobe discussed
coordinationas wellas forhard complicationsarise presently)and theimpositionoftheoptimalcarbon
inthesearchforan optimalpolicy, tax,therewillexistatleastone setofeconomically

meaningfulnon-negativepricesatwhichproducers
and consumerswillmake consistentallocation

2.1 Optimal Policy decisions. Furthermore, at these equilibrium prices,
no reallocation that ali households will prefer will

Efforts at estimating an optimal policy such as be possible; at least one household will object.
those begun by Nordhaus (1991) provide an apt Finally, if the reader prefers a different global
illustration of the difficulties, and light, such Pareto-efficient allocation and can alter the
research can provide. For a market externality, distribution of goods, there is an equilibrium set of
specification and estimation of the relationships prices to give this preferred allocation. The
between social damage and abatement cost are unplanned or decentralized economy has led its
required; the point at which the marginal gains of participants, in theory, to the desired optimal end,
damage reduction equal the marginal costs of where the environmental externality has been
emission abatement determines the optimal degree internalized.
of emission reduction (or concentrations) and the
optimaltaxoremissionpermitvalue.FigureI is Beforeone discardstheresultsobtainablefrom
adaptedfrom theNordhaus studyand shows the thefundamentaltheoremsofwelfareeconomics,it

marginaldamage and CO2-equivalentcostfunctions iswortha pausetoadmiretheirdepthand
ibrgreenhousegas (GIIG)emissions, appreciatetheirvalueasa framework.Providing

usefulinformationforpo]icyrequires,however,a
As Figure1 indicates,ifallcountrieswereto closeexaminationofthephrase"givencertain

agreetoa Pigouviantaxon tracegasesof$3-$13 conditions."

(1980dollars)on thebasisoftheirCO2-equivalent
carboncontent(e.g.,$0.30-$1.30perbarrelof Parry(1991)addressedthequestionofwhether
standardcrudeoil),theexternalcostsofclimate theabsenceofuncertaintyintheneoclassical
changewouldbe internalized.I Thistaxrate growthmodel usedby Nordhausmade theoptimal
wouldreduceglobalCO2-equivalentemissionsby policytooconservative;thatis,wouldnottherisks
about15% and specificCO 2 emissionsby a few ofhighdamages,irreversibleimpactsofconcentra-
percentagepoints, tions,and adjustmentcostsjustifya more stringent

60-

._ 50- /Trees ,,COg/

= CFCs I / /40- /"i ...,/Ali GreenhouseGaseso f"
0 i J'_'3o- ,, //

I

8 2o-I ,,," ,/
"_,.. _ ,,.,__ .._ MediumDamage

'_ 10- .- _"
,./ , . , LowDamage

0 t...... --_-.''_--=_- " -
I I I

0 10 20 30 40
PercentageReductionoiTotalGreenhouseGases

FIGURE 1 Efficient Greenhouse Gas Reduction (Source: Figure 9 in Nordhaus 1991)



policy? By introducing a subjective probability lower the gross efficiency costs of a common carbon
distribution over damages and by introducing tax. Revenues from a carbon tax, if used to reduce
growth in trace gas concentrations, Parry used personal or corporate tax rates, present another
Nordhaus's model so modified to reach the similar opportunity (Goulder 1991).
conclusion that society must be risk averse to
warrant more action now (a higher tax rate) than in The deep attraction of the optimal policy search
the calculations of Nordhaus. is in its theoretical foundation: It creates incentives

for decision makers on microeconomic issues to do

Ayres and Walter (1991) examined another of what they do best m make cost-effective input and
the given conditions, the range of damage estimates consumption choices with all the information at
used by Nordhaus. Damage had been estimated by their disposal m and it allows decision makers on
using U.S. data on climate-sensitive industries macroeconomic issues to decide on environmental
operating under the climate change conditions goals. The value of benefit-cost analysis as a bench-
induced by a doubling of current CO2-equivalent mark toward which policymakers may aim should
concentrations and by then projecting the estimates not be underestimated. An tmderlying flaw could
onto the world stage. Ayres and Walter argued that well be that economists appear to be preempting the
there would be greater impacts from a rise in sea political role with their calculations.
level, that land in densely settled countries should
be more valuable, and that resettlement of a One alternative is to recommend that standards
possible 100 million refugees would be expensive, or targets for climate change policy be established
They increased the tax rate from $3 to $30, which by the political process, while the cost-effective
implies a reduction in emissions of about 23% (see attainment of these targets be achieved through
Figure 1). market-based approaches, wherever feasible

(Baumol and Oates 1988).
It seems clear that the burden of gathering

information and taking measurements necessitated
by relaxing only two of the given conditions or 2.2 Targeted Policy
assumptions required in the search for optimal
policy will be staggering. Moreover, Baumol and There are costs in giving up the pursuit: None
Oates (1988) have pointed out that nonconvexities of the problems are resolved by substituting targets
in the production set introduced by externalities for optimal goals, and the standards of scientific
(such as the greenhouse effects by which the output critique are weakened in appraising targets. The
of one industry can transmit, through nonprice basis for targets becomes more or less arbitrary in
effects%adverse impacts on other industries) can an economic or scientific sense, although possibly
make the optimality of estimated tax rates suspect, more attainable in a political sense. Targets are the
Convexity of preferences cannot ensure that tax stuff of political careers, and a number of targets in
rates can move the economy to a preferred position terms of GHG emission reductions have been placed
in these situations, on the international agenda by various govern-

ments.

The search for an optimal policy encounters
further, and perhaps graver, difficulties when it is The International Energy Agency (IEA)
placed on the international agenda. For example, publishes and updates a useful review entitled
proposing a global carbon or CO2-equivalent tax Climate Change Policy Initiatives, which
raises issues in international tax administration, summarizes the commitments and actions of
compliance, and resource transfer that are members of the Organization for Economic Coopera-
daunting. Varying departures from competitive tion and Development (OECD). The review revealed
markets creates well-known problems, including in November 1991 that 24 countries had made a
efficiency losses. The existing tax systems of commitment to climate change policy, all commit-
various count_ _es also differ, a fact that creates ments were in the form of emission targets. Four
strategic opportunities for some countries to gain countries had passed new fossil fuel taxes since the
advantage over others; the existing light taxation of start of 1990, but there were important exceptions
fossil fuels in some countries could enable them to in export industries (IEA 1991, Tables 6 and 7).
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Twenty of the countries established COs If damage estimates, uncertain as they are, do
emission targets alone. Most called for stabilization not seem to justify these short-term costs, is it
at 1990 levels by 2000 or soon thereafter, one called possible to establish longer-run targets that
for a 3-5% emission reduction, three called for a gradually become more constraining and that call
20% reduction, and two called for a 25% reduction, for policy actions well beyond the riext election? Or
Four countries, including the United States, set to establish sequences of policy steps that escalate
aggregateGHG targetsthatwere tobe either overtimeand commitfuturegovernments?Does
stabilizedorreducedon a COs-equivalentbasis;for the dangerofproposingtargetsthatsecurethe
theUnitedStates,thismeant a reductioninthe popularapprovalatthenego*Aatingtablebuthave
radiativelypotentchlorofluorocarbons(CFCs). littlechanceoffulfillmentundermineeffective
Many ofthesecommitmentswere made conditional climatechangecontrol?Do thesedangersdirectour
on othercountriestakingaction, attentiontootherformsforexpressingpolicy

control?
A dangerofseekinginternationalapprovalby

making targetedcommitmentsdetachedfromimple-
mentationproposalsorabatementcostcalculations 2.3 Incremental Policy
has been pointedoutby Schelling(1991).The
dangeristhatthetargetisnottakenseriously. A more engineeringtypeofappr,:_chtopolicy
Thisproblemwas broughtoutintherecentwork of objectiveswas proposedina NationalAcademy of
theEnergyModelingForum (EMF 1991),which Sciencesstudy(1991)on mitigationoptions.Some
asked 12 buildersofenergy-environment-economic definitionsmay be inorder.Mitigationoptions
modelstorun severalofthesetargetedemission covereffortstoreducegas emissionsorenhance
scenariosthroughtheirmodelstoestimatethetax sinks;adaptationoptionscovereffov'_stoadjustto
raterequiredtoachievethesereductions, them;and costsincurredineithercouldbe included

in abatementcosts.
The carbontaxraterequiredtostabilizecurrent

CO 2 emissionsby theyear2000 implied,on the Inthisapproach,an arrayisdrawn up ofnew
average,a taxofabout$50 pertonofcoaland of energy-efficienttechnologies,techniques,or
about$15 perbarrelofstandardcrude(allin 1990 practicesthatcouldreplaceexistingways and hence
dollars).Inotherwords,taxratesaboutequalto reducetracegasemissionsatlittleorno cost.
currentpriceswouldbe requiredforstabilization, Sometimes a negativecostisclaimed.The idea,
and a doublingoftheserateswould be neededfora therefore,istoplacethisaITayon theinternational
20% reductioninemissions.Note thatnone of agendatoseeifagreementcanbe reachedamong
thesescenariosstabilizedanthropogenicclimate allcountriestogo some way down thelistortosee
change;theypermitteda continuing,although ifpledgescanbe made toundertakesome ofthe
slowed,buildupofatmospherictracegas itemsintheexpectationthatothercountrieswill
concentrations, tmdertaketheirown --eacheffort,perhaps,

requiringequalsacrificeorachievingsome
These taxratesarehigh,perhapsbeyondthe proportionateemissionreduction.

realm ofpoliticalfeasibility.A fullappraisalof
thesecomplexmodelsand theiroutputsisa vast No precisetargetsneedbe defined.Some
undertaking;theexpected1992EMF reportthat agreementtomonitoreffortsand toascertainthe
willcomparemodelswhen comparablefuture effectofeffortson thebuildupofconcentrations
scenariosareimposedon them willbe a stepinthis would appeartobe important.A varietyofpolicy
direction.Among the12 models,tl_eoptimization instrumentsappropriatetoeachinstancecouldbe
models,whichcontainthemost detailedeconomic chosenand usedby participatinggovernments.
specifications,indicatethattargetsthatconstrain Illustrativeexamplesadaptedfrom theNAS report
emissionsinthenearterm willrequiretaxratesof areprovidedinFigure2 and Table1.
themagnitudejustindicatedorhigher.This
conchLsionaccordswithone'scommon-senseview Thisapproachmakes use oftheseriesofcase
thatimposingshort-runac_iustmentcostson the studiesdescribedas 'bottom-up"intheenergycon-
fossilfueland otherindustrieswillbe expensive, servationliterature.MitigationMethod I listedin
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TableI,forexample,includesdatafrominsulation, marketimperfectionsgivingrisetoenergy
buildingcode,heatingsystem,and lightingstudies inefficienciesbe Ibrmulatedas testablehypotheses?
ofresidentialand commercialbuildings.The net
implementationcostsarenegative,indicatingthat
presentpracticesinthesesectorsarenotefficient; 2.4 Summary Comments
themarketisindisequilibriuminthissector..The
mitigationcostcurveinFigure2 aggregatedover The searchforan optimalclimatechangepolicy
these methods start_s below the abscissa and rises to by means of benefit-cost analysis is only one of the
positive costs after reductions of 2 billion tons in flickering candles in a very dark room. To blow it
C02-equivalent emissions are achieved (25% of U.S. out because of its recognized limitations would
1988 COg-equivalent emissions). This mitigation heighten the risks of stumbling seriously on the
cost curve should be compared with the rising path to sensible policy. Yet it cannot be denied that
abatement cost curve of Figure 1, which is always in important problems remain to be resolved.
the first quadr_nt (or positive) and assumes choices
are optimal before abatement occurs. Neither curve The optimal tax rate calculated by Nordhat_s
reflects the external d,_nages of climate change, and the emission stabilization or reductions called

for in current proposals do no_ stabilize trace gas
The controversy over this approach is by no concentrations (and hence temperature change);

means assuaged by the issuance of a prestigious they slow them down. Is that what policy should
academy report. Questions have been raised about aim at? Given the fact that there are fossil fuels _n
hidden costs not accounted for in the curve and the ground in recoverable amotmts that would more
about the incentives required to install those than qusdrup_e CO2 atmospheric concentrations,
energy-conserving technologies that are not being should policy analysis provide guidance on a long-
undertaken at present, rm_ goal of temperature stabilization?

At issue in these debates is the importance of The matter 'is complex, but the difference in
effi_encystm_dards,education,and inibrmational consequencesbetweenshort-runand long-runpolicy
programswhen compared witheconomicincentives implementationwas broughtoutrecentlyinseveral
providedby taxesoremissionpermits.To the experiments.Figure3 was drawn fromresearch
extentthatmarketimperfectionsarebarriersto carriedoutatArgonneand theUniversityofIllinois
energy-efficientinnovations,economicincentivesare at Chicago.The toppanel,Panela,showsa
less effective than command-and.control regulation, business-as-usual (no greenhouse policy) global
Energyconservationistsargue:"Havingtheright projectionforCO 2 thatmore than doublesconcen-
priceishelpfulbut notsufficienttoachieveoptimal trationsby theyear2100. On thebasisofa
efficiencyimprovementsinthefuture"(Gelleretal. mathematicalprogramming modelthatpermits
1992). constraintstobe placedon emissionsand

concentrationsand consequentlyfossilfueluse,
Addressingclimatechangepolicyincrementally ScenarioA'was run holdingconcentrationsconstant

appearstoinvolvea longseriesof stepstoreduce after2100.A differentscenario,Scenario& was
emissionsby energy-emcientmethods,many of run holdingannualemissionsconstantafter2000,
whichareclaimedtohave negativeimplementation as somany proposalsadvocate,Note thatboth
costs. These steps would apparently require an Scenarios A and A' result in the same CO 2
extensivekitof policytoolstoalterperceived concentrationnear2100. In A,but notinA',
marketimperfections.The followingquestions concentrationscontinuetobuildup after2100.
arise.How cantestsbe constructedtodetermine

theactualeffectivenessofparticularsteps?To The implicationsoftheseconcentration
determinetheirfi_llimplementationcosts?How scenariosforemissions,therateofchangeof
shouldsucheffortsintheinternationalareabe concentrations,isrevealedin themiddlepanel,
negotiatedand monitored?Shouldcreditbe given Panelb. Scena]ioA'emissionsfollowthebusiness-
to a regulatory measure for an innovation or to a As-usual emissions closely up to the year 2030,
correlated OPEC price shock? Can ideas about which implies relatively little impact on the fbssil
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either tax rates in a competitive world or,
_.m ...... _ ................ equivalently, emission permit prices in a world of
_. certainty. To accomplish the goal of stabilizing

emissions by 2000, a carbon tax that works out to

!u_. _ * be more than the current price of oil or coal (U.S.

_. prices) is required. The rate declines a bit in the
next century as the economy adjusts tc the shock.

m. To accomp'lish_hegoalofstabilizingconcentrations
mo. _ ............ by 2100 bt,t permittingtheeconomy toachievethat

goalinan optimalway (byemittersequat_v__
,,_ _ _ m4o _o too z_w 2_w marginalabatementcostsovertime),a taxrate,,or

permitprice,thatstartslow and riseswiththerate

m.. • ................... ofinterest(5% inthisexperiment)isrequired.,,J _--__ I So_n,,o A'would be preferred and welfare

I were the maior lector in induced climate change. If
the rate of chm_/_e oi"concentrations or total damage
borne were the major factors, Scenario A could be
preferred. An important question for atmospheric

s_entists to address is the following: Which f_ature
....' " '.....' - •'......'......! oftracegasbuildupismostimportantininducing

climatechange:thelevelofconcentrations,therate
m.. ...... , ___._. , . ._,._.,__ of change, or _v sum of past concentrations? There

I m __ # is little evidence that starting with modest policy
mo //_ _ measures such as those in Scenario A' that escalate

over time exacts a penalty in climate change. The

,_0 ;.__' follow-up question for s,.ia] scientist_ is this: _,.at

features of climate change have the la_est damage
lo0 impacts?

Another key issue concerns the cooperation or
• _ , ..... , " 7 . ._ , -- conflictthathas,and will, ensueininternational

_,,0 z_ _ 2o4o zm mm 2_eo _m negotiations over a coordinated policy, if one is
v,_ attainable. Developing countries have argued that

• the developed countries have caused the problem, at
FIGURE 3 Mathematical Programming least to the present time, and ought t_ bear the
Projections of COs Concentrations, Emissions, heaviest burdens. If that argument does not carry
and Permit Pricee (Source: Koeobud et al. enough weight, developing countries can threaten
1991) that in the future, with economic growth, they will

be major emitters, with the upper hand in
bargaining. Something like this may be in the

fuel industry. Scenario A' emissions remain above minds of those Chinese economists of the Peoples
those of Scenario A until 2060, then they diminish Republic of China whom I have met and who
totheratethatstabilizesconcentrationsand professa greatinterestinthegreenhousetopic.
ultimatelyaverageglobaltemperature.

Yet thedamage estimatesthatarebeginningto
The bottompanel,Panelc,isa preliminary accumulateindicatethattherewillbe wideregional

explorationofthepolicyconsequencesofaimingfor differences,resultinginwinnersand losers,and
thesetwo differentobjectives._I_eprogramming thatsome developingcolmtriesand notthe
model enablestheresemchertcinterpretthe developedcountrieswillbe among thepotentia]big
shadow pricesofconstraintson CO s emissionsas _ losers.Changes insealevelarelikelytothreaten
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Indonesia and Bangladesh, which have long and producer or consumer, independent of his or her
occasionally low-lying coastlines. Agricultural input or shopping decisions.
impacts are likely to be more impol_ant in
developing economies. In sum, the bargaining cl-,ps Admittedly the above framework does not tell us
may alter in the future. Policy research in this area which producers or consumers are sensitive to
has just begun, climate variables or how exactly to go about

measuring the impacts. It is, however, suggestive
in pointing toward an ordering of activities,

3 THE SEARCH FOR CLIMATE CHANGE industries, and systems by their climate sensitivity.
DAMAGE RELATIONSHIPS It also suggests that decision makers on micro-

economic issues may be able to find adaptive
The benefit-cost method has its own scissors strategies to lesf_en these impacts once they are

analogy: The blade of the damage reduction must aware of their coming. Finally, this framework
fit with the blade of th_ abatement costs in order to plair_ly indicf, tes that efforts to adapt to or mitigate
cut the externality knot. The difficulty has been climate chs_lge will have costs, so that reducing
that in one environmental study after another, such change to zero is unlikely to be optimal.
economists, with their measurement practices, have
estimated damages that seem to warrant little, if
any, policy action. There is a puny or no dbmage 3.2 Bottom.Up or Top-Down Specification?
blade at all. z Many environmentalists have
protested that the estimates are t_'_ narrowly This distinction is becoming a battle cry among
focused and too small; many affected industry climate change researchers, but in this application,
groups have protested that the estimates are too few blows need be struck. Top-down refers to a very
large. This issue is emerging, among others, in the aggregate damage specification that some builders
policy analysis of the impacts o'_:the greenhouse of energy-economic-environment models have used
effect, to study optimal tax or permit pricing under alter-

native scenarios. Work in this vein is underway at
Sp6cifying the relationship seems straight- the Electric Power .Research Institute (EPRI).

fbrward; estimating it is not so easyw In this Nordhaus has specified a linear relationship for the
section, I examine the top-down and bottom-up Argonne lineal programming model, on which
approaches to specification and the difficulties research is now underwp.y.
encountered in obtaining estimates with both.
Several specific estimates will be presented for These damage equations are specified as
discussion, one being the result of an effort to constraints in these models, so that activities giving
estimate damages for the Great Lakes :egion. It is, rise to trace gas emissions (fossil fuel use giving rise

of course, self-servil_g for a researcher to call for to COs emissions in the two models cited) are
more studies, but in this area, too long under- charged for the damages. These charges raise the
funded, I make t_hecall in good conscience, prices of fossil fuels, for example, to a point in each

time interval at which the marginal damages
generated by the damage equation are equated with

3.1 An Economic View of Impacts the marginal abatement costs of reducingD or
substituting away from, fossil fuel use. The charge

In principle it seems simple: All one has to do is a shadow price, tax rate, or pel_nit price of an
is specify the micro-production functions and optimal policy path, providing one belie_res the
consumer utility functions and il_clude in them a damage relationship.
vector of climate variables. Increased trace gas
concentrations affect the climate vector, which then The equations are highly aggregated and meant
may or may not affect producer outputs and to be suggestive; they typically make a discounted
consumer welfare. To the extent that climate has damage scalar depend over time on global or
an impact, one obtains the externality of a reduction regional gross national product (GNP) per capita,
in output or a reduction in the satisfaction _ a the change in CO2 concentration (or temperature),
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and _erhapsa separatepopulationvariable.GNP, categorieslisttheactivitiesand sectorsIjudgedto
likepopulation,isa proxyforvulnerability,and be themost sensitiveinthefive-statearea(Illinois,
CO 2 concentrationchange(ortemperaturechange) Indiana,Michigan,Wisconsin,and Ohio).4
isa proxyforthevectorofclimatevariables
impactedby thegreenhouseeffect. The estimationmethod_ ofTable2 are

straightforwardbutbasedon stron_assumptions.
' The IPCC (1990b), adopting a wider frame of The economy of the region is projected to be bigger

reference for climate sensitivity than the in 2050, but grows more slowly than in the past 50
economist's usual view, prepared a list that began years, lt has, however, _he same sectoral structure,
with agriculture and forestry, then included natural which means that agricultural and hydrological
terrestrial ecosystems, hydrology and water economic activities retain their relative importance
rp._nurces, human settlements, energy, transport, in output. The climate of the region is projected to
human health, air quality, oceans and coastal zones, change by 2050, when global CO2-equivalent trace
and the terrestrial cryosphere. The IPCC did not gas concentrations about double (assuming no
attach monetary values to damages in each area, control policies are undertaken). The regional
but the panel did survey the qualitative direction of climate change is the average of the temrJerature
change, and precipitation changes reported by the EPA from

its survey of the projections of three general
For agriculture, a key sensitive sector, the circulation models; in particular, precipitation is

findings of studies to date are complex and indicate projected to decline.
therewillbe winnersand losers.Higherlevelsof

atmosphericCO 2 may enhancethegrowthrateof Ihave attemptedtobe more _nclusiveinTable2
cerealssuchaswheat and ricebutnotofsorghum, than some studiesand have listeda few impactstw
millet,ormaize. Use ofwaterby cropplantsmay thehealthand leisuresectorsinadditiontothe
be more efficient.How much thesedirecteffects traditionalsectorsthatareconsideredclimate
willbe feltinthefarmer'sfieldremainsan open sensitive.Thisattemptismeant tobe suggestive,

_ question. Negative impacts could occur at regional not exhaustive. I have drawn on other studies for
levels since these COs impacts vary by plant type monetary estimates that were then applied to the
and are decidedly nonlinear. Other weather region. (These other studies are the references R1,
changes could bring about reduced yields, stimulate R2, ..., Rn noted i:- the table; they are available
new or more virulent diseases, encourage pests, and from the author on request.)-

favor weeds.
Agriculture is a big item and corn is a big

Another key area concerns impacts on the component in the region. Favorable effects of
world's oceans and coastal zones: a rise in sea level photosynthesis and water efficiency are more than
of 20-30 cm (about a foot expected to occur by 2050 offset by temperature and precipitation changes.
or so) will pose problems for low-lying islal_d The range, which may be too small, attempts to
countries and coastal zones. Fresh water systems capture the po_ible consequences of unfavorable-

can be adversely affected by climate changes; hotter weather during critical growing and harvesting
and dryer conditions in the Great Lakes area could periods. Promising research is underway in this
reduce the levels of the freshwater lakes, affecting area, and new information should make these
shipping, fisheries, and coast lines, z estimates obsolete soon, if not now.

One of the interesting sensitivities of the region
3.3 Damage Estimates for the is the hydrological system, including the famous

Great Lakes Region jewels of the area. The reference cited, and others,
projectlowerlakelevelsbecausethermalexpansion

The most courageous (foolhardy?) way to present will be more than offset by precipitation declines
the difficulties of estimating damages is to display and evaporation. One study the author is currently
some of my own. In Table 2, I provide estimates I working on finds that when the cool winds of fall
recently drew up for the Great Lakes region by and winter blow over the waters still warm from the
drawing on existing studies. The damage summer, the evaporation volumes are enormous._
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TABLE 2 Greenhouse Effect Damage Estimates for the
Great Lakes Refion (GLR)

Annual Estimate
(109 19825)

Damage Category Low High

General

Health
Urban smog related (R7, See. E, p. 5) -0.012 -0.030
Heat stress NA
Cold stress $ NA

Climate variability increase
Storm frequency (R4, p. 33) -0.009 -0.009

Leisure activities
Golfing (R2, p. 3) +0.010 +0.020
Lawn watering (R2, p. 5) -0.010 -0.025

Biological diversity in the GLR NA

Sectors

Agriculture (R3, p. 10-6)
Corn, soybeans, wheat -2.950 -2.950

Hydrological systems (I_, pp. 5-7, 5-23)
Water transportation o0.010 -0.010
Hydroelectric power -0.002 -0.002
Shoreline maintenance -0.012 -0.024
Recreation NA
Water quality maintenance -0.018 -0.018

Energy (R3, p. 5-53) -0.297 -0.297
Forestry (R1, Table 6-4, p. 215) -0.150 -0.350
(R3, p. 546)
Construction NA
Government service NA

Totals 3.460 10.825

GLR percent of 1982 GNP 0.6% 2%

Source: Kosobud (1990).
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Declines from a few inches up to several feet have what about the rate of change of these variables?
been projectedby 2050orsoonthereafter,with Adjustingtoa slowlychangingclimate(eventhough
implicationsforwatertransportation,shoreline changesover100yearsmay seem slow,theyare
maintenance,fisheries,freshwatersupplies,and enormouslymore rapidthaninpricerknown history)
thelike. isonething.What iftherateofchangeofclimate

variablesoverthenext20 to50 yearsturnsoutto
The energysectorwillhave opposingfactorsto be an importantdamage-drivingfactor?

consider-- theincreaseddemands foraircondition-

ingoffsetby thedecreaseddemands forheating.
Forestry is of interest; the present furniture and 3.4 Summary Comments
value-added processing industries possible because
of the quality of the trees in Wisconsin and The search for climate change damage relation-
Michigan could suffer if these trees fail to adjust ships has just begun; there is a good deal of work
and new, less valuable species replace them. yet to do, especially at the regional level. Although

the level of accuracy (hardly the strongest feature of
My data are intended less to persuade and more the benefit-cost methiod) remains low, the first

to reveal the complexities of damage estimates and results do not point toward enormous damages, on
the need for expanded work in this area (even at the average. For some regions other than the Great
the expense of reduction in certain other areas). Lakes, the results may differ.
Conclusions are in order from this effort: a range of
about $3.5 to $11 billion in damages is obtained, or A source of concern is the possibility of
0.6% to 2% of 1982 GNP. These estimates are not catastrophic damages beyond soml_ critical amount
ali _hat frightening and lie between the estimates of of climate change. Added to this is a concern about
Nordhaus for the larger U.S. economy and Ayres damage to ecosystems and the geographical disper-
and Walter, who gave more emphasis to developing sion of climate-sensitive plants and animals. The
countries, limitations of traditional benefit-cost analysis are

all too apparent in the face of these questions.
My estimates, however, can be attacked as too

high or too low, and there is merit to both argu-
ments. On the high side, the point can be made 4 THE SEARCH FOR ABATEMENT
that I have failed to allow for adaptive behavior in COST RELATIONSHIPS
agriculture and other sectors. A sensible farmer,
seeing climate change coming (reading the This section seeks to extend the understanding
proceedings of this conference for example), would of efforts to estimate the costs of _mission reduction
begin to think of new seeds, new cultivation or concentration stabilization. Unlike the area of
practices, and other innovations that would lessen damage estimates, which is noted for involving few
the damages, studies with few controversies, the area of cost

estimates is noted for involving many studies with
Also on the high side, it may be argued that the many controversies.

economy of the region will look a lot different in
2050 than it does today, including a larger service Widespread interest in the costs of achieving
sector and many more activities less sensitive to environmental goals is relatively new on the
climatechange,likethisconference, politicalsceneintheUnitedStates.The firstmajor

legislativeeffortsinthelate1960sand especiallyin
On thelow side,thepointcan be made that the 1970CleanAirActAmendments (CAAA) were

thereshouldbe more categoriesinthetable quiteclearinindicatingthatimprovingthequality
(ecosystems,forexample)and thatwithinexisting oftheairforhealthreasonswas nottoinvolve
categories,thereshouldbe many more items, benefit-costanalysis.Moreover,thet_rgetpollution
Furthermore,theestimatesarebasedon average levels--theNationalAmbient AirQuality
climatechangesforjusta few variables.What Standards-- weretobe achievedby stateand
aboutstormfrequency,wind velocities,stringsof federalrulemakingthatrequiredregulatorsto
hot,drydays,etc.?Perhapsevenmore significant, becomefamiliarwithproductionprocessesand the
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teclmiques that would bring them into compliance a tax "'ateor emission permit will affect the price
m the command-and-control approach, the emitting producer receives; the price the

consumer pays; the ratio of prices of energy-
Not only does this approach piace enormous intensive products to others; the terms of trade of

informationburdenson theregulatoryagencies,but fuelexporters,fuelprocessors,and fuelconsumers;
itcanalsocreateinefficientincentives,leading and possiblytherateoftechnologicalprogress.Not
some emitterstoreducemore thanan amount that includedinthesedirectand indirecteffectswould
iscosteffectiveand otherstoreduceless.Recogni- be damages from climatechanges,orbudgetary
tionoftheseburdenswas undoubtedlyofsome ramifications,oradaptationcostsincurredbecause
importanceinthechangesthatledup toinnova- ofthepermitteddegreeofclimatechange.
tionsin the1990CAAA thatbothexpressedinterest
incosteffectivenessand permittedSO s emission Welfaremeasuresoftheseeffectssuggest
trading, themselvessome estimateofresourcecostsor

deadweightloss.The fullydynamic,computable,
My own guessaboutpolicy-makingmotivations generalequilibriummodel thatisrequiredtodo

isthatthemagnitudeofexpenditureson environ- thistothesatisfactionofallisnotyetin sight.
mentalprotection(perhaps$130 billionhlcurrent Some compromiseshave tobe made. The measures
dollars)began tobearon thechoiceofinstruments, ofabatementcostsincludedinFigure1 discussed
AlthoughGHGs werenotcoveredinthe1990 legisla- previouslyhave beendevelopedfrom a varietyof
tion,beingleftforlaterconsideration,theenormity sources,includinga computablegeneralequilibrium
ofsome abatementcostestimatescouldhavemade model,partialequilibriummathematicalprogram-
deepmarks._'I_atmarket-basedapproachescould ruingmodels,aridvariousrecursiveprojection
be more cost-effectivebecame an argumentwith frameworks(detailsfromthesourcecitedfor
heightenedrelevance. Figure1).These estimatesaremitigationcosts,in

thesensethatresourcesarerequiredtoreduce

Anotheraspectofthinkingaboutclimatechange emissions,orremove gases(reforestation),oralter
may haveplayeda role.Tracegases,especially theradiativebalance(e.g.,painting;'thingswhite).
CO2,arenotordinary_pollutants_The carbonstA)m
islinkedtootheratoms inthemoleculesoflife. FigureI estimatesmay be classifiedas"top-

RemovingallCO 2 and othertracegasesfromthe down,"meaning theyarederivedfromhighly
atmospherewoldd changetheplanetfromgreen- aggregatedenergy-economic-environmentmodels
housetoicehouse.The problemofthegreenhouse witheconometricormacroeconomic-levelestimates
effectistryingtodecidewhat volumeofemissions ofparametersand arebasedon assuml0,tions,
orconcentrationswe want tolivewith--thekind typically,ofmarket clearingand long-rlmadjust-
ofproblemthatcallsforan economiccalculationof ment topricechanges.They areinterpretableas
costs, eitherdeadweightlosses,or approximations,suchas

GDP orconsumptionlossesafterpolicyintervention,
Environmentalistsinsuchunitsas theNational comparedwitha no-policyscenario.Inprogram-

ResourcesDefenseCounciland theEnvironmental ming models,thelossesmay be calcu]al_edfrom the
DefenseFund relaxedtheiroppositiontomarket- shadow pricesofpolicyconstraints.
basedapproachesprimarily,Ibelieve,becauseof
thecosteffectivenesspromiseofthesemeasures. The strengthsofthisapproachcanbe discerned
The regulatoryagenciesthemselveshavebecome inFigure1. The "allgreerthousegases"'curve,
sponsorsofcoststudies,and thehunt forcost- conceptuallya horizontalaggregationover
effectivestrategieshas takeninterestingturns,even microeconomic-levelemittersand differentgases,is
comingtoa crossroad,as Ishallargue, a convexset,theexteriorpointsofwhichdenote

efficientmarginalmitigationeffortsfor'the
particulardegreeofemissionreduction,ltis

4.1 Cost Concepts and Cost Measures nonlinear, indicating that small reductions in
emissions from baseline are relatively costless as

To attempt to correct a market externality like measured in dollars per ton of carbon reduced.
the greenhouse effect by regulatory restriction or by Larger reductions will require ever-larger resource
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losses.The curvecouldbe a basicbuildingblockfor The debateisnotonlyabouthow toestimate
cost-effectivepolicytotheextentitiscredible: mitigationcosts;italso"spillsover"tothepolicy
Once theenvironmentalgoal,thepolicytarget,is debate.Inotedearlierthatthebottom-upstudies
chosenasa percentofemissionstobe reduced,the couldbe closelytiedtogetherwiththeincremental
appropriatetaxrate(emissionpermitprice)canbe policyoption.Insteadoffocusingon optimal
readoffthevalueson theordinat_, emissionreductionsoreventualconcentration

stabilizationatsome futuredateoron a setof

Figure1 impliescross-sectionalefficiencyin targetedgoals,thenegotiatorscoulddebate
thatcost-minimizingemitterseverywhereareledto incrementalpolicymoves,suchasimprovingvehicle
equatetheirmarginalmitigationcostswiththetax and buildingen;ergyefficiencies,revising
rateorpermitprice.In thenextsection,Iexamine transportationsystem_and others.
thesepolicyinstrumentsmore critically.The issue
hereiswhetherthetop-downcurve,orrefinements Thereareattracti¢_rstothisapproach:Many of
ofit,canbe thebasicbuildingblockwe seek. theactionshave attachedtothem negativecost

estimates,which,iftrue,oughttogeneratelittle
The bottom-uporenghmeringapproachto opposition.Countriescouldadoptthoseactionsthat

estimatingmitigationcostsisexemplifiedin theyprefer.Ifeachactionhad attachedtoita trace
Figure2. Termed "t_,chnologicalcosting"by the gas emissionreduction,an estimateoftheaggregate
NationalAcademy ofSciencespanelinitsreporton reductionofemissionscouldbe made, and each
mitigation(1991),itcontrastswith"energy country'scontributiontooverallreductionscouldbe
modeling"describedabove.The NAS reportgoeson appraised.
to note its "rough agreement," which, it is asserted,
lends comfort to the validity of the Figure 2 curve. There are questions to be asked about this
However, one curve lies below the abscissa and one approach. How much confidence can be placed in
above in the relevant policy range of reductions of the estimates of direct costs of implementing each
emissions, s action? Can a credible aggregation over vehicles,

buildings, power plants, factories, farms, or the like
Technological costing derives cost estimates on be carried out for each new technology, or improved

various assumptions about the technical features of technology, or changed practice, so that each
particular mitigation options; that is, it involves country's contribution can, in fact, be appraised?
studies at the micro-level of improvements in What set of incentives or regulatory methods are
existing technologies, of replacement technologies, envisioned to bring about these changes in the ways
or of altered practices that may improve energy things are done presently? These questions refocus
efficiencies, and for which rough appraisals of the our attention on the issue of how estimates of the
direct costs of implementation may be made. It mitigation cost fimction that secure wider
holds out the hope of reducing trace gas emissions confidence can be obtained: Through the methods of
by these detailed changes, often at little cost, or at Figure 1 or Figure 2? Or through refinements of
cost savings, one or the other? Or through a combination of the

two?

4.2 Commentary on Cost Relationships
4.2.1 Technological Costing: The Cheap

The debate between bottom-up and top-down and No-Regrets Way?
(technological costing versus energy modeling)
advocates may be more deep seated than appears at The reasons ordinarily given for the negative
first glance. It may also have many implications. A costs or energy inefficiencies of Figure 2, which are
closer look at the issues throws light on questions of by no means the most extreme of estimates avail-
obtaining useful estimates of the mitigation or able (Geller et al. 1992, p. 5), include a lack of
abatement cost curve, information in the market_, high consumer discount
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rates for energy investments, market barriers of There are a few appreciable energy inefficiencies to
various kinds, resistance to change or irrational be exploited. The curve does indicate that the first
behavior, and inadequate incentives for introduc- few percentages of reduction are inexpensive,
tion, especially in the public utility sector. In other primarily because of the substitution away from the
words, the present market solutions to energy use CFCs. But as CO2 emissions are reduced and the
are not in equilibrium, fossil fuel industry is affected, marginal mitigation

costs rise.
The microeconomic-leve] studies that mlderlie

technological coating vary so widely in method and The assumption of competitive markets in
database that the scope of this discussion does not equilibrium is well known to set aside imperfections
allow for even a sample appraisal. Several such as existing subsidies, taxes, regulatory
comments are in order on how confidence in the practices, and the like. Such set-asides are highly
results claimed can be strengthened. High visible, it should be noted, and frequently, research
consumer discount rates are not necessarily is directed toward relaxing an assumption to deter-
irrational in terms of energy investments, especially mine the consequences for the results (e.g., see
at, ug the poor. Should the poor be urged to invest Goulder [1990] on the implications of existing
in energy-efficient innovations, or in education, job taxes).
training, or health? A closer study of the problems
confronting the poor is required, in my view. The macroeconomic-level studies or energy

models that generate the top-down cost curve have
Typically, only direct implementation costs are other problems. They vary in specification and

included for energy-effici _nt innovations. Secondary statistical estimation methods and are subject to
effects, such as those traced out in general specification error, aggregation bias, and other
equilibrium models, are ignored. Can estimates of econometric difficulties. Mention should be made of
these indirect costs be included? Have ali inadequate data and the instability of parameters in
additional information, adjustment, or managerial projections over long time periods in the future.
costs been considered? It would be reassuring to The catalog of concerns about estimates is long, but
know that they have been. Frequently, a hidden considerable research has been conducted with
constant cost assumption is "slipped in": If one respect to these troubles. My impression is that the
innovation saves a certain amotmt, then 100 of the bottom-up approach cannot avoid many of them,
same innovations save 100 times that amount, and may have a few special problems of its own.
What if increasing costs characterize the extension?

The energy modeling approach, in most
There is a policy bias in each of the two cases, features price adjustments to changes.

approaches being discussed. For the advocates of Autonomous energy conservation, or nonprice
technological costing -- the bottom-up approach --- increases in energy efficiency, can be introduced in
the bias is toward command-and-control regulation: many such models by a parameter in the production
"Having the right price is... not sufficient to function. This device permits the important
achieve optimal efficiency improvements.., public distinction to be drawn between price-induced
authorities have a responsibility for promoting energy conservation and autonomous shifts, and it
energy-efficiency improvements" (Geller et ai. 1992, provides a measure of the significance of the former,
p. 28). For the advocates of the top-down approach, frequently overlooked in bottom-up studies.
the bias is toward taxes or tradeable permits or
other incentive systems that get prices right. This The bias in top-down models, and the bias
is the crossroad now confronting policymakers, among those who attach significance ,coresults

obtainable from them, is toward market-based
approaches to greenhouse policies. The introduction

4.2,2 Energy Modeling: Greenhouse Gas of emission or concentration constraints in these
Emission Reductions Can Be Costly models, or the introduction of tax rates or positive

permit prices, are assumed to lead emitters
Underlying the cost curve of Figure 1 are everywhere to equate marginal mitigation costs to

assumptions about markets being in equilibrium: the tax-rate or permit-price equivalent, thus
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yielding interfirm or cross-sectional cost Some policy instruments may be inseparable
effectiveness. The decentralized market guides from the policy. The advocates of energy conserva-
consumers and producers toward energy-efficient tion who see negative cost opportunities for
choices. The Figure 1 cost curve traces out rvducing emissions frequently attribute some of
solutions to these cost-effective decisions as these opportunities to badly drawn building code
emissions are increasingly reduced, specifications or inappropriate utility regulations.

The policy is to reform these imperfections, and the
Intertemporal cost effectiveness is also tool is the rodrafting of the regulation.

important. For this condition to hold, emitters must
equate marginal mitigation costs over time, which Moreover, policies directed to specific trace
implies that such costa must rise at the long-run gases (CFCs, for example) may have a link with
interest rate. This condition has been given less particular instruments. The speed with which
attention than cross-sectional cost effectiveness, international agreement has been reached on the
with the end result being that proposals to cut phasing out of these ozone-depleting chemicals is a
emissions sharply in the near term imply high reflection, no doubt, of the perceived risks of
initial marginal mitigation costs that frequently melanoma cancer. Attention is ?,cused on reducing
decline over time -- an indication of intertemporal production as fast as possible and devising schemes
cost ineffectiveness, to cut emissions from stocks of old cars and

refrigerators.

THE SEARCH FOR THE APPROPRIATE While the Montreal protocol and follow-up
INSTRt_[ENT agreements have lei_ implementation to participa-

ting countries, provision was made for emission
U.S. euvironmental history until recently was trading and other instruments. However, quotas

dominated b_ one policy instrument -- regulation or and phase-out schedules ---forms of regulatory
command-av, d-_ontrol prescription as the means to controls -- appear to have been the main instru-
obtain environmental standards. (The CAAA of ments called upon to achieve the quick emission
1970 prohibited benefit-cost calculations on ways to reduction called for in this global problem area.
obtain environmental quality levels affecting The fact that the few, large production sites and
health.) Consideration of costs has played a larger enterprises involved were really to cooperate fully
role recently; the IPCC (1990b) cited the cost made these policy tools readily implementable and
effectiveness of market-based approaches (e.g., taxes easily monitored.
or tradeable emission permit.s) to greenhouse policy
as deserving further study, although there were While recognizing that there are difficulties in
reservations about these instruments expressed by separating policy from instrument, this paper
spokespeople from developing countries, proceeds with the view that the distinction is clear

in most cases and that it enables the researcher to

In addition to cost effectiveness, other criteria appraise the benefits and costs of applying alter-
need to be applied to policy tools if well-informed native policy instruments to a policy goal. Hence, it
choices are to be made in this complex area. is envisioned that policymakers have available to
Implementability, flexibility, and enforcement and them a list of various command-and-control
monitoring suggest themselves. It would seem wise measures, market-basod approaches, and govern-
to distinguish sharply between the policy and the ment intermediate efforts to influence behavior,
policy tool kit. Figure 1 provides a handy illustra- such as information dissemination, research, design,
tion: A policy may be defined as choosing a point or and development (RD&D) stimulation, and the like.
interval emission reduction target on the abscissa, The task is to match these policy instruments to the
and a policy instrument(s) may be defined as the characteristics of the atmospheric trace gases so as
least-cost way to move vertically to the abatement to reach the environmental target in the most
cost curve, recognizing that it is possible, and easy, "satisfactory" way. Such criteria of the
to be cost ineffective and move above it. "satisfactory" way as implementability, cost
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effectiveness, flexibility, and enforcement must be 5.2 Cost Effectiveness
interpreted in light of the greenhouse effect.

Market-based approaches would appear to
dominate this criterion; they do not require public

5.1 Implementability authorities to have the detailed microeconomic data
on input and market basket option._,that command-

There are two aspects of this criterion that and-control regulation requires. ]_ior do they impose
deserve attention: the acceptance of an instrument rigid practices or technologies on firms and
as "fair" by those affected and the feasibility of the consumers. A tax rate or permi_ price provides the
instrument as applied to sources and sinks of trace incentive for the cost-minimizing producer or
gases, consumer to utilize his or her information in

making the appropriate adjustment. The public
Tax rates (either carbon or commodity taxes) authorities can devote themselves to setting tax

designed to reduce emissions are regressive in that rates or determining the volume of permits. Both
they affect both poor families and poor countries cross-sectional or interfirm and intertemporal cost
more heavily than their richer counterparts, unless effectivvness can be claimed for these decentralized,
offsetting tax reductions or transfers are made. If price-determined instruments.
carbon taxes are the agreed upon international
means to deal with global warming, then acceptance I find the argument persuasive, but some care
of a rate by ali nations has much to be said for it; must be taken in particular applications.
duties on fossil fuel imports or fossil-fuel-intensive Tropospheric ozone concentrations generated by
commodities from nontaxing countries would not be precursors appear to depend on many factors,
necessary. Therefore, .'if carbon taxes are to be including the number of hot, sunny days that fall
implemented, the regressivity issue is on the together. This random variabil'.'ty makes it difficult
agenda. Requiring permits results in Ligher energy to devise a market-based approach that is quickly
prices, raising essentially the same issue. (If tax adaptable; hence, outright bans or prohibitions may
rates and emission permits are designed to achieve be more cost effective. If the negative cost
the same reduction in emissions, and if the market argument of devoted energy conservationists is
operates under conditions of certainty, the impact of correct, regulation and reform of existing practices
both policy instruments on price is identical.) may be required, _ince "getting the price right" did

not work in the first instance.
Market-based approaches (either taxes or

tradeable emission permits) seem more implement- As multiple trace g_s are at work in the
able for CFCs or COs, trace gases for which sources greerthouse effect, the appropriate tax rate or
and sinks are better understood, than for the other emission permit price for each gas must reflect its
major trace gases, CH4, N20 , and tropospheric O8. warming potential; otherwise, incorrect incentives
The sources for CH4 and N20 are poorly under- are transmitted to emitters, weakening the cost
stood, diverse, and, to a considerable extent, effectiveness argument. Harmonizing these rates or
nonanthropogenic. Except for a few sources of these prices will depend on discount rates, radiative
latter gases, such as fertilizer use and application, it potential, and atmospheric lifetimes. To do this
seems unlikely that market-based approaches could with a reasonable chance of success requires
be implemented and enforced, construction of a weighting index, a COs-

equivalence metric, which is not without its
For the CFCs and CO2, questions arise as to difficulties (IPCC 1990a; Nordhaus 1990).

wldch stage of processing implementation could best
be applied. A consumption tax or emissions permit
would force public officials to calculate the trace gas 5.3 Flexibility
content of numerous end-tLse products. Measuring
and recording the carbon content of consumer Adjusting both policy and policy instruments to
products would generate work for an army of new knowledge is vital in an environmental area
inspectors and enumerators. The production or infused with uncertainty like climate change is.
extraction stage would hold out more promise° One aspect of this uncertainty is the desirability of
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avoidingirreversiblepoliciesorinstrumentsettings However,market-basedmeasures,beingrelatively
thatimposeheavycostsiftheyturnouttobe new intheenvironmentalfield,may containnasty
wrong. Supposethegovernmenthad invested surprises.The valueofpermitswoulddependin
heavilyincoldfusion,orrequiredenterprisesto parton compliancewiththerules;cheatingor
preparetheway foritsintroductionon thegrounds counterfeitingwoulddilutethevalueofauthentic
that no trace gases were emitted from this energy permits.
source!

Among the market-based approaches, there is 5.5 Matching G.as Source and Sink
sn v_gument favoring tradeable emissions on this Control with Policy Tools
criterion. International negotiation of tax rates, if
such an instrument were to be chosen, is likely to Several features of GHGs bear directly on the
be sn arduous, time-consuming task, perhaps choice of policy tools. In the main, they are
making GATr deals look easy. Resetting tax rates distributed after their emission throughout the
to take advantage of new information is a highly global atmosphere. They have both anthropogenic
likely and desirable event, but the renegotiation and natural sources and sinks that differ in their
may be more difficult than the original negotiation, amenability to control. A careful matching of these

sources and sinks with the policy instruments is a
The volume of tradeable emission permits could requirement of well-advised policy.

be adjusted more easily. For a cumulative emission
system, or undated permits, initiated in the market A detailed account of the sources and sinks and
to accord with a targeted trace gas (CO2) concentra- of chemical transformations would be valuable at
tion volume, the number of outstanding permits this point, but this is beyond the scope of this paper.
could be adjusted by "open market" operations What is important for our purpose is the
carried out by an international agency operating as anthropogenic share of total emissions: All CFC
a central permit bank. and related compound emissions are anthropogenic,

as are almost ali CO2 emissions, perhaps two-thirds
Dated permits issued for a year or less would of CH4 emissions, and less than a quarter of N20

make up an even more flexible system, in the sense emissions. Altering natural sources and sinks as a
that next year's volume could be adjusted to next policy device seems difficult and expensive, so policy
year's information. Such flexibility could carry a tools will have to be applied to human activities
price: Emitters carrying out long-lived investments that give rise to emissions.
in abatement technologies must have some
trajectory of tax rates or permit prices in mind The CFCs are produced at a few large sites,
when deciding upon the most cost-effective although emissions from old capital are scattered
intertemporal allocation of expenditures, mid diffuse. Anthropogenic sources of (302 arise
Unexpected changes in rates or prices over time mainly from fossil fuel use and, to a lesser extent,
could upset these plans, from deforestation; the problem here is at what

levelorstageofprocessingoffossilfuelspolicy

controlshouldbe instigated.AnthropogenicCH 4
5.4 Enforcement emissions arise from processing of fossil fuels and

agricultural practices. N20 arises primarily from
At first glance, command-and-control measures the latter source.

appear to be easier to monitor and enforce than
market-based measures, because they are clear-cut Sink enhancement offers some promise in the
in prescribing standards and technologies. There is case of CO2, either through reforestation or
certainly more experience established with this form geoengineering plans, such as seeding iron
of regulation. Howevr- second thoughts, always molecules in cold northern seas to facilitate growth
the best, cast doubt on this assertion. Checking the of CO2-absorbing organisms, or hurling particles
performance of microeconomic decision makers may that screen out incoming ultraviolet sunlight into
entail expensive arrangements of personnel, the stratosphere. Sink enhancements would appear
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tobe activitiesdeservingofstudythatwouldbe BothCH 4 and N20 ,givencurrentknowledge,
bestencouragedby governmentresearchor offerpoorprospectsformarket-basedapproaches.
subsidiesuntiltheyarebetterunderstood. The chancesofsuccessseem slim,and thecostsof

failurearehigh(castingdoubton a promisingnew
An overviewofthematchingprocessjust approach).The diversityof_ourcessuggeststhat

describedispresentedinTable3 toprovidea experimentationwitha varietyoftoolswillbe
qualitativepictureofthreeclassesofpolicytools worthwhileifany actionatallistobe undertaken.
matched withthetracegassources.The toolsare The same conclusionsmay be drawn for
groupedintoregulatory,RD&D and subsidy troposphericozone.
(governmentpartnership),and market-based

approaches. Ingeneral,Table3 suggeststhatno onepolicy
toolwillfixtheproblem.Applyingmarket-based

The CFCs arecharacterizedby a few large approachestothoseareaswiththegreatestchance
productionsiteswithcooperativemanagement,so ofsuccessm CO 2 emissionreductionm _eems well
bothregulationand market-basedapproacheshave advised.Emissionpermitsmay be more acceptable
provedeffective.Reducingemissionsfrom stocksof than taxesand may offermore controlinuncertain
oldcarsand refrigeratorsremainsa difficultissue; areas;theyaredeservingofmore intensive
creatingincentivesforproperdisposalmay involve research.Regulatorymeasureswillcontinueto
a rangeoftools, have theiradvocatesand theirplace.Theircost

effectivenessoughttobe questionedineach
A more rapidphasingoutofthesegasesis instance.Governmentpartnershipinresearchand

movingup on theinternationalagenda.New inRD&D isa goodbuy inthisuncertainarea.
agencieshave been createdintheWorld Bank to
providecapitalatsubsidizedratestodeveloping
countriestoaidinreplacingtheCFCs withmore 6 CONCLUSIONS
benignsubstitutes.Implementationofa wide
varietynfpolicyinstrumentsseems feasibleand is The argumentofthispaperisthateconomists
underway.The market-basedapproachesseem can contributetothepolicydiscussionby carrying
most promisingintermsofcosteffectiveness,but out"plainvanilla"benefit-costanalysis,withdetails
regulatorymeasuresmay be themost on itslimitationsclearlymarked on thepackage.A
straightforwardtoenforce, secondarygoalisoneofclarifyin_heimplications

ofalternativetargets.
For CO 2emissioncontrol,themarket-based

approaches,when initiatedattheextractionstage Estimationofdamages remainstheunder-
ofprocessing,holdoutprospectsforcosteffective- developedarea;perhapsbecausejtismessy,
nessand flexibility.Enough timeseems tobe difficult,and lackinginglitz.The lackofreliable
availabletodesignsystemsthatcreatetheproper damage estimatesinclimate-sensitiveareasmay
incentives.Given theuvcertaintysurrounding be due tothefactthattherearenotverymany
damage estimates,emissionpermitsmay have an damages,butI remainunconvincedthatthe
advantageovertaxesinthattheyensurepolicy- impactsofextremeclimaticevents,storm
makers thatthedesiredemissionreductionwillbe frequencies,soil-precipitationinteractions,and the
obtained.Tax ratesmay yieldwidelyvarying likehave beensufficientlyinvestigated.
emissionreductions.

The controversybetweenbottom-upand top-
Monitoringand enforcementmay poseproblems down costestimationmethodsisone that

fornew market-basedapproaches.IfCO 2emissions emasculatesthepolicydebate.The tempting
aretobe constrainedatintermediateorend-use promisethatemissionreductionsareachievableat
stages,new match optionsareopenedup. Energy negativecostcan stealcenterstagefrommore
conservationistscanarguethatregulatorymeasures painfulchoices.Unfortunately,itisgoingtotake
forbuildings,appliances,etc.,gearedtoparticular some timetodeterminethedegreeofaccuracyin
inefficiencieswilloutperformalteredpricepatterns; bottom-upclaims.More work on price-induced
theissueisnotclosetoreconciliationyet. conservationisinthemill,and thisshouldhelp.
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The choice of policy tools is complex, given the lntergover:,_,mental Panel on Climate Change
mu]tigas, multisource, and multisink character of (IPCC), 1990a, Climate Change: The IPCC
the greenhouse effect. No one tool seems able to fix Scientific Assessment, report prepared for IPCC
the problem to everyone's satisfaction, and there are Working Group I, J,T. Houghton et al. (editors),
good reasons for this situation. Adapting various Cambridge University Press, New York, N.Y.
tools to the numerous sources and si_'lks may prove
beneficial. This policy would allow governments to Intergovernmental Panel on Climate Change
choose their preferred mix. 'l_e tool-source-sink (IPCC), 1990b, Potential Impacts of Climate Change,
combination must be appraised by economic calcula- report prepared for IPCC Working Group Ii,
tion for its cost effectiveness (e.g., cost of a Cambridge University Press, New York, N.Y., June.
reduction in CO2-equivalent emissions per ton).
Market-based approaches hold great promise on this International Energy Agency, 1991, Climate Change
score. Tradeable emission permits, as th,_ "new kid Policy, Paris, France, Nov.
on the block," have the attention of economists
firmly fixed on them Kosobud, R.F., 1990, Climate Change Impacts on the

Gr,at Lakes Region; Some Estimatr_s, presented at
the meeting of tb_ Americml Association for the
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U,S. Congress, Department of Economics, the rule, is the stratospheric ozone depletion
University of Maryland, College Station, Md., problem, in which the threat of skin cancer and
June 19o other damages and the feasibility of substitutes

for the CYCs and other pollutants have led to
Tietenberg, T.H., 1985, Emissions Trading, remarkable international cooperation on policy.
Resources for the Future, Washington, D.C. I am indebted to professor Gilbert Bassett in
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Comprehensive Approach to Addressing Potential way to broaden the concept of environmental
Climate Change, Report of the Task Force on the damages.
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survey of potential effects of climate change on
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Center, John F. Kennedy School of Government, 60% (except for Minnesota), and lake levels
Harvard University, Cambridge, Mass. could decrease from a few inches to 7 feet. The

ranges hint at the difficulties of making regional
Weitman, M., 1974, Prices and Quantities, The climate-chango projections.
Review of Economic Studies, 61:449-477.

4. This is the region of responsibility of the
Federal Reserve Bank of Chicago. I want to

8 ENDNOTES thank Dave Allardice and Bill Testa of the bank
for providing useful data on the region's

1. A. P/gou was the Er_lish economist who economic and demog._phic characteristics.
analyzed how the imposition of a tax on They are not respov _ible for the damage
polluting commodities would internalize for the estimates or for en _rs.
enterprise the external costs of the pollutant.
The reason for the range in the tax given in the 5. The scales of the two abscissas are different but
example is a result of the range in the estimates can be made comparable. Figure 1 is measured
of damage or impacts; they ranged from low to in CO2-equivalent percentage reductions, and
medium, the optimal reduction point (where rite marginal

curves cross) is a little less than 20%. Figure 2
is measured in billions of tons of C02.equivalent
for the United States. Where the mitigation
curve ¢rossos the axis, about 2 billion tons,
represents a reduction of about 25% in U.S.
emissions. Not_, however, that Figure 2 data
are probably average costs, not marginal costs.
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Comment I on Workshop in Economics

A Note on Benefit-Cost Analysis and the Distribution of Benefits:
The Greenhouse Effect

Mr. Kevin G. Quinn
Argonne National Laboratory

Argonne, Illinois

The application of benefit-cost analysis to binding enforcement regime that can redistribute
environmental problems in general, and to global benefits as seen fit. A policy can then be introduced
waiTaing as demonstrated by Kosobud in particular, in the manner that achieves the best overall net
is a very useful tool. Depending upon the limita- benefits, and the allocation of these benefits can be
tions of the relevant data available (in this case, the treated as a stand-alone problem.
degree to which the marginal costs and marginal
benefits of a reduction in greenhouse gas emissions However, in the case of international policy-
can be quantified), benefit-cost analysis can offer making such as in the greenhouse situation, it is
information to society about how to improve its not possible to divide these two issues. There is no
condition. However, beyond the criticism of its enforcement regimen that cen impose a binding
estimate of the Pareto optimal point (based on redistribution of net benefits, at least at this time.
theoretical considerations regarding the convexity of Instead, policy analysis should focus on the
the social production fl_ntier and of social determination of what is the beat attainable policy,
preferences), benefit-cost analysis suffers from a given that each actor (country) must be better off'
fundamental weakness: lt cannot speak to the after the implementation of this policy, ali things
distribution of the net benefit:_ of implementation of considered. "Ali things considered" would include
an international greenhouse policy, the possibility of side payments and the nature of

the additional utility that a country enjoys when a
Within en individual country, debate on a policy results in a more equitable allocation of net

particular policy interven_on can effectively benefits among countries. A game theoretic
separate the issues of achieving a potential Pareto approach may be more suitable to this problem
optimum and distributing the benefits necessary to because it addresses this consideration directly.
actually accomplish Pareto optimality. This Benefit-cost analysis, on the other hand, may
situation occurs because (theoretically, anyway) suggest an "optimal policy" that has no chance of
these decisions are made in the presence of a being successfully implemented and observed.
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Comment 2 on Workshop in Economics

Issues in Benefit-Cost Ana]ysls:

Amplification Channels and Discounting Long-Tem Environmental Damages

Dr. Donald A. Hanson
Argonne National Laboratory

Argonne, Illinois

Many environmental problems have long-term but it should be pointed out that the target rate of
effects. Acid rain has long-term effects on soils, economic growth is also a distributional issue. The
forests, and exposed materials. Global climate present generation may be asked to work hard and
change has even longer-term effects. This difference sacrifice so that future generations can attain
in timing m between the near-term cost of higher levels of consumption.
environmental protection and the long-term
environmental effects -- makes it difficult to Another comment is that for highly uncertain
conduct a cost-benefit analysis of any program environmental problems such as global climate
designed to abate environmental damages. The rate change, the uncertainty component should be
at which to discount long-term environmental separated from the time rate of discounting. Some
damages becomes a key question in comparisons of environmental effects that may not be manifested
benefits and costs. This comment points out an for a very long time are reasonably predictable.
important facet of the discounting issue. The However, it is true that predictions can be expected
discount rate for calculating the present value of to be more uncertain the farther in the future they
future environmental benefits may be much lower are for.
than the rate of return on investment.

To illustrate, consider a simple aggregate
Cost-benefit analysis is a framework in which to economic growth model of consumer goods and

evaluate policies and decisions. Because global environmental goods (the ]ast of which are a
climate change is a complex problem, extensions of measure of environmental quality). The economy
cost-benefit theory can be expected to add additional possesses the capability to transform between
insights, particularly in the following areas: consumer goods and environmental goods (i.e.,

produce one type of good instead of another) via
* Distinguishing distributional effects among expenditures for environments] protection and

nations, over time, and among generations; abatement of environmental damages. Society can
also transform foregone current consumption into

. Determining the rate of discount that ts future consumer goods via investment. The net rate
appropriate for long-term environmental of return on investment is determined within the
damages and separating risk aspects from model (endogenously) as it takes into account a
the rate of discount; and valuation of the environmental damages that result

from pollution associated with production. The
. Assessing amplification effects when policies co_ect formula for calculating the present value of

involve large expenditures relative to the future consumer goods is to use the net rate of
economy or when affected sectors are return on investment as the discount factor°
significant sectors of the economy. However, the correct method for calculating the

present value of future environmental damages is to
This comment does not add anything to the use a pure rate of time-preference --- a rate that

discussion of distributional effects among nations, members of society choose to discount future welfare
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for themselves and future generations. The this adjustment process, there are two offsetting
valuation of environmental damages is based on the forces: substitution and rigidities. Both
consumer's marginal rate of substitution between substitution among consumer goods and
environmental quality and consumer goods. The substitution among factors of production allow the
implication is that any long-term environmental cost of an initial policy change to be mitigated in
damages that are foreseen may be discounted at a general equilibrium. However, rigidities in the
low rate chosen by society. Furthermore, the macroeconomy, such as "sticky wages" (a condition
valuation of these damages may be high if consumer in which labor resists a reduction in wages), cause
goods are relatively more abundant than environ- total losses in the economy to be amplified relative
mental goods. The valuation of damages is based to the original cost. (See Hanson, D.A., 1992, The
on the shape of the indifference curve between 1990 Clean Air Act: A Tougher Regulatory
environmental quality and consumer goods. Challenge Facing Midwest Industry, Economic

Perspectives, Federal Reserve Bank of Chicago,
What decisions or policies follow from this May/June.)

analysis (which does not take into account the
implications of uncertainties in both environmental These dimensions of cost-benefit analysis make
effects and costs of policies to abate environmental environmental problems more complex to analyze,
damages)? Society faces a budget constraint in that but they also open a door for policy improvements.
its total production (i.e., gross domestic product) Whenever possible, policies should exploit
must equal its production of current consumer substitution possibilities and be designed to
goods, investment, and pollution-abatement mitigate losses by allowing for smooth adjustments.
expenditures. Hence, when two of these variables
(e.g., investment and abatement expenditures) are There are also interesting implications for
chosen, the third (current consumption) is market-based approaches that make use of
determined from the budget constraint. The emissions taxes or tradable permits. A firm will
decision rule (or method) to calculate investment is have the incentive to reduce emissions up to the
determined on the basis of the net rate of return, point where the marginal abatement cost (MAC)
The decision rule to calculate abatement equals the emissions.tax (or the tradable permit
expenditures is determined through a cost-benefit price). Hence, if the overall reduction in emissions
analysis, in which the ber, efits are valued on the is stringent, the MAC will rise and the price of
basis of the marginal rate of substitution and are pollution (i.e., cost of the tax or permit) will be high.
discounted to the present through use of the pure The resulting emissions tax revenue is in addition
rate of time-preference on utility. Hence, society to total abatement costs. The emissions tax revenue
must balance its desire for current consumption and total abatement costs are either passed on to
against its desire for future growth in the standard customers, taken out of wages, or taken out of
of living -- a growth that depends on its profits. The emissions tax revenue, if it is large
investment -- and its desire for environmental (which occurs when there is a significant carbon
quality in the near term and long term. The reader tax), can lead to reductions in wages and profits or
seeking more information on these topics can increases in inflation and sectoral adjustments.
contact the author for additional papers. Attendant macroeconomic losses are not fully

considered in the standard Baumol-Oates theory
In cost-benefit analysis, total benefits should be that demonstrates the microeconomic efficiency of

compared with total costs -- costs that include not these irLstruments. Simulations on the size of the
only direct effects but also second- and third-round macroeconomic amplification effect are available
effects as the economy adjusts to policy changes. In from the author.
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Section III

Workshop in Adaptation and Mitigation Strategies

Approaching Global Warming:
A Review of the Adaptation and Mitigation Perspectives

Dr. Peter M. Morrisette
Climate Resources Program

Resources for the Future
Washington, D.C.

1 INTRODUCTION prominence on the international political agenda is
remarkable. If we look back only a few years to the

The debate within the scientific, policy, and mid 1980s, global warming was of interest mostly to
environmental communities on what, if anything, to the scientific community, some environmentalists,
do about, global warming appears to be focused on and a handful of politicians. What makes global
whether to adapt to climate change in the future or warming's sudden political prominence even more
to mitigate climate change in the present. As the remarkable is that conventional political wisdom
issue has become increasingly politicized, the debate tells us that an issue like global warming, charac-
over these two approaches has become polarized, terized by great uncertainty associated with the
The two approaches, however, are not mutually facts of the problem and by high potential economic
exclusive; in fact, there is much common ground costs associated with taking action, is not likely to
between them. But differences can be found in how advance very far in the policy process.
proponents of each approach view the risks of global
climate change and the values that underpin these Understanding global warming's sudden
perceptions of risk. In this paper, I will briefly prominence becomes even more intriguing when we
outline the progression of global warming from an consider that scientists have long known about the
obscure scientific concern into a leading interna- greenhouse effect. The possibility that CO2
tional political issue. I will also review some emissions from the burning of fossil fuels might
previous efforts by social scientists to assess enhance the earth's natural greenhouse effect was
attitudes and positiorLs on global warming. I will postulated as early as the 1890s by the Swedish
then examine in detail the adaptation and mitiga- chemist Svante Arrhenius (1896). Arrhenius
tion perspectives and assess how they differ on the calculated that a doubling of atmospheric CO2
basis of different conceptions of uncertainty and concentration could lead to a global warming of five
risk, equity, and technology. Finally, I will examine or six degrees celsius (a predication that is not far
the adaptation and mitigation approaches from the from the current projection) and that this warming
perspective of developing countries, would be greater in higher latitudes. Similarly, in

the 1930s, Callendar (1938) described the effect that
CO2 emissions from the burning of fossil fuels might

2 GLOBAL WARMING'S RISE TO have on global temperatures. And it was 35 years
PROMINENCE ago when Revelle and Suess (1957) made their now

famous remarks describing the anthropogenic
The global warming issue is at the forefront of release of CO2 as "a large-scale geophysical

international sc.;_nce and politics. Negotiations are experiment," the effects of which could not be
currently underv_:_:4_ycn an international framework predicted.
convention on global warming, and some countries
have even pledged to stabilize or reduce emissions It has been argued that the basic scientific
of carbon dioxide. Global w_ .-ming's rise to principles of the global warming problem have not
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changed all that much in the past 50 years. Several factors have been invoked as
Michael Glantz (1988, p. 51) of the National Center explanations of global warming's rapid rise oil the
for Atmospheric Research (NCAR), for example, international political agenda in the late 1980s.
writes: TheseincludetheNorthAmericandroughtof1988

and otherunusualweathereventsaroundtheworld

As faras thescientificaspectsoftheglobal inrecentyearsthathave sensitizedthepublicand
warming issueareconcerned(withregard politiciansintheUnitedStatesand elsewhereto
onlytotheburningoffossilfuels),it thevariabilityofclimate;otherenvironmental
appearsthatmost oftheaspectsdiscussed problemssuchasozonedepletion,acidrain,and
today..,werebeingdiscussedatleastfi_y deforestationthathave raisedpublicand political
yearsago.... While we have acquired concernforthefateoftheearth'senvironment;an
considerablymore knowledgethrough emergingconsensusin theinternationalscientific
modelingand paleoclimaticinvestigation, communityon theclimate-forcingpotentialof
t_escientificpremiseofC02.inducedglobal greenhousegases;scientificadvancesthathave
warming remains essentially the same as it improved our understanding of how the earth's
was in the 1930s. various natural systems (climate, the oceans, and

the biosphere) interact and of how human activities,
Andrew Solow of Woods Hole (1991, p. 7) makes in particular, can influence these systems; and a

the same point when he writes: "In many ways the belief that not taking action now to limit global
broad outline of [the global warming] debate has warming is too great a risk to take.
remained unchanged over the past fifty years.
Atmospheric science and climatology have advanced There is, however, a more subtle underlying
quite a let over that period, however, and the explanation to global warming_s prominence. ClUe
details of the debate are somewhat clearer." economist Lester Lave (1988) suggests that it is the

symbolic nature of the global warming problem that
If the basic scientific premise of global warming has attracted so much attention to the issue in

has remained essentially the same since the 1930s, recent years. Global warming demonstrates not
what has changed, and fundamentally so, is our only the reality of resource constraints but also
knowledge and understanding of what global humankind's capacity to alter environmental
warming might, mean for the planet. For example, systems on a global scale. Lave argues that we
we now have some tmderstanding of hew the have experienced a "loss of innocence"; i.e., we can
climate effects of global warming might affect no longer ignore our environmental problems,
agriculture, forestry, water resources, and natural because there are no more frontiers to exploit. In a
ecosystems, how it might raise sea levels and flood larger sense, global warming is also symbolic of
coastallowlands,and how itmightaffecteconomies otherproblemsthatconfrontmodern societyinthe
and societiesaroundtheworld.What has also latetwentiethcentury:problemsthatareglobalin
changedisourperceptionoftheproblem.When scale,highlycomplex,netfullyunderstood,and not
Callendarwas writinginthe1930s,theeffectsof onlylackan obvioussolutionbutalso

C02Anduced warming wereseenaspotentially fundamentallyquestiontheproblem-solving
beneficial -- expanding the margins of agriculture capacity of existing institutions.
or postponing the onset of the next ice age
(Callendar 1938). Even Revelle and Suess's One interesting fact about global warming's
warning in the 1950s did not create much concern, prominence is that the public has not reacted
It was not until the 1970s and the rise of political strongly to the issue. This is evident in Willett
and scientific concern for the environment that the Kempton's research on lay perspectives on global
broader implications of CO2-induced global warming climate change (Kempton 1991). Kempton's survey
began to receive serious consideration. However, of public attitudes shows that while the public has
outside the scientific and environmental community, heard of the global warming problem, it has very
global warming remained a rather obscure issue little understanding of it. In fact, most people in
until the mid 1980s. Kempton's survey confused global warming with
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stratospheric ozone depletion, and few understood Glantz believes that within the scientific
the connection between global warming and energy community, the number of hawks is increasing,
consumption (Kempton 1991). Furthermore, in the while the number of doves is dwindling. The
public's eyes, global warming lacks the immediacy growing scientific evidence in support of the global
and localized concern of, for example, mismanaged warming theory is responsible for this shift. Yet
hazardous waste dumps or polluted drinking water; Glantz notes that there are still "persistent
at the global scale, the issue lacks a tangible scientific uncertainties," and thus there are still
impact, such as the Antarctic ozone hole. _I_us, at doves. Within the international policymaking
this time, there appears to be no strong public community, Glantz believes that the owls are the
mandate for action driving the global warming largest group, perhaps reflecting the traditionally
issue. Rather, global warming has found its most pragmatic view of the policymaker. Glantz
vocal and active support among scientific, political, concludes by noting that because there are still very
and environmental elites, different perceptions of the seriousness of the global

warming problem, particularly relative to other
problems on the international political agenda, it is

3 PREVIOUS ASSESSMENTS OF GLOBAL not surprising that there is no firm consensus on
WARMING the issue. It might even be argued that it is

surprising that there is as much consensus on the
At this point, it is useful to review previous issue as there appears to be.

efforts at assessing attitudes toward and positions
on the global warming problem. I briefly review The focus of the earlier assessment of global
three earlier assessment.s, each of which used a warming that Andrew Plantinga and I undertook
different approach. In the first of these assess- was primarily on the policy positions of nations
ments, Glantz (1988) described the degree to which (Morrisette and Plantinga 1991). Our goal was to
different segments of the scientific and policy understand the political and economic factors that
communities believe that global warming is a would condition the degree to which a country
problem, and how this might influence international would be motivated to support an international
efforts to control CO2 emissions. In the second agreement to control global emissions of CO2. At
assessment, Andrew Plantinga and I reviewed the the risk of being overly simplistic, we divided the
political and economic factors that would likely nations of the world into four groups on the basis of
influence the degree to which countries would their stated policy positions on global warming:
support an international agreement to control the (1) countries advocating a cautious approach,
emissions of CO2 (Morrisette and Plantinga 1991). (2) countries advocating an activist approach,
In the third assessment, O'Riordan and Rayner (3) countries unable to act, arid (4) countries unable
(1991) took a more theoretical approach toward and unwilling to act.
identifying the values and beliefs that underlie
different "decision-making strategies" toward global Among the wealthy, industrial countries, the
warming. United States is the principal (if not only) member

of the group advocating a cautious approach. The
Glantz (1988) has argued that within the United States maintains that not enough scientific

scientific and policy-making communities, there are evidence is available to justify potentially costly
hawks, doves, and owls on the global warming measures to mitigate emissions of CO2. The activist
issue. The hawks, according to Glantz (p. 41), are group is made up of those countries in the
those who 'believe that the evidence of CO2/trace Organization for Economic Cooperation and
gases warming is very convincing and that the Development (OECD) that have endorsed CO2
warming is already under way." The doves, on the stabilization and reduction targets (e.g., Germany,
other hand, tend to dismiss the issue and "feel that Canada, Sweden and Japan). These countries
[it] is yet another doomsday scenario that will most support the view that the scientific evidence points
likely fail to materialize" (p. 41). The owls, Glantz to a significant threat from climate change and that
(p. 42) explains, '1_ave yet to make up their minds the benefits of averting the threat outweigh the
on the issue." They are waiting for more costs of controlling CO2 emissions. Because of more
information, immediate political, economic, and environmental
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problems, the countries of Eastern Europe and the imperative driving this position is that it is morally
former Soviet Union are unable to respond to the wrong to curtail economic development and
CO2 issue with the same degree of commitment condemn the poor people and nations of the earth to
characteristic of many Western European countries, permanent deprivation of the benefits of modern
Yet these countries have professed a serious concern industrial society." A synthesis of these two
about the global warming problem and are willing strategies can be found in the sustainable
to participate, where possible, in international development approach, which is underpinned by the
efforts to respond to global warming, belief that global catastrophe can be avoided

through "careful stewardship of the limited
Like the countries of Eastern Europe, many opportunities that nature provides for controlled

developing countries are also unable to commit growth" (p. 100). The sustainable development view
themselves to potentially costly efforts at controlling of nature sees the environment as generally
CO2 emissions. Furthermore, these countries have forgiving of many disturbances but vulnerable to
been less willing (if not unwilling) to support catastrophic change.
international efforts to control CO2 emissions that
do not at the same time directly address problems of O'Riordan and Rayner believe that these
underdevelopment. The developing countries are different viewpoints derive not from disputes over
suspicious of the motivations behind the interest of facts and knowledge about global change but rather
the world's rich countries in the global warming from different, institutionally derived ways of
issue and question the long-term commitments of approaching or framing the problem. They explain
developedcomltriestoprovideassistanceto thatpreventiviststendtobe egalitarianand
developingcountries.The supportofdeveloping collectivistintheirapproachtoproblems,
countrieswillbe essentialtothesuccessofany adaptationistsaremore likelytosupporta laissez-
internationalagreementon globalclimatechange, faireapproach,and sustainabledevelopmentalists
yettheirattitudesand positionstowardtheproblem tendtosupporthierarchicalapproachestosolving
differinimportantways fromthosecommonly problems.O'Riordanand Rayner favora "holistic"
supportedby scientificand policyelitesinthe riskmanagement strategythatcouldbridgethese
developedcountries.Xdiscusstheattitudesand different,institutionallyderivedways offraming
positionsofdevelopingcountriesingreaterdetail theproblem.Such a holisticstrategy,theyexplain,
laterinthispaper. "wouldmean reconstructingscientificand political

institutionsinnew ways tomake decisions
The assessmentby O'Riordanand Rayner(1991) involvingglobalstakesatunprecedentedlevelsof

focuseson theunderlyingvaluesand conceptsof uncertainty"(O'Riordanand Rayner 1991,p.101).
naturethatshapedifferentdecision-making
strategiestowardglobalwarming. O'Riordanand Intheremainderofthispaper,I presenta more
Rayner identifythreedecision-makingstrategies-- focusedassessmentoftheadaptationand mitigation
prevention,adaptation,and sustainable perspectiveson globalwarming. Insome important
development -- and argue that each is based on a ways, this assessment is a synthesis of the three
fundamentally different concept of nature. The approaches that I have described above. Similar to
preventivists, they argue, believe that nature is the approach described by Glantz, I focus primarily
fragile and easily susceptible to catastrophic and on scientific, policy, and environmental elites,
irreversible change. The preventivist approach, although ! also examine the global warming
O'Riordan and Rayner (1991, p. 99) write, is problem from the perspective of the developing
underpinned '%y a conviction that it is morally countries. Like Glantz's approach and that used by
wrong to distort natural processes by human Morrisette and Plantinga, I focus on the practical
behaviour." The adaptationist approach, on the political and economic considerations of dealing with
other hand, is based on a cornucopian view of the global warming problem. Finally, similar to the
nature in which the environment is seen as flexible work of O'Riordan and Rayner, I assess some of the
and easily capable of adapting to change. O'Riordan basic, underlying values that characterize different
and Rayner (1991, p. 100) explain that "the ethical perspectives on the global warming problem.

32



- _J ....... Adaptation and Mitigation Strategies

4 TWO VIEWS: ADAPTATION AND the reports of both the synthesis panel and the
MITIGATION adaptation panel included dissenting opinions (in

the form of lengthy footnotes) that questioned the
For several years, natural and social scientists, reasoning employed by the adaptation panel --- an

policymakers, and environmentalists have been unusual feature for an NAS study. Also interesting
debating over two seemingly different views about is the fact that these dissenting opinions received
how society should respond to the global warming more attention in both the scientific and popular
problem: adaptation and mitigation. Proponents of media than did the findings of the adapta_.ion panel
the adaptation perspective tend to stress the (see, for example, Roberts [1991]).
capacity of society to adapt to changing conditions
in the environment through technological and The debate over adaptation and mitigation is
institutional innovations. Proponents of the not new. The broad outline of the adaptation and
mitigation perspective argue that taking steps to mitigation perspectives is clearly eviden _ in early
curtail or eliminate the emission of greenhouse works assessing the range of policy responses to
gases is the only reasonable, long-term approach to global warming (for example, see Mann [1983] and
the global warming problem. Although there is not Schelling [1983]), although in these earlier policy
an inherent dichotomy between the two approaches reviews, mitigation is commonly referred to as
(i.e., it is not an either/or decision; choosing one prevention. Just as Glantz and Solow have argued
does not preclude the other), the discussion within that the basic scientific foundations of the global
the scientific and policy communities concerning warming theory have not changed ali that much in
these two approaches has become polarized. 50 years, I would argue that the basic structure of

the policy debate (i.e., the concepts of adaptation
It may be, however, that the adaptation/ and mitigation) also has not changed fundamentally

mitigation model is not a very useful way to since it was first discussed seriously in the late
conceptualize the global warming problem.* 1970s. What has changed is our knowledge about
Nevertheless, for better or worse, it is the potential impacts from global warming, although
predominant conceptual model in the scientific and many analyst_ would argue that this knowledge is
policy literature. The relatively modest purpose of still inadequate for formulating specific policies. In
this paper is not to argue the merits of the addition, the political implications of the global
adaptation/mitigation model; rather, it is simply to warming issue have also changed. In the 1970s and
describe these two perspectives as they have been early 1980s, the debate over global warming was,
outlined in the scientific and policy literature, for the most part, confined to the scientific
assessing where they differ and how they are community. Today, it is at the top of political
similar, and offering an initial explanation on why agendas around the world, and the stakes include
the debate seems to be polarized, not only the fate of the earth's environment but also

the future of the world's economy. This debate
The release in 1991 of the National Academy of illustrates how different values can cause scientists,

Sciences (NAS) report on the policy implications of policymakers, and environmentalists to interpret
global warming, in which prospects for both the same facts differently.
adaptation and mitigation were assessed, clearly
illustrates how polarized the discussion has become.
The adaptation panel, which was one of four panels 4.1 Adaptation Perspective
(the others were science, mitigation, and synthesis),
put forward a relatively optimistic assessment of There are two themes within the adaptation
the capacity of the United States to adapt to a perspective: first, society has a built-in capacity to
moderate, greenhouse-induced climate change. But adapt to changes in climate and environment;

*Discussions during the conference on Global Climate Change and International Security, in fact, reflected
some misgivings among some conference participants about the usefulness of the adaptation/mitigation
model.
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second, the cost of preventing climate change may will be no more severe, and adapting to them will be
be so prohibitive that societies will chose adaptation no more difficult, than for the range of climates
over mitigation. While not mutually exclusive, already on earth and no more difficult than for
these two themes often appear independent of each other changes humanity faces" (p. 146).
other in the literature. Proponents of the first
theme tend to be agricultural scientists, engineers, A basic premise underlying this finding is the
resource economists, and geographers. Proponents capacity for societies to capitalize on technological
of the second theme tend to be economists and and institutional innovations (NAS 199 la; Ausubel
policy analysts. 1991). Technological innovations include advances

in crop varieties or farm machinery, while
Adaptationists note that according to current institutional innovations involve changes in the

scientific knowledge, even if the anthropogenic _ underlying political, economic, and social structures.
emissions of ali greenhouse gases were eliminated The emergence of land-grant universities in the
today, it is likely that the earth would still United States would be an example of an
experience some global warming as a result of the institutional innovation. With respect to
greenhouse gases that have already accumulated in agriculture, Crosson and Rosenberg (1991, p. 19)
the atmosphere (for example, see Houghton, explain how innovation in the face of climate change
Jenkins, and Ephraums [1990]). If this is indeed might take_piace:
the case, then some adaptation to a greenhouse- '
warmed world will almost certainly occur in the If farmers find that the alternatives
coming decades, regardless of what takes piace in available to them from among existing
the international political arena. Adapting to technologies and management practices are
climate change, however, is something that societies inadequate to compensate for the negative
are already accustomed to doing. For example, the impacts of climate change, they may face the
adjustments and adaptations that farmers on the prospect of going out of farming, and
North American Great Plains have made to drought perhaps leaving the region altogether. The
is well documented (for example, see Riebsame prospect could stimulate agricultural
[1990]). research institutions and those charged with

responsibility for agricultural policy to
One of the principal conclusions of the NAS invest more research to develop a new set of

panel on adaptation is that there is already a weil- technologies and practices better adapted to
established capacity in society for adapting both to the changed climatic regime.
a wide range of climate conditions and to climate
change (NAS 1991a). The Academy panel empha- Adaptationists argue that societies will continue
sizes the range of climates that people already live to adapt to climate change (either natural or
in as evidence of humanity's capacity to cope with anthropogenic) through technological and
wide variations in climate. The panel writes that institutional innovation. Indeed, Ausubel (1991)
"by adjusting to extremes of the current climate, ._ notes that the trend has been toward a lessening of
society has already made investments that would _ societal vulnerability to climate, and there is no
absorb some climate change" (NAS 1991a, p. 25). reason to believe that this will not continue, even in
The panel further explains that "the capacity of the face of a greenhouse-induced climate change.
humans to adapt is evident in the rapid techno-
logical, economic, and political changes of the past The adaptation perspective is also concerned
90 years" (p. 2). Not ali activities, however, will be with the potential long-term costs to society of
able to adapt easily. The panel notes, for example, pursuing meaningful mitigation strategies. Some
that water resources and natural ecosystems may economists, for example, do not see the motivation
be particularly vulnerable, and that poor countries for either wealthy or poor countries to pursue costly
will almost certainly have more difficulty adapting and uncertain efforts at controlling CO2 emissions
toclimatechangethan richcountries.The panel's (Lave1988;Schelling1991;Nordhaus 1991).With
conclusionis,however,thatfora gradualand respecttotheUnitedStates,Nordhausestimates
moderatechangeinclimate(thetypeofclimate thatonly3% ofnationalincomeoriginatesfrom
changeon whichitbaseditsassessment),"impacts sectorsthataresensitivetotheeffectsofclimate
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change, with perhaps another 10% of national and improve their capacity to adapt to changing
income being modestly sensitive. Nordhatm climate conditions if that becomes necessary.
concludes that the economic impact to the United
States of climate change that was induced by Adaptationists, whether they believe in the
doubling atmospheric CO2 would be small -- only capacity of society to overcome problems or question
about one-fourth of one percent of national income, the economic rationality of costly mitigation
Schelling (1991) agrees with this conclusion and measuresp do not dismiss the potential threat to
suggeststhatthesame islikelytobe trueforJapan societyfrom climatechange,althoughsome may
a_d WesternEuropeas weil.Schelling(p.202) arguethatitisbeingoverstated.Most adapta-
argues that "the countries that can afford to take tionists acknowledge that given the existing
serious measures to reduce carbon emissions may uncertainties about the climate system, there is a
not be able to perceive any narrow national interest risk of surprises and even catastrophic change.
in doing so." That risk, however, supports a policy of more

research, monitoring, and alertness, not a policy of
Given limited resources and competing potentially costly and misguided efforts at

interests, economists are also concerned with the mitigation.
opportunity costs associated with pursuing
mitigation strategies, particularly in developing
countries. This concern has been expressed by 4.2 Mitigation Perspective
Nordhaus (1£31, pp. 57-58):

In general terms, the mitigation perspective is
We might.., ask whether a major based on the proposition that there are existing,
commitment to slowing climate changes is a cost-effective strategies available now for reducing
worthwhile investment for developing emissions of COs and other greenhouse gases.
countries who are likely to be the regions Indeed, this was the finding of the NAS synthesis
most vulnerable to climate change .... To panel, which indicated that "the United States could
devote many billions of dollars of resources reduce its greenhouse gas emissions by between 10
to slowing climate change at the expense of and 40 percent of the 1990 level at very low cost.
equivalent investments in education, energy Some reductions may even be at a net savings if the
conservation, or tangible capital in proper policies are implemented" (NAS 1991b,
developing count6es would probably hurt p. 63). The conclusions of participants in the
poor countries and give little return in high- Second World Climate Conference were even more
income countries .... Faced with the specific with respect to reductions in CO2 emissions,
dilemma of a low social discount rate and a stating that "technically feasible and cost-effective
high return on capital, the efficient policy opportunities exist to reduce COs emissions in all
would be to invest heavily in high-return countries. Such opportunities for emissions reduc-
capital now and then use the fruits of those tions are sufficient to allow many industrialized
investments to slow climate change in the countries to stabilize COs emissions from the energy
future, sector and to reduce these emissions by at least 20

percent by 2005" (World Meteorological
In essence, Nordhaus is arguing for a strategy of Organization [WMO] 1990, p. 3).
mitigation through adaptation.* The tmderlying
assumption is that increased investment in The principal belief underpinning the mitigation
d_velopment in poor countries could lead these perspective is that according to current scientific
countries,inthelongrun,touse energymore evidence,globalwarming representsa potentially
efficiently,producelessgreenhousegasemissions, seriousthreatand thateffortsatreducingemissions

*The ideaofmitigationthroughadaptationissuggestedby Lave (1988),who arguesthatitwillbe the
preferredapproachby defaultbecause,givenexistinguncertaintiesand competinginterests,thecountriesof
theworldwillprobablynotagreetomitigation.
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of greenhouse gases are a prudent insurance policy that discussion of opportunities for adaptation is
against this threat. Again, this was a principal misplaced and even morally wrong. I will discuss
conclusion of the NAS synthesis panel. "Given the each of these premises.
considerable uncertainties in our 'knowledge of the
relevant phenomena, greenhouse warming poses a Miller, Mintzer, and Brown (1990, p. 70) have
potential threat sufficient to merit prompt recently argued that "cost-benefit analyses as
responses .... Investment in mitigation measures currently applied to the greenhouse problem do not
acts as insurance protection against the great provide sufficient or appropriate grounds for
uncertainties and the possibility of dramatic opposing immediate action to mitigate global
surprises" (NAS 1991b, p. 67). Similarly, Lave climate change." They base their conclusion on
(1988) also describes efforts at greenhouse gas several arguments. Most troubling in their view is
mitigation as an insurance policy. He writes that that such approaches tend to emphasize short-term
"most people voluntarily purchase life insurance, costs without fully assessing long-term benefits.
even though the likelihood of dying in a particular This is because the short-term costs are much easier
year is very small. I suspect that people would be for economists to identify than the long-term
willing to pay a premium for a policy that would benefits. Nevertheless, they argue that economic
protect against an inhospitable Earth a century or models cannot simply ignore "the fact that the full
so hence" (p. 464). range of consequences of changing one of the earth's

major physical systems cannot be foreseen" (p. 71).
In addition, proponents of mitigation also tend Miller, Mintzer, and Brown are also concerned that

to believe that many of the activities suggested as economic modeling approaches (particularly cost-
possible strategies for mitigating global climate benefit analysis) do not adequately address the
change -- improved energy efficiency, energy temporal and spatial distribution of global
conservation, and fuel switching -- make sense both warming_s potential consequences, particularly with
environmentally and economically, regardless of respect to the fact that developing countries may
climate change. (This is a view shared by many face a much greater burden from global warming
adaptationists as well.) Reductions in fossil fuel use than developed countries. Finally, they argue that
and emissions could lead, for example, to a more because economic models tend to emphasize short-F

competitive economy and less pollution. Stephen term costs, these models do not fully appreciate the
Schneider (1989) calls these activities "tie-in- capacity for technological innovation to reduce the
strategies" and argues that even if climate change is costs of CO2 mitigation in the long run.
overestimated, society will likely gain from these
activities. Others have referred to such approaches Much of the support tbr strong efforts at
as "win-win" or "no regrets" strategies, although mitigation is underpinned by a concern that the
definitions of what constitutes a win-win or no risks of unabated global warming are much greater
regrets approach may differ greatly, than the costs associated wit,h controlling green-

house gas emissions. The formal statement from
There are three other premises that often the 1988 Conference on the Changing Atmosphere,

underlie the mitigation perspective, al_ough they which called for a 20% reduction in global CO2
are not shared by ali proponents of this perspective, emissions by 2005, concluded that global warming
These include a concern that economic modeling as well as other threats to the global atmosphere
approaches that suffgest that the costs of reducing threatened international security, the world's
CO2 emissions would be prohibitive are narrowly economy, and the Earth's natural environment
based and do not adequately accolmt for long-term (WMO 1988).* Indeed, this threat was ranked
benefits; a fear that if global warming is not abated, second only to global nuclear war. The analogy
the future of the planet is in jeopardy; and a belief between global warming and nuclear war has been

*The conference, held in Toronto, was sponsored by the WMO and United Nations Environment Programme
and organized by the government of Canada. More than 300 scientists and policymakers from 46 _ountries
attended.
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made more emphaticallyby otherstounderscorethe adaptationormitigationapproachasIhave
argumentthatglobalclimatechangethreatensthe outlinedthem above.Inreality,therearefew
futureofmodern civilization(forexample,seeDotto proponentsofeitherperspectivethatargueibrone
[1988]).One neednotturntopredictio_tsofdoom, positionattheexclusionoftheother.In other
however,tofindexpressionsofrealconcernoverthe words,adaptationisi_srecognizetheneedfor
potentialimpactsofglobalclimatechange.For mitigation,and miti_gationistsaccepttheneed for
example,theWorking Group IIreportofthe some adaptation.Forexample,theNAS synthesis
IntergovernmentalPane]on ClimateChange (IPCC) pane]recommends actionsthatwillleadbothto
outlineda rangeofdamaging impactsthatclimate mitigatingand toadaptingtoclimatechange(NAS
changemighthave on globalagricultureand 1991b);Mathews (I,987)notesthatevenan
forestry,naturalecosystems,waterresott-ces, aggressivestrategytopreventclimatechangewill
human settlements,and theworld'soceansand noteliminatetheneedforsome adaptation;and
coastalzones(IPCC 1990). Crossonand Rosenberg(1991)explainthatwhile

adaptationand mitigationstrategiescanbe seenas
Finally,some advocatesofthemitigation substitutes,theyarealsocomplementary.The

perspectivehave questionedthereasu,_mgthat differenceintheseperspectivesisoneofemphasis,
underliestheadaptationperspective.The criticisms guidedinpartby how proponentsofone perspective
_eviedattheNAS adapt_tionpanelarea casein ortheotherseetheuncertaintiesand risks
point.JcssicaMathews, forexample,writesinthe associatedwithglobalwarming,how theyapproach
NAS synthesisreportthattheadaptionperspective thequestionofeq_ityindetermininghow to
isbasedon a misguidedassumption"thathuman respondtotheproblem,and how theyviewtherole
economicactivitiesarelargelydivorcedfromnature oftechnology.
and t.hatmodern technologyeffectivelybuffersus
[society]from climate"(footnotetotheadaption Both adaptationistsand mitigationistsrecognize
chapterinNAS [1991],p.45).Jane Lubchenco,a thatthereisconsiderableuncertaintyaboutthe
member oftheNAS adaptationpanel,objectedto eventualmagnitudeoftheglobalwarming problem,
thepanel'sconclusionthatadaptationtoclimate itspotentialimpacts,toldthecostsassociatedwith
changeintheUnitedStatesmay be relativelyeasy, takingactiontoeithermitigateoradapttoclimate
callingsucha conclusion"complacent."Rather, change.They differ,however,on how they
Lubchencoarguesthatthefindingsoftheadaption approachtherisksassociatedwiththisuncertainty.
panelshouldsupporta policyofmitigation. Adaptationists,fbrexample,tendtobelievethat
Elsewhere,Mathews (1987)has arguedthat thisuncertaintysupportsa prag_naticapproachthat
adaptationmay be ascostlyand as politically doesnotlocksocietyintocostlyand imprudent
difficulttoachieveas mitigation,thatadaptation policiesthat,inthefuture,couldprovemisguided
may widenthegap betweenrichcountriesthathave and uninformed_Inlightoftheuncertainty,
thecapacitytoadaptand poorcountriest_Latdo not, adaptationistsplaceemphasison therisks(or
and thatmitigationwillbe ne_ssaryeventually, opporttmltycosts)associatedwithtakingactionto
regardlessofprospectsforadaptation.O'Riordan respondb)climatechange.They pointtothe
and Rayner (1.991)arguethatfbrsome _roponents potentiallossineconomicgrowth,lostopportunities
ofmitigation(preventivists,tousetheirlabel),itis fordevelopmentamong pcmrcountries,and the
morallyand ethicallywrongtoendorsea strategy misallocationof'limitedresourcestopreventan
thatwould allowhumans todistortnatural uncertaineventfromtakingplace.Mitigationists,
processeswhen itisinthepowerofsocietyto on theotherh_vnd,seetheuncertaintyasone ofthe
preventthisfromhappening, primaryfactorssupportingimmediateactionto

forestallthepr_!blem.Thisuncertaintyunderscores
theprospectof!potentiallycatastrophicchangesin

4.3 Adaptation or Mitigation: the world's climate that could possibly be avoided by
A Matter of Emphasis _king action tc_day. Thus mifigationists emphasize

the risks associated with not taking action to
ltwouldbe difficulttoidentify_ny individual, addresstheglo:_alwarming prob|em:thelossof

organization,ornationthatpreciselyfitseitherthe economicgrowthbecauseofclimatechange,theloss
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of natural ecosystems, and the unfair burden that success to which society has been able to buffer
the impac_ of climate change would place on itself against changes in climate and the environ-
developing countries, ment in the past. Nevertheless, mitigationists do

tend to believe that technology will reduce the costs
To some degree, adaptationists place more of mitigation activities in the long run.

emphasis on intragenerational equity, while
mitigationists place greater emphasis on inter- O'Riordan and Rayner (1991) note that
generational equity, although the adaptationists do proponents of adaptation and mitigation do not
not dismiss the issue of intergenerational equity, disagree over the facts of global warming, rather
Proponents of adaptation are concerned with costs they differ on what those facts mean. Both
imposed on both developed and developing adaptationists and mitigationists are concerned
economies by pursuing potentially misguided efforts with the implications of global warming for present
and controlling CO2 emissions. Resources spent on and future generations and for the Earth itself.
controlling emissions in the present may be better Adaptationists, however, are concerned with how
spent on improving the capacity of both developed responding to global warming might affect society
and developing countries to respond to climate today, while mitigationists are concerned with what
change in the future. Thus, with respect to failing to respond to global warming will mean for
developing countries, the best approach to climate future generations. Adaptationist_ tend to see the
change may be.improving their prospects for long- global warming problem as manageable, whereas
term economic development rather than forcing mitigationists tend to see the global warming
them to control emissions of CO2. Mitigationists, problem as preventable. These differences
while not ignoring intragenerational equity, are demonstrate how making policy decisions about
clearly concerned with the fate of fitture generations complex scientific and technical issues are
and the Earth itself. Thus, imposing costs on influenced as much by values as they are by the
society in the present is justified as necessary in facts of the problem, lt is likely that during the
order to guarantee a liveable planet for future next decade, ongoing efforts to better tmderstand
generations. Furthermore, mitigatiomsts see many how global warming might affect climate, and thus
strategies for controlling greenhouse gas emissions affect economies and natural ecosystems around the
as measures that are justified irathe present for world, will greatly add to the knowledge base on
other economic and environmental reasons. They which to design policies for responding to global
therefore question the short-term costs of these warming, lt is unlikely, however, that the policy
measures, choices will somehow become self evident simply

because there is more information. The choice of

Both adaptationists and mitigationists see an what, _if anything, to do about global warming will
important role for technology as part of the solution ultimately rest as much on values as it will on facts.
to the global warming problem. Adaptationists are,
perhaps, more optimistic about the prospects of
tec_mological solutions than are mitigationists, but 5 THE PERSPECTIVE OF DEVELOPING
mitigationists do not discount the role that COUNTRIES
technology will play in developing mitigation
strategies. Most adaptationists believe that with It is worth looking briefly at how developing
the exception of some catastroghic change in climate countries view the global warming problem for two
(which they see as a remote risk), the outlook for reasons. First, the success of any international
society to adapt to future climate change through effort to address the global warming problem will
teclmological innovation is positive° Indeed, require the support of developing countries.
humanity has demonstrated a remarkable capacity Developing countries presently accotmt for
to adapt t_)all sorts of changes in the past. approximately 28% of global CO2 emissions from
Mifigationists question this rather optimistic the burning of fossil fuels (Ogawa 199I). If
assessmen/_ They believe that the timing and scale deforestation is included -- and estimates of its
of the changes that society is likely to face from contribution vary considerably -- developing
climate change will be unprecedented in human countries could account 'for more than 40% of total
history.Furthermore,theyquestiontheoverall globalcarbonemissions(estimatederivedfrom data



....... ' ' -- Adaptation and Mitigation Strategies

presentedinOgawa [1991]and Darmstadte_" forthem isratherhow tofosterdevelopment(with
[1991]).Equallyimportantisthefactthattherate orwithoutclimatechange).Developingcountriesdo
ofincreaseincarbonemissionsismuch greaterin notdismissglobalwarming;on thecontrary,many
thedevelopingcountriesthan inthedeveloped taketheproblemveryseriously,and _ome arevery
countries.Becauseoftherapidrateofpopulation activeincurrenteffortsatnegotiatinga global
growthand industrialization,developingcountries climatechangeagreement.Developingcountries,
willprovidethebulkofnew carbonemissionsinthe however,arequicktopointoutthatthechoice
comingdecades, betweenadaptationand mitigationisa luxuryfor

developedcountries.
Second,and directlyrelatedtothetheme ofthis

paper,many developingcountriesarenotpropo-
nentsof either adaptation or mitigation. Many 6 CONCLUSIONS
developing countries fear that they are trapped by
theglobalwarming issue.They haveneitherthe ltwould be unfairtosaythatthegeneralized

capacitytomitigateCO 2 emissionsnortheflexibil- descriptionsofadaptationand mitigationthatI
itytoadapteasilytochangingclimateconditions, have providedinthispapercapturetherangeof
yettheyarelikelytobe among themost vulnerable viewson globalwarming. Rathertheymerely
countries to the impacts of climate change (see represent two contrasting views along what could be
Jodha [1989]). Developing countries are also described as a continuum. While the adaptation
concerned that measures to control global CO2 emis- and mitigation perspectives lie on different sides of
siena will have a negative impact on their efforts to this continuum, they are not polar opposites. The
develop. Most developing countries will find it very extremes of this continuum might best be described
difficult, if not impossible, to sacrifice economic as the naysayers and the doomsayers, lt is likely
development in order to curb global CO2 emissions, that most perspectives about global warming (many
It is impossible for developing countries to separate of which are a mix of adaptation and mitigation) lie
the global warming issue from other issues of somewhere along this continuum, between what I
economic, political, and social development. These have described as the adaptation and the mitigation
include problems such as poverty, environmental approaches. Furthermore, not ali perspectives on
degradation, political reform, and fol_ign debt. global warming can be x_eatly placed along this

continuum. Developing countries, for example, tend
Furthermore, there is an element of distrust and not to see the global warming problem as a choice

disbelief on the part of developing countries toward between adaptation and mitigation. What
the developed countries. Many developing countries differentiates perspectives along this continuum
'believe that their contribution to the global (and off it, as weil) is not whether each
warming problem is being overstated and are acknowledges the facts of the global warming
suspicious of the international attention focused on problem (except, perhaps, for the naysayers) but
deforestation and environmental degradation in the rather how each interprets those facts. Differences
developing world. Some may even believe that the between the adaptation and mitigation perspectives
developed countries are cynically using the global reflect differences in the values that underpin the
warming issue to limit their development, current policy debate over how society should
Goldemberg and Durbam (1990) explain that many respond to the global warming problem. These
developing countries "feel they are being trans- values will guide decision making about global
formed into scapegoats in a problem for which warming as much as scientific and technical
developed countries are equally, if not more, information will.
responsible."Developingcountriesalsofee]that
sinceitisthedevelopedcountriesthatcreatedthe Ifperspectivestowardtheglobalwarming
problem,thedevelopedcountriesmust act'firstto problemliealonga continuuminwhichcomponents
resolveit. ofbothadaptationand mitigationmix,then

focusingon adaptationand mitigationseparately
The world'sdevelopingcountriesdo notseethe may notbe theidealway toconceptualizethe

questionofrespondingtoglobal:limatechangeasa problem.Ifthisisthecase,thechallengeisto
choicebetweenadaptationand mit;_ation;theissue devisea new way ofconceptualizingtheglobal
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warming problem that more fully captures the Houghton, J.T., G.J. Jenkins, and J.J. Ephraums,
range of perspectives toward global warming and 1990, Climate Change: The IPCC Scientific
how these perspectives might interact. However, Assessment, Cambridge University Press,
simply recasting the problem is not likely to resolve Cambridge, England.
the polarizations that exist between two seemingly
contrasting views. This polarization is based more IPCC, 1990, Potential Impacts of Climate Change,
on values that it is on the technical or conceptual report prepared for the Intergovernmental Panel on
merits of various policy strategies. Nevertheless, Climate Change by Working Group If, World
improving our ability to conceptualize and discuss Meteorological Organization, Geneva, Switzerland.
various perspectives and policy strategies could be a
useful step toward addressing the issue of values. Jodha, N.S., 1989, Potential Strategies for Adapting

to Greenhouse Warming: Perspectives from the
Developing World, in Greenhouse Warming:

7 REFERENCES Abatement and Adaptation, pp. 147-158,
N.J. Rosenberg et al. (editors), Resources for the

Arrhenius, S., 1896, On the Influence of Carbonic Future, Washington, D.C.
Acid in the Air upon the Temperatut_ of the Ground,
Philosophical Magazine, 41:237. Kempton, W., 1991, Lay Perspectives on Global

Climate Change, Global Environmental Change,
Ausubel, J.H., 1991, Does Climate Still Matter?, 1:183-208.
Nature, 350:649-52.

Lave, L.B., 1988, The Greenhouse Effect: What
Callendar, G.S., 1938, The Artificial Production of Government Actions Are Needed?, Journal of Policy
Carbon Dioxide and Its Influence on Temperature, Analysis and Management, 7:460-470.
Quarterly Journal of the Royal Meteorological
Society, 64:223-240. Mann, D.E., 1983, Research on Political Institutions

and Their Response to the Problem of Increasing

Crosson, P.R., and N.J. Rosenberg, 1991, Adapting CO2 in the Atmosphere, in Social Science Research
to Climate Change, Resources, 103:17-20. and Climate Change, pp. 116-145, R.S. Chen et al.

(editors), D. Reidel, Dordrecht, the Netherlands.
Darmstadter, J., 1991_ The Economic Cost of CO:_
Mitigation: A Review of Estimates for Selected Mathews, J.T., 1987, Global Climate Change:
World Regions, RFF Discussion Paper ENR91-06, Toward a Greenhouse Policy, Issues in Science and
Resources for the Future, Washington, D.C. Technology, 3(3):57-68.

Dotto, L., 1988, Thinking the Unthinkable: Miller, A., I. Mintzer, and P.G. Brown, 1990,
Civilization and Rapid Climate Change, Wilfrid Rethinking the Economics of Global Warming,
Laufier University Press, Waterloo, Ontario, I_ues in Science and Technology, 7(1):70-73.
Canada.

Morrisette, P.M., and A.J. Plantinga, 1991, Global
Glantz, M.H., 1988, Politics and the Air Around Us: Warming: A Policy Review, Policy Studies Journal,
International Policy Action on Atmospheric Pollution I9:163-172.
by Trace Gases, in Societal Responses to Regional
Climatic Change: Forecasting by Analogy, pp. 41.72, NAS, 1991a, Policy Implications of Greenhouse
M.H. Glantz (editor), Westview Press, Boulder, Warming: Report of the Adaptation Panel, National
Colo. Academy Press, Washington, D.C.

Goidemberg, J., mid E.R. Durham, 1990, Amazonia NAS, 1991b, Policy Implications of Greenhouse
and National Sovereignty, International Warming -- Synthesis Panel, National Academy
Environmental Affairs, 2:22-39. Press, Washington, D.C.

4o



,' '" "' Adaptation and Mitigation Strategies

Nordhaus, W.D., 1991, Economic Approaches to Schelling, T.C., 1983, Climatic Change:
Greenhouse Warming, in Global Warming: Implications for Welfare and Policy, in Changing
Eco,hemic and Policy Responses, pp. 33-66, Climate: Report of the Carbon Dioxide Assessment
R. Dornbusch and J.M. Poterba (editors), MIT Press, Committee, pp. 449-482, National Academy Press,
Cambridge, Mass. Washington, D.C.

Ogawa, Y., 1991, Economic Activity and the Schelling, T.C., 1991, Economic Responses to Global
Greenhouse Effect, The Energy Journal, 12:23-35. Warming: Prospects for Cooperative Approaches, in

Global Warming: Economic and Policy Responses,
O'Riord,an, T., and S. Rayner, 1991, Risk pp. 197-221, R. Dornbusch and J.M. Poterba
Management for Global Environmental Change, (editors), MIT Press, Cambridge, Mass.
Global Environmental Change, 1:91-108.

Schneider, S.H., 1989, The Greenhouse Effect:
Revelle, R., and H.E. Suess, 1957, Carbon Dioxide Science and Policy, Science, 243'.771-781.
Exchange Between Atmosphere and Ocean and the
Question of an Increase of Atmospheric CO2 during Solow, b.R., 1991, Is There a Global Warming
the Past Decades, Tellus, 9:18-27. Problem?, in Global Warming: Economic and Policy

Responses, pp. 7-28, R. Dornbusch and J.M. Poterba

Riebsame, W.E., 1990, The United States Great (editors), MIT Press, Cambridge, Mass.
Plains, in The Earth as Transformed by Human
Action, pp. 561-575, B.L. Turner II et al. (editors), WMO, 1988, Conference Proceedings: The Changing
Cambridge University Press, New York, N.Y. Atmosphere, WMO/OMM - No. 710, World

Meteorological Organization, Geneva, Switzerland.
Roberts, L., 1991, Academy Panel Split on
Greenhouse Adaptation, Science, 253:1206. WMO, 1990, Second World Climate Conference:

Conference Statement, World Meteorological
Organization, Geneva, Switzerland.

41



Section IH ' " - --

Comment I on Workshop in Adaptation and Mitigation Strategies

Why Greenhouse Warming Stays a Hot Topic

Dr. Rob Coppock
Panel on Policy Implications of Greenhouse Warming

National Academy of Sciences
Washington, D.C.

The rapidity with which greenhouse warming The third attribute is the way worldwide
burst onto the national and international political scientific activity makes up for periodic reductions
agendas is surprising. So too is the fact that it has in the importance accorded greenhouse warming in
remained of central interest despite the lack of any particular country. Scientists and other experts
understanding of the phenomenon exhibited by the from ali parts of the world are working on the
general public. Even with lackluster public causes and consequences of greenhouse warming.
response, politicians and governments around the For example, the Intergovernmental Panel on
world are advocating costly actions designed to Climate Change involved about 600 scientists from
counter greenhouse warming, ali parts of the world. This unusually large group

of geographically dispersed experts means that the
A certain amount of attention and concern is level of attention in a particular country can drop

necessary to establish and sustain the attention of and international momentum still be maintained.
government decision makers. There are several For example, activity may develop first in the
attributes of the greenhouse warming problem that United States, which stimulates work in Europe
generated enough attention and concern to propel it that continues after interest wanes in this country.
so quickly onto the international agenda and keep it Later, that European activity may rekindle atten-
in the forefront for action, tion here. The extent of international activity both

smooths over lulls in any particular location and
First, it is one of a new set of global problems increases the number of overall actions that may be

that is intimately connected to scientific analysis. A undertaken.
great deal of data has been collected and analyzed
since the early 1960s. Scientists have been care- Professional reinforcement provides the fourth
fully laying the groundwork for decades and have a element that helps sustain attention to greenhouse
solid foundation for addressing the problem. They warming. _e problem would never have been
were ready in 1988 to capitalize on the North recognized were it not for scientists. And it is
American drouglilt as a vehicle to bring the longer- scientists and other experts who provide the force
term problem of greenhouse warming to more wide- underlying the present concern about greenhouse
spread attention. In short, there is a large body of warming. Whether they work in universities,
knowledge about the problem and possible industry, or government, they derive much of their
remediative actions, motivation from their professional colleagues. Once

started, a groundswell of concern swept through
Second, greenhouse warming is a vivid problem professional channels and provided the basis for

with cortsiderable psychological impact. Following government attention to greenhouse warming. The
close on the heels of the antarctic ozone hole and political base for action on greenhouse warming is a
more widespread depletion of stratospheric ozone, it scientific constituency rather than the general
also demonstrates human capacity to directly alter population.
the physical planet on which we depend for
survival. Greenhouse warming is symbolic of some The fifth element also derives from the level of
of our deepest fears, scientific attention given the topic. The sheer
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magnitude of research and the frequency with All of these elements combine to make
which new results are reported keeps attention on greenhouse warming a unique issue. In essence,
greenhouse warming. Hardly a week goes by greenhouse wakening is a political issue-based on a
without a scientific meeting somewhere on some constituency of scientists and experts. Because it
aspect of greenhouse warming. With so much crosses political boundaries, however, it has
activity, there is bound to be a fairly regular flow of achieved a level of interest beyond other scientific
new ideas and findings. These, in turn, stimulate and technical problems. And because of its natural
even more analysis, base among these experts, it rapidly achieved

prominence once access to the political agenda was
Another aspect oi"the global appeal of opened. And the intrinsically global character of

greenhouse warming is the fact that the greenhouse the problem has provided momentum to keep it
problem involves all human activities in all parts there.
the world. People everywhere will feel the
consequences. More importantly, actions of each The strength of the influence of the scientific
individual are relevant. Every human can make a and expert communities on greenhouse warming
contribution, however small, to slowing the onset of policy may lead to different policy positions in
greenhouse warming, various countries. For example, industrial, scien-

tific, and other elites generally are more directly
The final element is the fact that many people involved in determining national policy in European

would like to see some of the actions that would countries than in the United States. The fact that

slow greenhouse warming taken for other reasons. European countries currently advocate carbon taxes,
Greenhouse warming is thus an issue with natural emissions caps, and other policy responses to
political coalitions. This enhances the appeal of greenhouse warning much more strongly than the
greenhouse wanning to many individuals and United States is consistent with a more direct policy
organizations, influence of scientists in those countries who are

deeply concerned about greenhouse warming.
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Connnent 2 on Workshop in Adaptation and Mitigation Strategies

Mitigation and Adaptation

Dr. Rob Coppock
Panel on Policy Implications of Greenhouse Warming

National Academy of Sciences
Washington, D.C.

Discussions of greenhouse warming policy often mitigation actions begin comparatively soon afl_r
confuse the meaning of the terms "mitigation" and they are taken, whereas the benefits of adaptation
"adaptation." This confusion occurs partly because emerge only aider climatic conditions change.
these terms were developed to describe physical
processes but have subsequently been used inappro- Mitigation and adaptation are sometimes
priately as labels for policy strategies. It also confused as categories, however, because individual
derives in part from misunderstanding of the basic interventions can lead to both types of conse-
character of the two categories of intervention, quences. For example, planting trees would both

offset emissions of carbon dioxide -- qualifying as
The National Academy of Sciences report Policy mitigation -- and contribute to an overall biosphere

Implications of Greenhouse Warming develops quite better able to cope with increased atmospheric
specific definitions. The NAS report refers to concentrations oi'greenhouse gases -- also qualify-
mitigation as actions that alter the rate of change in ing as adaptation. Similarly, actions that improve
the radiative balance of the planet, lt describes energy conservation and efficiency both reduce
adaptation as actions that assist human or natural greenhouse gas emissions and alter long-term
systems adjust to changed climatic conditions. In demand for energy.
other words, mitigation and adaptation each
describe actions that bring into play chains of cause Thus the terms "mitigation" and "adaptation"
and effect that lead to quite different physical are best thought of as descriptions of specific
consequences, physical phenomena that derive from given actions.

It is misleading to refer to mitigation strategies or
An important difference between mitigation and adaptation strategies because most practical action

adaptation is the time at which the benefits of these programs contribute to both types of consequences.
physical processes become manifest. The benefits of
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Section IV

Workshop in Political Institutions

Institutional Analysis and Global Climate Change:
Design Principles for Robust International Regimes*

Professor Michael MeGinnis

Political Science Department
Professor Elinor Ostrom, Co-Director

Workshop in Political Theory and Policy Analysis
Indiana University

Bloomington, Indiana

1 THE ROAD TO RIO state who will attend this meeting are summarized
as follows:

Scientific evidence suggests that human
activities have a significant effect on the world's * "Adopt an 'Earth Charter' setting out
climate_ Political pressures are growing to establish broad directions for development and
political institutions at the global level that would embodying new principles to govern
help manage the social and economic consequences relationships between governments,
of climate change. Disagreements remain about the peoples, and the planet in the twenty-
magnitude of these effects, as well as the regional first century."
distribution of the detrimental consequences of
climate change. In this paper we do not wish to * "Adopt an agenda for action --
enter into the complexities of these technical 'Agenda 21'... [that] will set out an
debates. Instead, we wish to challenge a seemingly internationally agreed-upon work
w._despread consensus about the nature of the program, including targets of national
political response appropriate to this global and international performance for each of
dilemma. Specifically, we question the extent to the critical issues .... The Agenda will
which the "answer" can be said to reside primarily include the estimated costs of achieving
in the establishment of the new global institutions those targets, and ways and means to
likely to emerge from the first "Earth Summit" -- provide the necessary financial resources.
the United Nations (UN) Conference on It will also contain an operational
Environment and Development -- scheduled for commitment to transfer the needed tech-
June of 1992 in Rio de Janeiro. nologies to developing countries. Most

importantly, it will designate the
In a single paragraph in a major report national and international agencies that

prepared for this process (MacNeill et al. 1991, will bear responsibility for the first phase
p. 110), the ambitious tasks awaiting the heads of of implementation."

*Copyright 1992 by authors. We appreciate the comments made by David Feeny, Roy Gardner, Barry Hughes,
Leo Hurwicz, Richard Kosobud, Vincent Ostrom, Karen Rasler, Vern Ruttan, Phil Schrodt, and Paul Turner
on an initial draft of this paper. Financial support of the National Science Foundation (Grant SES-4843901)
and the Workshop in Politics] Theory and Policy Analysis is gratefully acknowledged by Ostrom and
McGinnis, respectively.
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, "Review the negotiations underway on institutional arrangements to adopt innovative
several conventions, in particular those to measures to cope more effectively with local,
limit global warming, halt net deforesta- regional, and global environments.
tion, and preserve the planet's
biodiversity." The current emphasis on global solutions based

on international conventions meant to establish

• "Initiate significant reform of our inter- global institutions to manage environmental change
national institutions to enable nations to may be fundamentally misguided. Comprehensive
manage global interdependence and to negotiation sessions can too easily degenerate into
implement Agenda 21 as well as the public theater. The resulting treaties may amount
conventions." to nothing more than words on paper. The policies

of national governments, who are called upon to
In MacNeill et al. (1991), the Secretary General take the initiative to prevent deforestation and

for this "summit," Maurice Strong, strongly desertification, have, in many instances, been a
applauds these "far-reaching reforms of the major source of these problems. Why should
international system" and argues that the "case officials of national governments, who have obtained
made for broadening the concept of national security a major part of their income from large-scale agro.
to include [environmental] threats is compelling" forestry concessions, suddenly turn around and halt
(p. xi). Strong also suggests that the current UN these lucrative opportunities? Further, even if
Trusteeship Council should be "transformed into a protocols move from paper tigers to regulations with
forum in which the nations of the world would teeth, no guarantee exists that the emissions being
exercise their 'trusteeship' for the integrity of the reduced are the co_Tect ones in a particular
planet as a whole, including the global commons" environment.
(p. 124). MacNeil] and his co-authors extol this idea
of a new "Earth Council" as "another one of these Global climate change is, by definition, a long-
innovative formulations [that] reflects the quality of term process. Any effective political response must
imagination and the level of ambition that needs to be based on a similarly long-range perspective. The
be applied in developing new forms of governance to current state of scientific knowledge strongly
guide the planet through the next turbulent suggests that changes already underway will
decades" (p. 124). The idea of an Earth Council is continue to affect the world's climate for many
taking form in a proposal for a World Environment decades into the futu're. The political, economic,
and Development Forum (WEDF) that would meet and social consequen,;es of these climatic changes
annually to coordinate the implementation of the remain uncertain, but institutional innovations can
protocols adopted as part of this process (p. 126, be made now that will facilitate our ability to adjust
Figure 5.2). to future disruptions. Any such institutional

arrangement, however, must be long-lasting _nd
lt is difficult to know whether the passing days robust with respect to uncertain and dramatic

lead toward a process that will enable individuals to changes. Few political institutions satisfy these
better understand and confront the many multi-tier, demanding conditions.
complex problems that are called environmental
threats or whether the process may itself threaten Certain forms of global management might even
future capabilities to cope effectively with these intensify problems. This could be expected if this
problems.l If most of the efforts are directed process undermines existing institutions that enable
toward reaching agreement on protocols that individuals to govern and manage many local and
require drastic changes in the emissions of specific regional commons or cause these groups to lose
chemicals and the creation of new institutional their capability for innovation and discovery. This
arrangements to enforce these measures, then the is certainly what has happened in many developing
"cure" could be worse than the "illness. ''2 The countries where control over local resources was
process may be one of the many useful steps if most shifted from indigenous populations to central
of the efforts are directed t_)ward (1) gaining better governments (Feeny 1988a; Arnold and Campbell
understandings of complex, nested problems and 1986; Messerschmidt 1986; Gadgil and Iyer 1989;
(2) encouraging small-, medium-, and larger..scale Thomson 1977). There is a lot more to learn about
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complexlynestedenvironmentsaswellas complexly thecontributionformalmodelscanmake toour
nestedinstitutionsbeforepresumingthatglobal collectiveunderstandingofinstitutionalresponses
regulationistheway toimproveglobalconditions, toglobalclimaticchange.We concludewitha brief
Many proposedpolicychangesinvolveissuesthat examinationofthelessonsforbroaderissuesof
couldseverelyexacerbateconflictbetweenthe globalcooperationsthatcanbe derivedfrom prior
developedand developingpartsoftheworldand efforts_tarms control.
evenamong neighborswithina region.8 Thus,
regardlessofthetruthorfalsityofcurrent
predictions, issues that can affect future levels of 2 AN OVERVIEW OF
international cooperation and/or conflict are actively INTERNATIONAL REGIMES
being discussed in many substantive arenas.

Analysis of international cooperation has
We presume that major efforts will be made to typically examined the "international regimes" said

alter institutions so as to respond to the perceived to exist in certain substantive areas of international
threat of global warming. We hope that these interactions. In this research tradition, regimes are
changes would be based on the best evolving defined as follows:
scientific knowledge about factors that affect global
climate patterns. We also hope that adopted sets of implicit or explicit principles, norms,
changeswouldbe basedon thebestevolving rules,and decision-makingprocedures
scientificknowledgeaboutthefactorsthataffect aroundwhichactorexpectationsconvergein
human behaviorasthisbehaviorinturnaffects a givenareaofinternationalrelations.
globalclimate.Policychangesbasedon an Principlesarebeliefsoffact_causation,and
inadequateunderstandingofhow individuals rectitude.Norms arestandardsofbehavior
respondtoinstitutionalchangecanbejustas definedintermsofrightsand obligations.
damagingtoourcommon futureas changesbased Rulesarespecificprescriptionsor proscrip-
on an inadequateunderstandingofthegeneral tionsforaction.Decision-makingproced-
circulationmodels, ureaareprevailingpracticesformaking and

implementingcollectivechoice(Krasner
Thispapershouldbe viewedas oureffortto 1982,p.186).

reviewrecentliteratureon internationalregimes,
institationalanalysis,and on internationalsecurity Despiteconsensuson thisdefinition,scholarsdo
and arriveatpreliminaryunderstandingsoflessons notalwayshave thesame thinginmind when
thatapplytodesigningappropriateinstitutional discussingregimes.The term isusedtocoverbroad
responsestothedilemmasofglobalclimatechange, areassuchas theGATT systemofinternational
We beginby brieflysurveyingthebroadrangeof tradeas wellaslimitedareassuchas international
substantiveareasstudiedby researcherson tradeincraftsmade from illegallyobtained
internationalregimes.ARer summarizingthebasic elephantivory.Some authors(e.g.,Porterand
principlesand implicationsofinstitutionalanalyses Brown 1991,p.20)requirethata regimebe based
ofcommon poolresourceregimes,witha particular on principlesofinternationallaw establishedby
emphasison the"designprinciples"that some treatyorconvention,whileothersfocuson the
characterizerobustcommon-poolresource(CPR) regularitiesofpatternsofrelationshipsratherthan
regimes,we justifyourextensionoftheresultsof formalagreements.
researchon cooperationinsmall-scaleCPR
situationstoproblemsofglobalclimaticchange. Haggard and Simmons (1987)arguethat
We arguethata majordifferenceisthediversityof regimesdifferby strength,organizationalform,
actorsinvolvedintheglobalarenaand theneed to scope,and allocationalmode,butno systematic
carefully"nest"institutionalarrangementsatthe inventoryofinternationalregimesexists.Jacobson
local,regional,and globallevels.We offera rough (1.984)providesa systematiclistofinternational
typologyofthecollectiveactorstypicallyengagedin governmentaland nongovernmentalorganizations,
monitoringand sanctioningofinternational butno necessarycorrespondenceexistsbetweenthe
regimes.The diversityofpossiblecombinationsof establishmentofa formalinternationalorganization
actortypessuggestssome cautionarynotesabout and theexistenceofan internationalregime.
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Classic works in the international political economy comprehensive framework for the international
literature tbcus on cases selected to demonstrate the economy.
points emphasized in that analysis. For example,
Keohane and Nye (1989) contrast global regimes in Introductory world politics textbooks (e.g.,
oceans and money, as well as bilateral U.S. Hughes 1991, pp. 281-290) typically discuss a
relations with Canada and Australia; Keohane variety of arrangements concerning arms control,
(1980) compares the "strength" of regimes in the centered around the following major arms control
areas of oil, money, and trade; Krasner (1985) treaties (and associated acronyms):
examines different patterns oi'conflict between
North and South over regimes concerning civil * Global regimes
aviati,_n, multinational corporations, oceans, - Partial Test Ban Treaty (PTB) and
shipping, Antarctica, and official capital transfers. Threshold Test Ban Treaty
Proposals for new regimes often draw on lessons - Nuclear Non-Proliferation Treaty (NPT)
from earlier regimes, as in the Sebenius (1991)
evaluation of the prospects of a regime on global • U.S.-Soviet treaties
warming in light of the Ozone Convention and the - Strategic Arms Limitation Treaty (SALT) I
Law of the Sea Treaty. Of course, many other and II and ABM Treaty
studies offer detailed examinations of a single - Strategic Arms Reduction Treaty (START)
regime (see Aggm_val 1985; Benedick 1991; - Intermediate Nuclear Forces Treaty (INF)
Sebenius 1984). - Hotline Agreement and other Confidence-

Building Measures (CBM)
Some indication of the variety of arenas of

collective action covered by the term "regime" is • Regional arrangements
warranted. Textbooks on international political - Treaty of Tlatelolco (Latin America)
economy (e.g., Spero 1990; Blake and Walters 1987) - Conventional Forces in Europe Treaty
typically examine regimes in the following broad (CFE)
areas:

Harlan Cleveland (1990/91, pp. 11-13) focuses
• International trade (commodities, on the following 12 examples of successful

agricultural products, manufactured goods, international cooperation (using his terms):
and services),

• Weather forecasting,
• Money (currency exchanges and financial

transactions), • Eradication of infectious diseases,

• Development aid, • International civil aviation,

• Energy (especially oil), and • Allocation of the frequency spectrum,

• Multinational corporations (including • Giobalization of information flows,
technology transfer issues).

, Agricultural research and development,
In each of the first four areas, discussion of a
specific international organization dominates • UN peacekeeping and peacemaking,
analysis, namely, GATT, IMF, the World Bank, and
OPEC, respectively. Many analyses focus on • Cooperation in outer space,
differing patterns within a given regime, such as
contrasts between international trade in agri- o Law of the Sea Treaty,
cultural products and high technology. Also, much
attention has been given to abortive efforts to • UN High Commissioner for Refugees
establish a New International Economic Order (UNHCR),
(NIEO) that would have provided an even more
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• Ozone Treaty, and • Human rights,

• Antarctic Treaty. • International law of war,

Cleveland explicitly excludes arms control • War crimes,
arrangements. He also briefly mentions regional
arrangements-- like the European Community, . Terrorism,
NATO, and control of Mediterranean pollution
(P. Haas 1989) -- and global efforts of the World • International trade in illegal drugs,
Bank and UNICEF.

• International arms trade (including
Young (1989, p. 35 I) offers a relatively ballistic missiles), and

systematic listing of international interactions on
natural resources and the environment, including • International trade in toxic waste.
some areas lacking any effective means of
international coope,ration: Many other lists could be cited, but these

examples should suffice to demonstrate the
• Wildlife (whales, northern fur seals, polar limitations of relying on classification schemes

bears); based on the substantive issues involved. We
propose to use the theoretical framework of

• Marine life; institutional analysis to help suggest ways of
organizing a:_d extending work on international

• Wild fauna and flora (trade in regimes.
endangered species);

Debates on institutional responses to global
• Deep sea-bed minerals; change are dominated by the time-worn mind-sets

of The State and The Market. On the one side,
• Electromagnetic spectrum (broadcast economists (and other analysts) sing the praises of

frequencies, orbital slots); market processes and advocate the definition of
individual property rights as the standard soluti,,n

• Regional pollution; to most problems of resource use. On the othe"
side, advocates press for a single global standard of

• Radioactive fallout; behavior developed in an international convention,
the global stand-in for a centralized state. After

• Stratospheric ozone; expressing concern for the lack of formalized rules
or institutions in a particular issue area, this second

• Polar regions: group of advocates typically calls for establishment
Antarctica, of a new international regime, complete with a

- The Arctic (no regime); formal organization with either an I (for
International), G (for Global) or W (for World) in its

• Acid precipitation: acronym. Both markets and states are appropriate
Europe, solutions for some circumstances. However, these

- Other areas (no regime); two types of institutions do not, by any means,
exhaust the range of possibilities.

• Biological diversity (no regime); and

• Global climate change (greenhouse effect) 3 AN OVERVIEW OF INSTITUTIONAL
(no regime). ANALYSIS

These lists already overlap to some extent, but a Analysis and evaluation of alternatives to state
few important areas must be added, including and market has been the focus of the Institutional
examples of some unsavory business indeed: Analysis and Development (IAD) framework that
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has evolved out of several decades of work by To engage in an institutional analysis, one first
colleagues associated with the Workshop in Political has to understand the structure of incentives facing
Theory and Policy Analysis (Kiser and Ostrom 1982; actors in a situation, what choices are most likely to
E. Ostrom 1986; Oakerson 1986; Ostrom, Feeny, be made, and how these choices tend to produce
and Picht 1988; V. Ostrom 199la,b). In particular, particular patterns of outcomes. In other words, the
we will draw on research on institutional first question is: What type of situation is this? To

"arrangements in the management of common pool do this, one identifies a focal, conceptual unit, called
resources, usually in fairly small-scale settings. 4 A an action arena, that is utilized to identify the
major focus of this work has been on micro-level, structure of a problem and thus explain relevant
self.organizing, and self-enforcing capabilities, behavior and outcomes. Action arenas include an
More difficult to understand and essential for the action situation and the types of actors in that
question at hand is how macro-political orders situation. An action situation is composed of
enhance or detract from the capabilities of those participants holding diverse positions who make
directly involved in problem solving to create new decisions from among the alternative choices made
institutions or reform prior institutions to cope more available to them in light of the information they
effectively with their own problems. Work on multi- possess about the structure of the situation, the way
level institutional problems is underway but is far their actions link to outcomes, and the benefits and
more difficult than work at a single level of costs they will receive. To make a theoretical
analysis, prediction about the type of choices that various

types of actors will make in a situation, one needs
This work is relevant to the analysis of global to know: (1) the resources that an actor brings to a

change for two fundamental reasons. First, the situation; (2) the valuation that actors assign to
substantive natures of many local and global states of the world and to actions; (3) the way actors
problems are similar. Second, despite the vast acquire, process, retain, and use knowledge
differences in scale involved in local and global contingencies and information; and (4) the processes
commons, the configurations of the situations at actors use for selecting particular courses of action.
these levels are fundamentally similar. Thus, the
theoretical principles underlying successful
cooperation are also similar. Third, any global Formal, game-theoretical models can be
regime that undermines rite requisites for successful constructed to analyze the expected behavior of
cooperation at the local level is unlikely to be participants. Many situations can be analyzed
sustainable in the long run. using these components, including competitive

markets, principal-agent relationships, legislative
The lAD framework helps identify the broad and committee decisions, the harvesting of resource

components and relationships among those units from common-pool resources, and the
components that are considered important for work temptation to steal resource units from a common-
when doing institutional analysis. To undertake pool resource. For highly simplified and stylized
analysis of a problem -- such as how changes in versions of these "universal" situations, it is even
institutions related to global warming may affect possible to establish the configuration of
patterns of international cooperation and conflict -- institutional rules that yield optimal results
requires that the analyst draw on or develop (Hurwicz 1973). When the parameters of the
theories that spell out more fully the specific models capture most of the important parameters
variables involved in an analysis and the nature of involved in field settings, these models can be used
the mechanisms that relate variables to one to explain the types of outcomes obtained in the
another. For well specified problems, the analyst field and the likely response of individuals to
may be able to develop formal models that generate changes in the incentives that the individuals face
quite specific predictions within the range of the (see, for example, Plott and Meyer 1975; Shepsle
model's applicability. (We evaluate the prospects 197Pa,b, 1989). Applying models to field settings
for formal models of international cooperation on whose structures differ in crucial aspects from the
global climate change in a subsequent section.) models results in mis-specified analysis, just as it
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does when a physical model is inappropriately Rule configurations that generate an open,
applied, competitive _merket are optimally efficient when

used in relation to private goods (de Alessi 1988).
To address whether the models used t_ analyze Unfortunately, only a limited ntunber of the goods

policy-relevant, situations (e.g., deci_ons related to and services used by indi_ ;duals possess the
h_rvesting forests or using energy i_ources) are attributes of private goods. As soon as the goods
appropriate requires that analysts dig deeper than involved do not have these nice characteristics, it
the initial givens of a model, into the underlying can be shown that various aspects of "market
structure of a situation that generates these givens, failure" occur, and different types of institutions
Here the focus of an IAD approadt is on three broad other then those of an open, competitive market
classes of underlying factors: (1) relevant aspects of may be neeted.
the physical, biological, and technological world;
(2) relevant aspects of the broad cultural under.
standing and valuation of that world; and (3) the _2 The World of Common-Pool Resom'ees
n_sted configurations of rules that affect the
strategies that actors may, must not, or must take Common-pool resources (CPRs) do not possess
hz the situation of interest. The key problem in both of the nice characteristics of private goods.
designing effective institutions to control adverse CPRs are defined to be natural or manmade
effects on the environment is nmtehing the specific re_urces iLuwhich (1) exclusion is nontrivial (but
set of rules that are to be used with the attributes not necessarily impossible) and (2) yield is subtract-
and dynamics of the physical, b_,_logical, and able (Ostrom, Gardner, and Walker forthcoming).
technological world of relevance in a particular The globa'l commens definitely share this first
cultural milieu. In order to siml_lify our analysis, attribute. 5 If adverse _ffects to the stratospheric
we _ll not address the potentially important role of ozone or t_ the factors that could lead to severe
cultural values on behavior tow_trd an environment clmuges in weather patterns were to be averted, it
for our initial analysis and will l_ocusfirst on the w_,uld be difficult -- if not impossible -- to exclude
problemofmatchingruleconfi_arationstocomplex anyonewho had notcontributedtothiseffort.
physicalworlds. CPRs sharetheattributeofnonexclusionwith

anotherbroadclassofproblemsthatarereferredto
aspublicgoods(Ostromand Ostrom 1977).

4 MATCHING RULE8 TO F_/BICAL
WORLDS The _second attribute of CPKq that is shared

with private goods but not with public goods is the
subtractabilityoftheyield(Samuelson1954).

4.1 The World of Private G_mds Another term used to describe this attribute is
rivalness of consumption. Let us first illustrate this

When individualsengageintran_ctiensrelated attributewithexamplesdrawn fromresearchon
to private goods, matchir4 rule_ to pltysic_l worlds groundwater basins, irrigation systems, fisheries,
isrelativelysimple.Goods areconsideredtobe forests,grazinglands,computersystems,bridges,
"private goods" when: and oth_r natural or manmade resources that

g_emt_ a yield. Ali of these are resources that
• Ali aspect_ of the goods _md service_ that make available a flow of resource units over time.

individuals produce, distribute, buy, and Examples of the resource and its resource units
sellcan be excludedfromactorswho include,:(1)a groundwaterbasinand acre-feetof
would like to use them (,_r,alternatively, water pumped, (2) a fishing grounds and tons of fish
others can avoid having externalities of a harvested, and (3) a computer facility and process-
process dumped on themi) and ing time. The water withdrawn by a grotmdwater

pumper is not available to anyone else. Nor are the
• Any good consumed by one individual is fish caught by one beat or the central processing

unavailableforc_nsumptionby oflters unitsl_edby onefacultymember. The facilitiesor
(Ostrom m_d Ostrom 1977). resom'ces producing these units are, however, jointly

used by multiple individuals.
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When a few users first use renewable CPRs, recommending transferable quotas as the favored
what one person uses does not appear to subtract institutional solution for most fishery problems,
from what is available. Initially, the abundance of however, Wilson and Townsend have pointed out
units relative to demand masks the subtractability, that the models used to generate this institutional
In some resources, such as fisheries, initial solution are all based on a single-species fishery
withdrawals may actually increase the amount (Wilson 1982; Townsend 1986; Townsend and
jointly available. Fish compete for food resources, Wilson 1987). Multi-species fisheries must be
and harvesting some fish allows more fish to characterized by different dynamic models than
survive. If there are no rules in piace to limit the single-species fisheries. Complex patterns of
use of a CPR, and if the resource unit that can be interaction occur among species. Devising an
withdrawn is valuable, then the structure of the efficient, effective, and equitable transferable quota
situation leads users to invest more and more in system for a multi-species fishery is problematic
harvesting activities. After a threshold has been (see Copes 1986; Schlager 1990).
reached, each individual's investment and
harvesting activities adversely affect everyone else
using the same resource. 4_ The World of Conflgural Complexity

Without rules to allocate resource units, users Many of the physical systems of relevance for
competing with one another for ever scarcer units understanding global environmental problems are
may engage in destructive races against one not adequately modeled with the simple models of
another, and their actions may destroy the very the physical world that have been used as the
resource that is generating valuable yield for them. foundation for policy _commendations. Some
Garrett Hardin captured a key aspect of the models of land degradation, for example, presume
problem of an open-access CPR in his now classic that any human intervention in a watershed that
use of the term "tragedy of the commons. '_ increases the silt load carried downstream produces
Aristotlerecognizeda similardilemma when he a harm. Rawlins(1991)arguesquiteconvincingly
wrote:For thatwhichiscommon tothegreatest thatthemovement ofsiltfrom onelocationto
number hastheleastcarebestowedupon it anothermay enhanceoverallagricultural
(Politics,Book II,Sec.3).What Hardindidnot productivity.Whether themovement ofsilt
capturewas thecapacityoftheindividualsinvolved improvesordegradesagriculturalproductivity
insuchtragediestohavesufficientinsightintoLe dependson many attributes(temperature,soil
problemsthattheyfacedtorestructuretheirown densityand depth,costsoftransportation)that
ridesand changetheincentivestheyfaced, affectthepotentialofhigherversuslowersites.

Thus,whethermovingsiltislanddegradationor
where a resourceproducesa single,valuable landimprovementdependsupon many otherfactors

resource-unitwitha highlevelofpredictability thatarepresentina uniqueconfigurationinany
known to ali participants (or where storage particular watershed.
facilities, such as dams, enhance predictability), it is
possible to devise marketable rights or other simple Similarly, it appears that the effect of some
allocation rules that enable individuals to make chemicals on tropospheric and stratospheric ozone
efficient long-term use of the resource (Hurwicz depend on the amount of other chemicals present in
1973; Clark 1980). Fishery economists, for a micro- or meso-environment. Interventions based
example, drawing on the important work of H. Scott on incomplete understandings of these complex
Gordon (1954) and Milner Schaefer (1957), have processes can inappropriately attempt to regulate
repeatedly demonstrated how a transferable quota all environments as if they were similar in
system can solve the "'tragedy" of a fishing commons structure. Such interventions can be ineffective
and lead to an efficient equilibrium (Scott 1979, (and thus inefficient because of their cost) or even
1982). This has led to widespread acceptance counterproductive.
within many natural resource ministries that the
transferable quota rule is the most preferred policy A recent report released by the National
prescription for improving the efficient allocation of Research Council, for example, criticizes the U.S.
fisheryresources(Matthewsand Phyne 1988).In EnvironmentalProtectionAgency(EPA)forfocusing
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toostronglyon onepollutant(Commissionon isessentialiffutureregulationsaimed toprevent
Ge)sciences,Environment,and Resources1991). globalwarming aretobe effective.Charlsonand
Troposphericozone(smog)isgeneratedwhen two hiscoauthorsstronglyurgea researchprogramthat
classesofchemicalsreactinsunlight:(1)volatile combinesdatacollectionand modellingat smaller

organicchemicals(VOCs)and (2)eithernitricoxide as wellasglobalscales.
ornitrogendioxide(NO x)(seeStone[1992]).In
some 'regionsoftheU.S.,a highratioofVOCs to Anothernew studydemonstratingnonuniform

NO z exists. "In such regions," the report concludes, temporal reactions has been conducted by Thomas
"it may be better to concentrate on the less R. Karl of the National Climatic Data Center in
abundant pollutant to prevent the formation of Asheville, North Carolina (and reported on in the
ozone." February issue of Scientific American; see Beardsley

1992). Previous assessments of global warming
To make the situation even more difficult, one have presttmed that daytime and nighttime

source of VOCs has not been monitored until temperatures would increase equally as the level of
recently. 7 Trees and most plants produce greenhouse gases increases. Karl's study shows
biogenic VOCs (such as isoprene). Heavily wooded that temperatures in the Northern Hemisphere
areas would thus generate a high ratio of have increased primarily at night and have been
unmeasured VOCs to NOx, even if most msnmade recorded as daily minimum temperatures. "Daily
VOCs were eliminated. In such areas, applying a maxima, on the other hand --- generally recorded
uniform rule based on a model that smog can be during daylight hours -- have hardly increased at

controlled by reducing VOCs would be an ineffective ali in the U.S. and China and only a little in the
strategy. Given these recent findings, it may now Soviet Union" (Beardsley 1992, p. 21). The
be possible to understand why 20 years of heavy significance of Karl's and Charlson's work is
regulation has yielded little or no progress in the currently trader debate. But if sulfate aerosols do
reduction of'tropospheric ozone. Regulations have tend to counteract warming processes -- even those
been based on an oversimplified, universal model of during the day -- the implications for regulations
single-source smog production. While ali physical that focus on a reduction of pollution from fossil
processes follow universal laws, the particular fuels might have counterproductive consequences.
processes to be controlled in any specific location As Beardsley concludes (p. 24):
involve a complex, frequently nonlinear,
combination of the specific values of multiple If sulfate aerosol is indeed ameliorating
variables, daytime greenhouse warming, the

implications for public policy could be
Results from recent research on the effect of perplexing. Nighttime warming would still

diverse anthropogenic aerosols on global warming be ecologically disruptive and would still
reveal spatially and temporally nonuniform pat- melt glaciers. And the provisions of the U.S.
terns. Research reported on by R.J. Charlson and Clean Air Act and steps by other countries
colleaguesfrom many ofthemajorresearchlabs toreducepollutionfromfossilfuelsma_'
relatedtoAtmosphericSciencesintheJanuary24, have an unintendedeffect.Ifthesulfate
1992,issueofScienceshows a surprisingeffect theoryisright..,thedecreaseinsulfate
concerningtheroleoftzoposphericaerosolsin emissionsmighthastenglobalwarming.
producinga coolingeffect.Charlsonetal.(1992,
p.429)concludethat"anthropogenicsulfate Whilemuch more needstobe |earnedaboutthe
producesa mean radiativeforcingofthe[northern factorsaffectingglobalwarming,itdoesappearthat
hemisphere]climatethatiscomparablein many oftheelementsthatenterintoprocessesthat
magnitudebutoppositeinsigntotheanthropogenic changeglobalweatherpatternsarenotdistributed
perturbation in forcing by greenhouse gases." in a spatially uniform manner. Since the effect of
Further, they stress both the spatially nonuniform reducing the levels of one chemical depend upon the
distribution of and large uncertainties about the mixture of other chemicals present in the
magnitude of the presence of tropospheric aerosols, atmosphere, uniform rules are likely to produce
Trying to understand how these complex chemicals some counterproductive results as well as some
interact in different micro and meso climate systems ameliorative results. Successful efforts to control
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environmental problems may end up being those ties. Ali faced uncertain and complex environments.
that are best matched to micro- or meso- level In contrast to the uncertainty of the environment,
environments rather than trying to devise rules at a the populations in these settings remained stable
global level. That suggests that there is much that over long periods of time. Individuals shared a past
can be learned from prior studies of smaller-scale and expected to share a future, lt was important to
CPRs of relevance to global problems, individuals to maintain their reputation as a

reliable member of a community. Extensive norms
have evolved in ali of these settings that narrowly

5 PRIOR RESEARCH ON ROBUST defined "proper" behavior. Many of these norms
CPR. INSTITUTIONS made it feasible for individuals to live in close

interdependence on many fronts without excessive
Prior research has included an intensive conflict. Further, gaining a reputation for keeping

analysis of field settings where: (1) resource users promises, honest dealings, and reliability in one
have devised, monitored, and followed their own arena was a valuable asset. Prudent, long-term
rules to control the use of a CPR and (2) the self-interest reinforced the acceptance of the norms
resource systems, as well as the institutions, have of proper behavior. The most notable similarity of
survived for long periods of time. The youngest set all, of course, is the sheer perseverance of these
of institutions thus analyzed was already over 100 resource systems and institutions. The resource
years old. The history of the oldest institution systems clearly meet the criteria of long-term
exceeds 1,000 years. Ali of the institutions studied sustainability.
have survived droughts, floods, wars, pestilence, and
major economic and political changes. The robust The specific operational rules in each case differ
CPR institutions originally included grazing and markedly from one another. Thus, they cannot be
forest CPR institutions in Switzerland and Japan the basis for an explanation across settings. 'While
and irrigation systems in Spain and the Philippine the particular rules that are used within each
Islands (see E. Ostrom 1990). Since then, many setting cannot be the basis of an explanation for the
more cases of robust CPR institutions have been institutional robustness and sustainability across
studied, particularly related to irrigation systems these CPRs, part of the explanation is based on the
(see E. Ostrom 1992; Tang 1991, 1992). fact that the particular rules differ. By differing,

the particular rules take into account specific
In CPR institutions that have survived for long attributes of the related physical systems, cultural

periods of time, operational rules-in-use have not views of the world, and the economic and political
necessarily remained fLxedsince they were first relationships that exist in the setting. Without
initiated. Ali of these environmental settings are different rules, users could not take advantage of
complex arid variable over time. In such settings, it the positive features of a local CPR or avoid
would be difficult to get "the operational rules right" potential pitfalls that could occur in one setting but
on the first try, or even after several tries. These not others. Given the diversity of the settings, one
institutions are "robust" or in "institutional should not expect to be able to discover a single
equilibrium" in the sense defined by Shepsle. formulation or set of optimal mechanisms.
Shepsle (1989, p. 143) regards "an institution as
'essentially' in equilibrium if changes transpired Instead of similar rules, there are similar design
according to an ex ante plan (and hence part of the principles that characterize all of the robust CPR
original institution) for institutional change." In institutions. By "design principle" is meant an
these cases, the participants designed basic essential element or condition that helps to account
operational rules, created organizations to for the success of these institutions in sustaining
undertake the operational management of their the CPRs and gaining the compliance of _;eneration
CPRs, and modified the rules-in-use over time in after generation of participants to the rules-in-use, s
light of past experience according to their own Focusing on underlying principles rather than
collective choice and constitutional rules, specific mechanisms may enable us to learn lessons

from a wide diversity of small field settings that
While substantial differences exist among the have relevance to the design of robust international

robust institutions, ali share fm_damental similari- regimes. 9
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5.1 Design Principle 1: Clearly Defined developed methods to equate the costs of building
Boundaries and maintaining the irrigation system appropriately

to the benefits that are achieved. Some examples
Individuals or households who have rights to may help the reader understand the diversity of

withdraw resource units from the CPR must be specific rules that meet Design Principle 2.
clearly defined, as must the boundaries of the CPR
itself. * The Zanjeras of Northern Philippines. These

self-organized systems obtain use-rights to
Defining the boundaries of the CPR and of those previously unirrigated land from a large

authorized to use it can be thought of as a "first landowner by building a canal that irrigates
step" in organizing for collective action. As long as the landowner's land and that of a zanjera.
the botmdaries of the resource and/or the individ- At the time that the land is allocated, each
uals who can use the resource remain uncertain, no farmer willing to abide by the rules of the
one knows what they are managing or for whom. system receives a bundle of rights and duties
Without defining the boundaries of the CPR and in the form of Atars. Each Atar defines three
closing it to "outsiders," local participants face the parcels of land located in the head, middle,
risk that any benefits they produce by their efforts and tail sections of the service area where
will be reaped by others who do not contribute to the holder grows his or her crops. Responsi-
these efforts. At the least, those who invest in the bilities for construction and maintenance are
CPR may not receive as high a return as they allocated by Atars, as are voting rights. In
expected. At the worst, the actions of others could the rainy seasons, water is allocated freely.
destroy the resource itself. Thus, for any partici- In a dry year, water may be allocated only to
pants to have a minimal interest in coordinating the parcels located in the head and middle
patterns of appropriation and provision, some set of portions. Thus, everyone receives water in
participants have to be able to exclude others from plentiful and scarce times in rough propor-
access and appropriation rights. If there are tion to the amount of Afars they possess.
substantialnumbers ofpotentialusersand ifthe Atarsmay be soldtootherswiththepermis-
demand fortheresourceunitsishigh,thedestruc- sionoftheirligationassociationand theyare

tirepotentialofallusersfreelywithdrawingfrom a heritable(seeSiy 1982;Coward 1979).
CPR couldchangetheperceptionofusersregarding
the likely continuance of a flow of resource-units in • Thulo Kulo in Nepal. When this system was
the future. The more that participants fear for the first constructed in 1928, 27 households
future sustainability of the resource, the closer the contributed to a fund to construct the canal
situation is to that of a one-shot dilemma, where the and received shares to the resulting system
dominant strategy of all participants is to overuse proportionate to the amount they invested.
the CPR. (This is the logic behind Aristotle's The system has been expanded several times
assert, ion quoted above.) since by selling additional shares. Measure-

ment and diversion weirs or gates are
installed at key locations so that water is

5.2 Design Principle 2: Congruence between automatically allocated to each farmer
Appropriation and Provision Rules and according to the proportion of shares owned.
Local Conditions Routine monitoring and maintenance are

allocated to workteams so that everyone

Appropriation rules restricting time, place, participates proportionately, but emergency
technology, and/or quantity of resource-units are repairs require labor input from all share..
related to local conditions and to provision rules holders regardless of the size of their share
requiring labor, materials, andor money. (see Martin and Yoder 1983; Martin 1986).

Adding well-tailored appropriation and provision * The Huerta of Valencia in Spain. In 1435,
rules helps to account for the perseverance of the 84 irrigators served by two interrelated
CPRs themselves. Successful, long-enduring, canals in Valencia gathered at the monastery
irrigation institutions, for example, have all of St. Francis to draw up and approve formal
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regulations to specify who had rights to of good rules, however, does not account for
water from these canals, how the water participants following them. Nor is the fact that
would be shared in good and bad years, and the participants themselves designed and initially
how responsibilities for maintenance would agreed to the operational rules an adequate
be shared. The modern Huerta of Valencia, explanation for centuries of compliance by
composed of these plus six additional canals, individuals who were not originally involved in the
now serves abeut 16,000 hectares and 15,000 initial agreement. It is not even an adequate
farmers. The right to water inheres in the explanation for the continued commitment of those
land itself and cannot be bought and sold who were part of the initial agreement. Agreeing to
independently of the land. Rights to water follow rules ex ante is an easy "commitment" to
are approximately proportionate to the make. Actually following rules ez post, when strong
amount of land owned, as are obligations to temptations to act at variance with rules are
contribute to the cost of monitoring and present, is the significant accomplishment.
maintenance activities (see Maass and
Anderson 1986; E. Ostrom 1990). _l_e problem of gaining compliance to rules --

no matter what their origin -- is frequently
These three rule configurations differ markedly assumed away by analysts positing ali knowing and

from one another. The zanjeras are institutional all powerful external authorities that enforce
devices for landless laborers to acquire use rights to agreements. In the cases described above, no
land and water and might even be called communal external authority had sufficient presence to play
systems. The Thulo Kulo system comes as close to any role in the day-to-day enforcement of the rules-
allocating private and separable property rights to in-use. Thus, external enforcement cannot be used
water as is feasible in an irrigation system. The to explain high levels of compliance. This leads us
Valencian Huerta has maintained centuries-old land to consider the fourth and fifth design principles.
and water rights that forbid the separation of water Since they are so closely related, we will discuss
rights from the land being served. The Valencian them both together.
system differs from both "communal" and "private
property" systems because water rights sre firmly
attached to private ownership of land. 5.4 Design Principles 4 and 5: Monitoring

and Graduated Sanctions
Underlying these differences, however, is the

basic design principle that the costs of constructing, Monitors, who actively audit CPR conditions
operating, and maintaining these systems are and participant behavior, are accountable to the
roughly proportional to the benefits obtained, participants or are the participants.
Slogans, such as "privafization" or "think globally,
act locally" may mask important underlying Participants who violate operational rules are
principles rather than providing useful guides for likely to be assessed graduated sanctions (depending
institutional reform, on the seriousness and context of the offense) from

other participants, by officials accountable to these
participants, or by both.

5.3 Design Principle 3: Collective-Choice
Arrangements lt has been surprising to find that monitoring

and sanctioning are undertaken not by external
Most individuals affected by operational rules authorities but by the participants themselves in

can participate in modifying operational rules, the robust institutions. The initial sanctions used
in these systems are also surprisingly low. Even

CPR institutions that use this principle are able though it is frequently presumed that participants
to better tailor rules to local circumstances, since will not spend the time and effol_cto monitor and
the individuals who directly interact with one sanction each other's performance, substantial
another and with the physical world can modify the evidence exists from field settings as well as from
rules over time so as to better fit them to the the experimental lab (see Ostrom, Gardner, and
specific characteristic of their setting. The presence Walker 1992).
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To explain the investment in monitoring and Institutional analysis that simply posits an
sanctioning activities that occurs in these robust, external, zero-cost enforcer has not addressed the
self-governing, CPR institutions, the term "quasi- possibility that the rules devised by participants
voluntary compliance" used by Margaret Levi may themselves have a major effect on the costs,
(1988a, chapter 3) to describe the behavior of and therefore the efficiency, of monitoring by
taxpayers in systems where most taxpayers comply internal or external enforcers. Similarly, monitors
is very useful. She uses the term quasi-voluntary who do a good job are rewarded, and inadequate
compliance t_ describe taxpayer behavior in such monitors are punished.
taxing regimes. Paying taxes is voluntary in the
sense that individuals choose to comply in many Further, since the users tend to continue
situations where they are not being directly coerced, monitoring the guards as well as each other, some
On the other hand, it is "quasi-voluntary because redundancy is built into the monitoring and
the noncompliant are subject to coercion -- if they sanctioning system. A failure to deter rule breaking
are caught" (Levi 1988a, p. 52). Taxpayers, by one mechanism does not trigger a cascading
according to Levi, will adopt a strategy of quasi- process of rule infractions, since other mechanisms
voluntary compliance when they have: are in piace. Thus, the costs and benefits of

monitoring a set of rules are not independent of the
confidence that (1) rulers will keep their particular set of rules adopted. Nor are they
bargains and (2) the other constituents will tmiform in all CPR settings. When participants
keep theirs. Taxpayers are strategic actors design at least some of their own rules (Design
who will cooperate only when they can Principle 3), they can learn from experience to craft
expect others to cooperate as weil. The enforceable rather than unenforceable rules. This
compliance of each depends on the means paying attention to the costs of monitoring
compliance of the others. No one prefers to and enforcing as well as the benefits that those who
be a "sucker" (Levi 1988a, p. 53). monitor and enforce the rules obtain.

Levi views coercion as an essential condition to
achieve quasi-voluntary compliance as a form of 5.5 Design Principle 6: Conflict Resolution
contingent behavior. Enforcement increases the Mechanisms
confidence of individuals that they are not suckers.
As long as they are confident that others are Participants and their officials have rapid access
cooperating and the ruler provides joint benefits, to low-cost, local arenas to resolve conflict among
they comply willingly to tax laws. participants or between participants and officials.

The costs of monitoring are kept relatively low In many models of rule-governed situations, the
in many of the long-enduring CPRs as a result of rules that structure the strategies available to
the rules-in-use. Water rotation systems, for participants are unambiguous as well as enforced by
example, usually place the two actors most external, all-knowing officials. In field settings,
concerned with cheating in direct contact with one applying rules is never unambiguous, even when
another. The irrigator who nears the end of a the participants themselves are the monitors and
rotation turn would like to extend the time of his sanctioners. For individuals who are seeking ways
turn (and thus the amount of water obtained). The to slide past or subvert rules, there are always ways
next irrigator in the rotation system waits nearby that they can "interpret" the rule so that they can
for him to finish and would even like to start early, argue they meet it while subverting the intent.
The presence of the first irrigator deters the second Even individuals who intend to follow the spirit of a
from an early start, and the presence of the second rule can make errors.
il_gator deters the first from a late ending.
Neither has to invest additional resources in If individuals are going to follow rules over a
monitoring activities. Monitoring is a by_product of long period of time, some mechanism for discussing
their own strong motivations to use their water and resolving what is or is not a rule infraction is
rotation turn to the fullest extant, necessary to the continuance of rule conformance

itself. While the presence of conflict resolution
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mechanisms does not guarantee that participants 6 THE GLORAL RELEVANCE OF
are able to maintain enduring institutions, it is RESEARCH ON LOCAL CPR REGIMES
difficult to imagine how any complex system of rules
could be maintained over time without such There are several reasons why we think the
mechanisms. In some cases, conflict-resolution lessons learned from past research on micro CPRs
mechanisms are quite informal, and those who are have substantial applicability to the problem of
selected as leaders are also the basic resolvers of dealing with patterns of international cooperation
conflict. Furthermore, networks of face-to-face and conflict over the potential threat of global
communication are essential to the fashioning, warming. These include:
revision, and maintenance of mutual
understandings and social accountability. * The analytical structure of some of the

problems related to global warming shares
similar features with the analytical structure

5.6 Design Principle 7: Minimal Recognition of many local CPRs.
of Rights to Organize

• Starting with theories and models devised for
The rights of participants to devise their own the analysis of local CPRs may speed the

institutions are not challenged by external work in developing theories and models at a
governmental authorities, global level.

Participants frequently devise their own rules * Many of the problems related to global
without having created formal, governmental warming (e.g., deforestation) are themselves
jurisdictions for this purpose. As long as external the result of inadeqtmte solutions at a micro
governmental officials give at least minimal recogni- level of a complementary and interactive
tion to the legitimacy of such rules, participants commons problem.
may be able to enforce the rules themselves. But if
external governmental officials presume that only To the extent that global warming shares
they can make authoritative rules, then it is very analytical attributes with other CPRs, the
difficult for local participants to sustain a rule- theoretical and empirical lessons learned from
governed CPR over the long run. At any point studying micro-level phenomena may "scale-up" so
when participants wish to break their rules, they that direct lessons may be learned. It is certainly
can go to the external government and get local the case that the attribute of nonexclusion is
rules overturned, shared. Is the second attribute of "subtractability"

shared as weil? Yes, it would appear so -- only in
the reverse direction. The term "rivalness" may be

5.7 Design Principle 8: Nested Enterprises an easier term to use in this connection. If one
thinks of carbon emissions as "using up" a natural

Appropriation, provision, monitoring, capacity to absorb carbon in the atmosphere, then
enforcement, conflict resolution, and governance the units of natural capacity used up by carbon
activities are organized in multiple layers of nested emissions in one country are not available to be
enterprises, used up by any other country. Similar to fisheries,

initial carbon emissions may actually generate joint
Ali of the more complex, enduring CPRs meet benefits for everyone in terms of increased plant

this last design principle. This is probably one of growth induced by higher levels of CO2 in the
the most important design principles when one atmosphere.
begins to think about global rather than local CPRs.
If different environmental zones need to be A second major point of similarity is the shared
regulated in diverse manners in order to achieve the concern for finding means to cooperate despite the
same outcomes, it is quite essential that there be absence (or disinterest) of a higher level of political
governance mechanisms at ali levels and ways of authority. Research on international regimes has
effectively communicating and resolving conflict emphasized the ability of governments to cooperate
between units at one level and across levels, in an environment of "anarchy," defined as the
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absenceofany centralauthorityatthegloballevel, be thecasethatkey variablesareidentifiedin
Politicalorderattheinternationallevelisprimarily micro-leveltheoriesand models.Startingwiththe
selfenforcing,inthesensethatgovernments work atthislevelmay saveconsiderabletimewhen
frequentlyresorttomilitaryforcetoachievetheir contrastedwithan efforttomove tothegloballevel
goalsortorestorethe"peace."Despiteitsobvious directly.Even thoughitisimpossibletocompletely
shortcomingson normativegrounds,war remains decomposeglobalproblemsintoentirelydiscrete
theultimatemeans ofconflictresolutionthatmay subproblems,workingupward may enablesolutions
neverbe dispensedwithuntila complex,multi- tobe reachedfasterthan startingfrom theglobal
tieredworldgovernmentisestablishedinsome and workingdownward R atleastforsome subset
remotefuturetime. ofproblems(seeAshby 1960;Polanyi1951).

Sincemany ofthemicrosettingswhere As an exampleofa globalproblemrootedin
individuals have jointly devised their own inadequate local arrangements, consider the
institutions have existed far from the purview of contribution of deforestation to global climatic
national, regional or local government officials, the change (Cruz 1991). Deforestation may be the
design of these institutions and their enforcement result of conversion from lower-valued to higher-
has not always depended on the presence of a valued uses. It may also be the result of either
"State." Many of the self-organized institutions (1) ill-defined property rights where the transaction
devised in these micro settings are not dependent costs of gaining clear property rights (whether
upon enforcement of their rules by external officials, strictly private or communal) are very high, or
Further, since many of these micro institutions are (2) the creation a concession economy as the
neither a market nor a state, we may gain insight foundation for resource mobilization by national-
to alternative international institutions from government officials (for their government as well

studying these micro institutions, as for themselves). Problems like deforestation will
deteriorate still further until more effective

Considerable caution has to be exercised in institutional arrangements can be devised at the

moving from micro to macro levels, since a change local level. Given the varieties of physical
in scale frequently changes the structure of environments that exist within even one country, no
situations dramatically. On the other hand, it is single set of rules related to the use of forests will
not appropriate to dismiss the possibility of lessons create appropriate incentive systems for all
acquired from studying micro institutions applying individuals whose decisions affect the regeneration
to macro institutions simply on the basis of a of forests over time.
distinction between supposedly homogeneous local
groups and the heterogeneous actors involved in the As discussed above, CPRs do not have the "nice"
global system. Many successful CPR regimes are attributes that are needed for a market to work
complex structures and include individuals from effectively. Nor do inflexible hierarchical
diverse cultural groups. Homogeneity may make it arrangements work effectively in relationship to
easier for groups to attain the degree of common spatially nonuniform problems. The inability to
understanding essential to the operation of robust prescribe markets or hierarchies as solutions to
CPR regimes, but none of the design principles CPR problems has profound implications for the
listed above require actor homogeneity. Even very study of institutions related to international
diverse actors can arrive at a degree of common cooperation and conflict over global change. First, it
understanding sufficient to enable them to means that instead of seeing global change as
effectively deal with their common problems, another "issue area" where a market or an

"international regime" could be created to regulate
Analyzing complex patterns of interaction in the the problem, one should first attempt to understand

simplest possible example of the structure (the the key linked situations that affect global weather
biologist's strategy) may enable the analyst to patterns. Some of these situations create incentives
understand the way things work in the simplest leading actors to use various combinations of energy
exemplar without being overwhelmed by the sheer sources in different parts of the world. Others
complexity of the problem. To the extent that work relate to the structure of incentives leading actors to
at a micro level does not easily scale up, it still may clear previously forested areas. Still others have to
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do withthestructureofincentivesleadingactorsto changeinbehaviorthana new international
increaseordecreasethenumber ofanimalsgrazing conventionwhose pronouncementsarenothing
indifferentpartsoftheworld(fortheireffecton much more than wordson paper.
surroundingterrainand theirproductionof
methane gas).Whileallofthesesituationsjointly On theotherhand,we arecautiousaboutcasual

affectthelevelofCO s intheworld'satmosphere, analogies.We fullyrecognizethatthereare
thelogicbehindthesesituationsdiffers substantialdifferencesirltherangeofactors
substantially, involvedinmany globalproblems.In many ofthe

microstudies,theactorsinvolvedareindividuals
Second,itmeans recognizingthatproposed whose own livelihooddependsstronglyon solutions

changesinrules(orintechnology)willhave tousea resourcesystemmore efficientlyovertime.
differenteffectsaroundtheworld.The attempt,for Inmany localcommons aroundtheworld,individ-
example,tocreatea worldwidecarbonemission ualsdo deviseforthemselvesratheringenious
permitsystemislikelytohave drasticallydifferent institutionalarrangementsthathave enabledthem
effectsin (1)openpoliticaleconomiesthathave tomake productiveuseoffragileresourcesystems
alreadyestablishedcompetitivemarketsand overlongperiodsoftime.Even then,thereare
political-legalsystemsthatarerelativelypredict- many "tragediesofthecommons" inthesesituations
able,responsive,and accountablethanitwouldin where individualsas principalsinteractdirectly
(2)closedpoliticaleconomieswithmercantilist withone another.Once we move totheproblemof
market systemsand uncheckedand rampant rent- theglobalcommons,inadditiontothemillionsof
seekingamong publicofficials.Ignoringforthe individualswho make choices,we add many
moment theextraordinarilydifficulttaskof corporateactorswho aredesignatedas theagents
achievingtheagreementofmost nationalgovern- forcomplexpublics,and theirbehaviorisfarmore
ments to a particular permit system, the complex. Yet many corporations and national
implementation and monitoring of a permit system governments can reasonably be expected to exist for
in the United States is an entirely different problem long periods of time, providing their agents with
than the implementation and monitoring of that incentives to establish predictable rules of behavior
same permit system in almost any country of the that reduce future levels of uncertainty (Keohane
developing world. 1984). One issue that we emphasize below is the

extent to which the nature of these collective action

Third, recognizing that the outcomes of organizations affects the patterns of monitoring and
individual choices that affect global change occur in sanctioning that can realistically be expected to
many differently structured situations that are occur in any global regime.
embedded in a wide diversity of institutional and
cultural settings leads to a further recognition that
no uniform set of rules imposed at the international 7 A PRELIMINARY TYPOLOGY OF
level is going to "solve" the problem of global INTERNATIONAL ACTORS
warming. Whether the wide diversity of variables
that affect global weather patterns are changed so Many of the prior applications of the IAD
as to reduce the risk of global warming (or, framework have been to situations where the actors
alternatively, reduce the adverse consequences that are individual persons or firms. One of the
global warming would have in some locations) will challenges of our current assignment is to apply this
not depend alone (or perhaps even strongly) on framework to situations where the actors involved
sweeping changes written in treaties made at large- are far more diverse and where the corporate nature
scale, international meetings and ratified by of the actors is particularly relevant to predictions
national governments. Such meetings may indeed about activities and outcomes. A diverse array of
be crucially important if they provide an organizational actors participate in the global arena,
opportunity for open discussion of truly difficult and including national and subnational governments,
complex problems that need multiple solutions at international governmental organizations (IGOs),
multiple scales. But the change in human under- domestic economic corporations and multinational
standing of the nature of the problems involved may corporations (MNCs), domestic nongovernmental
be far more important in the first instance for a organizations (NGOs), and international
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nongovernmental organizations (INGOs). We TABLE 1 Classification of Actor Types
propose a typology of actor types based on the three-
fold characterization of political, economic, and
epistemic contingencies that constitute patterns of Scope of Activities
order in human societies (V. Ostrom 1991b). The Primary Arena
point of this typology is not to locate any particular of Activity Domestic International
organization in some pigeonhole but rather to
identify the combinations of interests and Political National IGOs

governments;
capabilities that most commonly impinge on other bureau-
international cooperation, cratic agents

Groups of individuals form different types _f Economic Domestic MNCs
collective action organizations to pursue diverse corporations
goals. Individual agents in different organizations
are then authorized to undertake specific actions. Epistemic NGOs; technical INGOs;epistemic
In addition to their personal goals, agents of experts communities
economic corporations are driven by pursuit of
profit; political agents are driven by a desire to
remain in office and to achieve certain policy goals; merits of alternative solutions. In other words,
and agents of NGOs strive to attain the purposes technical experts share a "common understanding"
that inspired formation of that type of organization, that can provide a basis for political cooperation.
Some INGOs, such as Amnesty International, are The phrase "epistemic community" frequently
widely regarded as impartial sources of information appears in analyses of the prospects ibr increased
relevant to various areas of international relations, international cooperation on environmental issues
Others, such as Greenpcace, become direct action (P. Haas 1992). Technical experts may play a large
groups that play a distinctive, confrontational role role in monitoring governmental or corporate
in political processes, behavior, by providing an impartial source of

information upon which sanctions could be based.
Even though any particular association may be Even if the information provided by "public interest"

simultaneously engaged in economic production as groups is seen as biased, competing information
well as rule-making and knowledge-generating provided by more blatantly self-interested corporate
activities, different types of associations tend to groups can also be taken into account. It is
emphasize one or the other type of activity. In important to realize that no one group, nor any type
Table 1, we use these characteristic goals and/or of collective actor, has a monopoly on legitimate
arenas of activity to differentiate among the type of participation in these inherently political processes.
actors most relevant to analyses of international
cooperation. (We differentiate among governments For our purposes, a particularly important
grounded in fundamentally different forms of distinction is the scale of the activities of collective
political order below.) action organizations. We have in mind especially

the standard distinction between "domestic" and
It is important to treat actors in the epistemic "international" organizations (see Table 1). The

category as having distinctive interests and prominence given "sovereign states" in the inter-
capabilities rather than relegating them to a national relations literature and in practice requires
residual "other" category left afl_r political and this distinction be used for some analytical
economic actors have been identified. For example, purposes, even though many important actors and
Peter Haas (1989) emphasizes the role played by networks transcend national boundaries. In
technical experts in establishing the political general, agents of collective action organizations
preconditions for effective control of pollution in the formed by members of the same political community
Mediterranean Sea. He argues that regimes are may tend to pursue different goals than agents of
most effective when based on consensus among a organizations drawn from multiple communities.
technically informed "epistemic community" about For example, agents of national governments pursue
the nature of the problem to be solved and the different goals and fulfill different roles than do the
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"international civil servants" that carry out the income. The task of reconciling such a wide
activities of IGOs. Similarly, domestic corporations diversity of interests is truly Ibrmidable.
may have interests that are systematically different
from multinational corporations, especially Although we cannot provide a comprehensive
regarding such matters as restrictions on foreign survey of the interests of the organizations that will
trade or currency exchanges. Although domestic be involved in establishment of a global climate
and international NGOs tend to resemble each other regime, we can discuss some general design
more closely, in some circumstances the distinction principles that may facilitate establishment of a
between NGOs and INGOs may be important, stable and robust regime. The "design principles"

discussed above are relevant to the development of
Some organizations are difficult to locate in any any regimes intended to be robust and long lasting.

one of these categories. Should cartels of drug We realize that difficulties exist in scaling up
dealers be treated as multinational corporations? principles of local commons regimes to the global
Or should drug cartels and terrorist groups be scale, but it is not necessary to apply these
included in the same NGO (or INGO) category as principles to global institutional arrangement as a
religious and scientific organizations? Do some single regime. It may indeed be counterproductive
national governments engaged in the international to visualize establishment of a single, integrated,
arms trade tend to take on the interests and g]0bal management scheme covering ali issues of
characteristics of purely economic agents? Despite global warming, deforestation, desertification, and
some remaining ambiguities, these basic distinctions other forms of environmental degradation.
among governments, IGOs, domestic corporations,
MNCs, and domestic and international NGOs A more appropriate conceptualization is based
remain valid for many analytical purposes, on the idea that sustainable global regimes must

make sense at ali levels of aggregation -- local,
regional, national, transnational, and global.

8 NEGOTIATIONS AND THE DESIGN Institutional arrangements at these multiple levels
OF NESTED REGIMES must be nested in such a way that the institutions

at each level are robust with respect to the type of
Collective-action organizations with a wide challenges that are likely to arise at that level. For

variety of interests will contend in upcoming if the local manifestations of a global regime fail to
negotiations to establish a global convention on satisfy the design principles identified above, then
limiting emissions of greenhouse gases. The that regime is subject to fragility and eventual
governments of advanced industrial democracies dissolution.
must respond to pressures from domestic environ-
mental groups as well as the economic corporations This nesting cannot be expected to happen
that produce the vast array of consumer goods automatically. Quite the contrary is the case, since
deemed essential to our modern society. Govern- successful management of resources by some local
ments of developing countries must strike a balance group often imposes negative externalities on other
between external inducements to minimize environ- groups. In such circumstances, some means must
mental degradation (especially deforestation and be found by which representatives of affected groups
desertification) and domestic pressures for economic can come together to establish mutually beneficial
growth and development. Multinational and institutional arrangements. Despite the current
domestic corporations seek stable and predictable emphasis on state-to-state negotiations, this type of
laws and regulations that will facilitate their interaction should be expected to take piace at ali
continuing pursuit of profits. Private voluntary levels of aggregation.
organizations will press the claims of scientists and
environmentalists, no doubt too vigorously for the This process itself raises the standard problems
comfort of the leaders of established governments of principal-agent relations, that is, the difficulty of
and corporations. Finally, international civil insuring that an agent selected to act in the name
servants will press for establishing additional levels of a principal will indeed pursue the interests of the
of bureaucracy at the international level as well as principal rather than acting solely out of self
insuring access to more regularized sources of interest. Ideally, arrangements at local and
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intermediate levels are incentive compatible, in the payments of various sorts, in order to complete a
sense that the interests of agents are somehow mutually advantageous package deal.
made to coincide with the interests of the principal.
The design principles identified above, when applied In addition to the standard problems of
to institutional arrangements at the local level, may collective action, negotiations over global climate
be said to constitute necessal_, but not sufficient change are complicated by an unusual degree of
conditions for establishment of a robust global inherent uncertainty. Although some regions may
regime. In order to establish a robust, multilevel b_nefit from global warming while others suffer, the
regime, additional design principles can be used to identity of potential winners and losers remains
guide efforts to make institutional arrangements at very uncertain. Also, regions that benefit from
the local, regional, and global levels mutually early aspects of climatic change might later suffer
reinforcing, dire consequences as changes accumulate or

accelerate. In effect, ali governments and other
One important design principle relevant to all organizations may consider themselves to be

levels of aggregation is that institutional arrange- potential losers, simply because even successful
ments must remain tied to the physical realities of adjustments to changing environments are likely to
the environmental situation..Thus, if the bound- prove costly. Butthese costs remain in the future,
aries of a river basin do not correspond to the whereas the policy changes being proposed may
official boundaries among sovereign states, groups impose very real short-term costs on certain
within all affected states must be included (whether governments or corporations.
or not ali national governments are directly
represented). An example of relatively successful This is an example of a classic dilemma of
cooperation among a large group of heterogenous collective action: a large group of potential
governments is the control of pollution in the Medi- beneficiaries facing diffuse and uncertain gains is
terranean Sea (P. Haas 1989, 1990). Intergovern- much harder to organize for collective action than
mental negotiations should not be considered the clearly defined groups who are being asked to suffer
only, nor even the best, forum for the cooperation easily understandable costs. To overcome the
needed to address theconsequences of environ- resistence of "blocking coalitions" most adversely
mental change. Sometimes international agree- affected by any agreement (Sebenius 1991), one of
ments play an important role, but they rarely (if two types of leadership is crucial. First, small
ever) tell the whole story. Although it might seem privileged groups may find it in their interests to
obvious that a global problem like greenhouse directly provide the public good (Olson 1965).
warming necessarily requires a solution that is Second, some political (or other) entrepreneurs may
similarly global in scope, no global regime can take the lead in educating members of the relevant
remain robust if it neglects to take account of local groups as to the nature of the common problem they
circumstances or the conflicting interests of smaller- face. The record of robust CPR regimes reviewed
scale collective action organizations, above clearly demonstrates the ability of individuals

to solve difficult dilemmas of collective action even
Perhaps the most important nesting principle is in the absence of a dominant leader.

that the interests of ali relevant groups must be
incorporated in the ultimate agreement, or else the In the international political economy literature,
regimes's sustainability will be undermined by those the role of the United States in establishing the
groups whose interests are excluded. It is not post-World War II economic order is emphasized, as
enough to impose an arrangement by majority vote are the difficulties of achieving policy coordination
(of, for example, the UN General Assembly), for in the absence of a hegemon (Keohane 1984).
those groups whose interests are not represented Advocates of a more active environmental policy are
will dismiss the result as unfair or illegitimate, often disappointed about the lack of U,S. leadership
Instead, we should expect complex linkages between in the second sense, but recent work has empha-
different issues, as occurred in negotiations over the sized the leadership role played by "epistemic
Law oi' the Sea Treaty (Sebenius 1984). Negotiators communities" of technical experts in the establish-
should also be attentive to possibilities for side ment of a wide range of regional or international
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regimes, including the Montreal Protocol on ozone alternative sources of information is essential.
depletion (P. Haas 1992). Indeed, scientific groups Scientists can play an essential role in this process,
have played a major role in bringing the issues of for the same sort of activities needed to improve
global climate change to the attention of policy- basic scientific understanding of global climate
makers and the mass public. But the crucial step change will also contribute to any potential ability
will still require joint action on the part of a large to monitor any future agreement.
number of diverse groups. Our basic point is that
these discussions should be informed by the lessons Where should sanctioning of violations of
drawn from analyses of the principles underlying greenhouse gas restrictions be focused? Typical
s'uccessful patterns of cooperation at the local level, proposals require that exports from states whose

aggregate carbon use exceeds the allotted permits
Reliance on hegemonic leadership to establish be subject to tariffs or other trade restrictions. But

cooperation is short sighted, because that hegemonic this would seem to be the wrong target, since it is
position is unstable in the long run (since free-riders the behavior of corporations that must be changed if
gain relative to a hegemon paying for public goods these emissions are to be reduced. Governments
production). Although technical experts can help might try to identit_ the guilty parties through
educate the public about the nature of the problem regular police procedures, but this assumes a level
of climate change, an even more effective technique of consistency between international treaties and
is available to those seeking to design a sustainable =lomestic law that may be rather difficult to
climate regime. As long as individuals and groups maintain in all circumstances. Thus, some non-
pursue their own self interest, a regime is most governmental monitoring of individual violators
likely to be sustainable if it so configures individual would seem to be required as a supplement and
and group interests as to support the achievement check on official governmental activities.
of collective goals.

In addition to assigning responsibility for
Designers of a global regime to deal with violations of existing agreements, other types of

climatic change can draw important lessons from legal claims may also become part of the ongoi_'lg
the designers of the U.S. Constitution, who application of a global climate regime. It is
concentrated on finding ways to balance power generally assumed that the detrimental conse-
against power, to use contestation among individ- quences of climate change will be intense, at least
uals to provide a firmer fotmdation for achieving for some regions and some time periods. To what
public order (see V. Ostrom 1987). Rather than extent can these "victims" of global climate change
seeing the diversity of actors and interests as an be said to have a valid legal claim for compensation
impediment to agreement, it is important to put this from those groups less severely affected by, or
diversity to use in order to increase the robustness perhaps even benefitting from, climatic changes?
of any resulting regime. In particular, the diverse Settlement of such claims would be greatly
interests of groups can be used to monitor various facilitated by establishment of clear principles of
aspects of the agreement. If the monitoring legal liability, but it is difficult to imagine how the
activities of different groups overlap to some extent, validity of such claims could be ascertained.
then each can serve as a check on the other,
providing increased confidence that sufficient Implicit normative principles have already been
compliance will be forthcoming, involved in negotiations over global warming, in

particular, the widespread perception that some
Statistics provided by official government exceptions should be provided for developing

sources can play some role in helping to monitor countries in order to not unduly hamper their
greenhouse emissions, but they cannot remain the efforts to achieve better standards of living through
sole source of information. If so, then government economic growth. Some advocates propose provid-
officials might have strong incentives to misreport ing a disproportionate amount of marketable
levels in order to protect their own government from emissions permits to developing countries, as a
punishments, and they might also be subject to means of indirect income transfer. But do we really
bribery by corporate officials eager to cover up their want to institutionalize a process by which any
own excessive use of carbon fuels. Insuring regular group disadvantaged by climate cha_iges can press
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claims for compensation in l_mtional and interna, related to Design Principles 4 and 5 described
tional courts? above. That is, in this section, we examine how the

types of actors involved in monitoring and
Environmental change may sow the seeds for 8,anctioning may affect the types of incentives and

new issues of conflic_ over access to resources, but a likely outcomes produced. We realize that the types
poorly designed global regime may itse_ exacerbate of actors involved in constitutional decisions affect
conflict by merely providing governments something 'who participates in a regime and which type of
new to fight over. For example, richer tall-exporting authority and scope rules are used, and we also are
states (especially Saudi Arabia) allowed other OPEC concerned about the types of dispute resolution that
members to produce disproportionate levels in order can be adopted depending on the types of actors.
to provide a more equitable distribution of the gains But a preliminary focus on monitoring and
this cartel provided. However, this arrangement sanctioning activities is warranted by their
itself exacerbated distributional issues, including fundamental importance in any effort to achieve
contributing to tensions that led to Iraq's invasion mean_l and sustainable changes in the level of
of'Kuwait and the subsequent Gulf War. It is cooperation over global change issues.
important to insure that global institutions, once
established, do not themselves become catalysts for We distinguish categories of regimes according
future wars. to (1) what type of actor is primarily responsible for

monitoring compliance with the rules of that regime
The distributional consequences of global and (2) what type of actor is sanctioned for rule

climate change may well be significant, but they are violation. This latter type of actor is generally the
also rzkely to become clear only slowly. 'l_us, same as the type of actor whose behavior is
sufficient time may exist to develop some shared restricted, although this relationship is not
sense of fairness. Even though conflict over climatic necessarily the only option. For example, national
change cannot be prevented, institutional arrange- governments could be sanctioned for the activities of
ments can be established that facilitate the domestic corporations that violate rules laid clown in
resolution and management of conflic_ thatdoes a given regime.
arise.

Since the extent to which an IGO can be
Any political bargain on the scale of the considered to be a separate actor remains in doubt,

proposedglobalregimelimi'tingemissionsof we do notconsiderthepossibleexistenceofregimes
greenhousegasesshouldbe groundedon some clear inwhichIGOs aresanctioned.(Effortsby the
fundamental principles, both normative and Reagan administration to witl_old payment of U.S.
practical (see Dorfman 1991). The principles cannot dues to some UN organizations can be interpreted
be imposed but must instead emerge from a process as sanctions agailmt some of their previous
of contestation in which a wide range of feasible activities.) However, IGOs can fulfill important
alternatives are given careful consideration. In the h_formation-gathering functions, including
next section, we return to the literature on monitoring the behavior of governments, corpora-
international regimes to propose some alternative tio_As,and other organizations (Jacobson 1984).
formsofinstitutionalarrangementst_atare Also,forthesepurposes,thereseemstobe little
generallyoverlookedbecauseofthetendencyof reasontodistinguishbetweendomesticcorporations
most analystsofinternationalrelationstofocus and MNCs, orbetweenNGOs and INGOs. This
exclusivelyon thebehaviorofnationalgovernments. _leavesus withfourtypesofactorsengagedin

monitoringactivities(IGOs,governments,corpora-
tions,privategroups)and threeactortypessubject

9 MONITORING AND SANCTIONING _ sanctions (governments, corporations, private
IN INTERNATIONAL REGIMES groups or individuals).

Having earlier proposed a classification scheme Not ali of the resulting 12 categories are
based on the domin_mt objectives of organizations re|evsnt to .the existing set of international regimes.
and their scope :ofactivities, we would now like to Illttstrative examples of relevant categories are
focus cn two of the dimensions that are closely gi_en in Table 2. These categories are rough, and
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TABLE 2 An Actor-Bued Classification of International Regimes

Entity that Gets Sanctioned

Entity that Private Group
Monitors Government Corporation or Individual

Government 1 Arms control 4 LDC-MNC relations 8 War crimes
laws of war NIIO

IGO 2 Nuclear 5 Sea-bed mining
nonproliferation (Law of the Sea)

Corporation 3 Trade restrictions 9 Cartels
frequency spectrum

Private group 6 Human rights 7 Future environmental?
or individual environmental

many real world cases will fail to fall clearly within as a prominent institution of "international society"
a single category, especially since many different (Bull 1977), and certain restraints on the use of
types of groups may be engaged in monitoring force are widely (but not universally) Observed. The
activities. Nonetheless, we believe this categoriza, application of regime analysis to war or security
tion has some utility in preparing the way for a rivalries remains controversial, but we take the
more precise analysis of international regimes. In position that any regime will include some mixture
Table 2, numbers are assigned to each of the of cooperation and conflict, and thus that some
categories discussed below, regimes will be rather more conflictual than others.

Even relatively clear examples of the imposition
9.1 Category 1: Government Monitored- of sanctions on national governments illustrate the

Government Sanctioned extent to which international law falls short of the
standards of domestic legal systems. Since Iraqi

Realist theorists of international polities focus intervention in Kuwait was widely s_en as a
almost exclusively on situations in which govern, violation of international agreements against
merits play beth roles, that is, regimes that fall aggression, it was relatively easy to arrange global
within Category 1. In his classic study of inter- agreement on the imposition of economic sanctions
national order, Bull (1977, chapter 3) argues that on Iraq. Yet, this example reinforces concerns about
"sovereign states" (which he interprets as individual the fairness of applying sanctions to co|lectivities
members of "international society") are primarily rather than to individual actors raised in The
responsible for performing al} flm.ctions of rule Federalist (see V. Ostrom 1987). After all, the
making, monitoring, interpreting, leg]tim]zing, and individual policymakers responsible for Iraqi actions
enforcement at the international level. For were able tc circumvent the deleterious effects of
example, compliance with U.S.-Soviet arn_s control economic sanctions, which fell hardest on the poor
treaties has been moa_tored by each government's and powerless elements of Iraq's population.
intelligence agencies. Although economic sanctions have been used severs]

times in recent decades, the use of phys',ca] force to
The international law of war also fits into this enforce UN resolutions remains very unusual.

category. Many observers are reluctant to describe Despite President Bush's claims that these events
war as an orderly activity, yet war has long served _igna] the birth of a new world order, it is more
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widelybelievedthattheabilityoftheU.S. usuallyhandledby thosecorporationsmost directly
governmenttogarnersuch widespreadsupportfor affectedby ruleviolations.Thiscentrallocationof
militaryenforcementmust attributedtospecial governmentsopensup severalopportunitiesfor
circumstancesthatareunlikelytobe repeated, rent-seekingand otherpredatoryactivities,

especiallyby governmentsrelyingon concessions
from MNCs as theirprimarysourceofrevenue.

9.2 Category 2: IGO Monitored-Government (We discuss this problem below.)
Sanctioned

In Category 2, an IGO is established to monitor 9.4 Category 4: Government Monitored-
governments' compliance with an international Corporation Sanctioned
agreement. For example, the Nuclear Non-
Proliferation Treaty established an international Category 4 includes examples of agreements
agency (the IAEA) intended to monitor possible between a multinational corporation (MNC) and a
violations. (We discuss some lessons of arms control less developed country (LDC) that serves as "host
regimes below.) As for any other bureaucracy, care country," in the sense that some of the economic
must be taken to somehow make it in the self activities of that MNC occur within that country's
interest of individual bureaucrats to report territory. LDC governments can use sanctioning
accurately and reliably, and the data reported by mechanisms ranging from increased taxation to
IGOs cannot be honestly evaluated without some outright expropriation (or "nationalization") of MNC
consideration of the purposes that willful property. MNCs have access to national courts, but
misrepresentation might serve. However, the these are unlikely to impose real punishment on
actions of most IGOs are generally ,seen as their own governments. MNCs, on the other hand,
relatively impartial, perhaps because IGOs have too can frequently threaten moving their business
small a resource base to sustain extravagant graft activities elsewhere. Indeed, it is often asserted
or corruption, at least in comparison to many that, in most circumstances, MNCs have unfair
national governments, bargaining advantages over their LDC hosts. A

major tmachieved goal of negotiations concerning
establishment of a New International Economic

9.3 Category 3: Corporation Monitored- Order was to establish some international
Government Sanctioned regulation of the activities of MNCs.

Category 3 encompasses the standard set of
international economic regimes. Although typically 9.5 Category 5: IGO Monitored-Corporation
established by negotiations among national Sanctioned
governments, economic corporations are the actors
most directly involved in monitoring compliance, Instances of Category 5 regimes, in which IGOs
with rules against imposing trade barriers or unfair monitor compliance of economic corporations to
trade practices. Corporations keep careful track of international agreements, point the way toward
any advantage gained by their international com- establishment of a fundamentally new international
petitors. Once violations are detected, corporations legal framework. A potential example is the Law of
and economic interest groups typically press their the Sea Treaty, which calls for establishment of an
own governments to seek redress of the violations international agency that would regulate mining
through negotiations with the other government, activities on the deep sea-bed outside the 200-mile
For example, accusations of Japanese dumping of offshore exclusive economic zones also established in
automobiles on the American market were resolved that treaty. The purpose of this International
by a bilateral agreement on voluntary import Seabed Authority is to insure that profits from these
restraints. Other types of policy changes include mining activities are distributed to ali peoples of the
imposing penalties on corporations engaged in world. Concern with the precedent set by this
unfair trade practices (see Jackson 1990). Thus, the example of international control of a still-emerging
policies of national governments lie at the center of area of economic activity led the Reagan adminis-
economic regimes, even though the monitoring is tration to refuse to sign the LOS (Law of the Sea)
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treaty.The extenttowhichsimilarinternational purchasedby corporations,theonusforexceeding
agencieswillbe establishedtoredistributeprofits limitswouldfallon individualcorporations.That
made in otherareasconsideredtobe the"common is,theoverallemissionswithina giventerritory

heritageofmankind"remainstobe seen. might exceedthelimitthatwouldhave been set
undersome internationalconvention,butas longas
thecorporationspollutingthatterritoryhad

9.6 Category 6: PrivateMonitored- obtainedsufficientpermits,therewouldbe no
Government Sanctioned violationsofthatregime.A regimeofthattype

wouldfallunder a new categoryofprivatemonitor-

In Category6 regimes,NGOs monitorgovern- ingand sanctioningofcorporations,marked by
ment activitiesthatmay be subjecttosanctioning Category7 inTable2.
underemergingregimes,asintheareaofthe
protectionofindividualhuman rights.Govern-
ments have longmonitoredtheways inwhich other 9.8 Category 8: Government Monitored-
governmentstreatethnicorreligiousminoritiesof PrivateSanctioned
concerntothem. More recently,privategroups,
suchas Amnesty Internationaland thevarious In Category8 regimes,privategroupsor
groupsestablishedinEasternEuropeafterthe individualsaresubjecttosanctionsimposedby
signingoftheHelsinkiAccords,have achieved othergovernments.Proposalsforestablishmentof
credibilityas relativelyimpartialmonitorsof a New InternationalInformationOrder (NIIO),in
human rightsviolations.Inthiscase,applicationof whichinternationalnews media wouldhave been
sanctionstoa governmentisclearlyappropriate, subjecttoexplicitregulationby governmental
sinceitistheoppressiveactivitiesby thegovern- authorities,would pointtowardsucha regime,since
ment itself,orby some ofitsagents,thatisof disgruntledgovernmentswouldsupposedlyhave
concern.Thus,thelinkbetweentheidentityofthe been abletopunishnews organizationsfor
ruleviolatorand thetargetofsanctioningismore unflatteringnews reports,butthisregimewas not
directthan ineconomicregimes, established.Examples ofCategory8 regimesare

extremelyrare,withperhapsthebestexample
Scientistsand environmentalactiongroupsare beingthe war crimestrialsafterWorld War II,in

likelytoemerge asthemostcrediblemonitorsof whichthevictoriouspowersestablishedtribunalsto
futureinternationalenvironmentalregimes.In establishindividualguiltforcrimesconsidered
many proposedschemes,governmentswouldbear unacceptablewithinthestandardtenetsofthelaws
thebruntofpunishmentforallowingdomestic ofwar. More recentexamplesincludeabductionof
corporationstoviolateinternationallyestablished reputedterroriststostandtrialinthecountryin
restrictions.Forexample,intheOzone Convention, whichtheirvictimslived,orthepracticeofusing
nationalgovernmentsagreedtoestablishguidelines U.S.courtstotrydeposeddictatorsforcorruption
forcertainemissionsforallindustrialactivities (e.g.,Marcos and Noriega).Completerealizationof
withintheirborders.Each governmentisdelegated thistypeofregimeawaitsestablishmentofa new
toincorporatetheseintoitsown legalsystem.Then constitutionalorderatthegloballevel.
itremainsup tothegovernmentsinvolvedtodecide
how toallocatetheselimitstodomestic

corporations. 1° 9.9 Other Combinations

The remaining categories are less directly
9.7 Category 7: Private Monitored- relevant to international regimes, at least as they

Corporation Sanctioned are normally conceptualized. An example of the
type of issue that would arise in a regime in which

Innovative proposals to establish a market in corporations monitor and sanction each other would
pollution permits (e.g., Victor 1991) might retain a be typical cartel arrangements, which are often
major governmental influence in setting limits on technically illegal. In other situations, corporations
these permits, but the underlying logic is funds- may monitor each other but receive sanctions from
mentally different. Since these permits wou|d be some external source, as in cases where one

68



" '"'""' ' '"' - '"' Political Institutions

corporation sues another for patent infringement. * What arenas exist for the resolution of
Our understanding is that such disputes can disputes? How are decisions enforced on the
usually be handled under the confines of existing parties? How likely is it that disputing
"private international law," which differs from parties will resort to military force?
"public international law" in that it deals with the
activities of groups and individuals rather than the In lieu of a comprehensive survey, discussion of
activities of public authorities (usually in terms of a few examples may be useful. Bilateral regimes
national governments). Further development of the include relations between adversaries (U.S.-Soviet
international legal system toward an increased arms control) and allies (demilitarization of the
similarity to domestic legal systems might well U.S.-Canadian border). Antarctica is a classic
prove a key step in transforming our current state- example of a regime established by a relatively
centered syst_.m into an entirely new form of world symmetric group of leading states that took control
order, but for now, the remaining cells in Table 2 before the rest of the world could get involved; only
are left blank, those governments actively engaged in Antarctic

research can quality for participation in Antarctic
governance. The Law of the Sea involves ali

10 ADDITIONAL CONSIDERATIONS countries of the world, and it is a rare example of
efforts to impose regulations on an emerging

In order to expand this monitoring and technology (deep sea-bed mining) before it can
sanctioning analysis to include the remaining establish its own practices. The Law of the Sea
design principles discussed above, a systematic emerged from some 15 years of complex global
survey of international regimes could be orgmlized negotiations, but the Ozone Convention required
around the following additional questions: considerably less time to complete and to revise

towards stricter standards.

• How many actors are involved? Two, a few,
or many? In summary, the basic ideas underlying the

analytical framework presented here are that those
• Do actors have common or complementary international regimes that are most effective are

interests? Are the actors relatively likely to have been established by interested parties
symmetric in resources and perceptions? Or with common or complementary interests, shared
do gross inequities exist in these areas? Do cognitive understandings, and relatively
actors share a common understanding of the symmetrical capabilities. But probably the most
issues? important point is that a successful regime must

inspire those actors most directly affected by that
• Was the regime established by a single regime to engage in regular monitoring activities.

hegemonic power? Or by a small group of Actors should also have access to a graduated scale
leaders in that field of endeavor, after they of sanctions, flexible procedures for revising rules,
had attained their position of leadership? Or and a well-established arena for resolution of the
was it established before oligopolistic position disputes that will inevitably arise. In the
(or its equivalent) could be attained? international arena, the diversity of actors greatly

complicates analysis, and considerable research
• What are the procedures for change in must be completed before the utility ef this

membership? Do new members qualify by theoretical framework can be adequately assessed.
attaining recognition as a sovereign state?
Or must they engage in some qualifying
activities? Must current members vote on 11 FURTHER REFLECTION ON THE
admission of new members? NATURE OF GOVERNMENT ACTORS

° How are rules established and altered? Can Another important consideration is the nature of
rules be changed during regular meetings of the political order within which any "national
representatives of participating parties? Or government" or "state" acts (V. Ostrom 1991a). _I
must special global conventions be held? Open political orders in which contestation is the
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norm can havedramaticallydifferentconsequences increased.Relianceon rents,royalties,and
forpossibleformsofinternationalcooperationthan profitsgavethepresidencyan independent
politicalordersmore closelyresemblingthe existence,withthecapabilitytooperate
unaccountablesovereignportrayedinHobbes's withoutany ofthepretensionsofaccount-
Leviathan.Inopenpoliticalsystems,forexample, abilitythatwouldhave beenrequiredhad
groupsofindividualsareallowedtoformvarious thepresidentbeen dependenton incomeor
typesofassociationsthatwouldbe deemed othertaxesraiseddirectlyfrom thepeople
illegitimateorunlawfulina closedpoliticalsystem. (Sawyer1992,p.261).
Thus,itwouldbe difficulttorelyon NGOs or
economiccorporationsas monitorsinany There aretwo problemsattheinternational
internationalregimesamong Hobbesiansovereigns, levelwhen some ofthenationalparticipantsrely
Such associationswouldbe encouragedinregimes heavilyon rentsforrevenue....particularlywhen
formedby governmentsofopen politicalorders, theserentsarebasedon forestproducts,ltisnot
Furthermore,thestate-centeredmonitoring justthatthesenationalgovernmentshave a delicate
activitiescharacteristicofa Hobbesiansystemmay politicalissuetofaceinlimitingtheextractionof
remaininsufficienttosustainglobalcooperationon forestresources.Such an actionmighteliminate
climatechange,sincethereisno reasontoexpect themajorsourceofrevenuetothegovernment
thatsovereignstateswouldalwaysprovideaccurate itself.Furthermore,ifa governmenthas notyet
informationon theirown activities.(We address establishedaccountabilitytoitsown citizens,itis
thelimitationsofstate-centeredmonitoringinour hard toknow how todeveloptrustand
discussionofarms controlregimesbelow.) accountabilityatan internationallevel.

Any internationalregimethatincludes
governmentsofverydifferentpoliticalorderssuffers 12 q[_HELIMITATIONS OF COMPUTER
from additional complications. This difficulty is AND GAME MODELS
most apparent in regimes covering North-South
relations. Many governments in the Third World We now discuss some implications of this
are based on nontax sources of revenues (national multilevel theoretical perspective for the
revenues obtained largely from rents, concessions, development of formal models of international
and/or donors), hidden taxes, and/or brute force, environmental regimes, specifically simple game
Government officials, who do not need to rely on the theoretic models and large-scale computer models.
consent of taxpayers and obtain substantial revenue Much of the concern with global warming is based
from mineral sales and from selling agricultural on the conclusions of large-scale computer models of
produce at world market prices (while buying at atmospheric circulation patterns and related
lower controlled prices), face fewer incentives to physical processes. These models provide a firmer
invest resources efficiently to generate real economic scientific basis for similar concerns about the
growth than do governments that are answerable to sustainability of current trends popularized in a
citizen-taxpayers. When large quantities of donor series of modeling exercises initiated by the
funds are added to the fiscal resources of a central influential book Limits to Growth (Meadows et al.
government, centralized opportunities to seek rents 1972). (For extensive reviews of computer models of
increasestillfurther(Bates1983)..AmosSawyer, dynamicfeedbackrelationshipsamong various
reflectingon theemergenceofautocracyinLiberia, demographic,technological,resource,economic,and
stressestheperverseeffectofoverrelianceon politicalfactors,seeHughes 1985;Onuf 1983.)
obtainingrevenuesfrom forestconcessions:

The politicaleconomicmicrofoundationsofboth
The impactofthesearrangementson the typesofglobalmodelstendtobe overlyrestrictive
societywas profound.First,theyincreased or poorlyarticulated.Such modelstypically
thecapabilityofthegovernmentina presume theexistenceofreadilymanipulablepolicy
manner that further strengthened institu- "levers" that can immediately change the behavior
tional capacities at the center. The of all relevant actors. In order to evaluate the
proprietary role of the government -- the consequences of alternative policy proposals,
president, in other words -- was enormously modelers must presume that the underlying
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patterns of behavior will remain the same, whether in the absence of any centralized authority.
that behavior occurs by habit or as the aggregate Influential works by Axelrod (1984) and Oye (1986)
result of market processes. But we have empha- emphasize that cooperation (in repeated Prisoner's
sized the importance of devising institutional Dilemma games) is facilitated in situations
arrangements that enhance capabilities for involving a small number of actors with common or
artisanship in which individuals creatively design complementary interests and who perceive a long
new responses to emerging problems. In addition, shadow of the future (or low discount rate).
the vast array of private actors affecting global Cooperation can also be facilitated by increasing the
environmental change will adapt to any policy transparency of a regime (meaning the extent to
change implemented by an international convention, which individual behavior can be monitored and
A considerable tension exists in relying on models of sanctions focused on rule violators). Other modelers
constant processes while trying to change the examine the implications of various factors on the
underlying processes themselves, range of equilibria solutions for these simple

models. For example, a wider range of cooperative
One adaptation that can be expected is behavior becomes feasible if players are allowed to

technological innovation. Substantial evidence link their behavior in different issue areas (E. Haas
exists that when relative factor prices have changed 1980; McGilmis 1986) or have access to some means
substantially, technological changes have occurred of informally correlating their behavior (McGinnis
with a distinct factor-saving bias (Binswanger 1974, and Williams 1991).
1977; Binswanger and Ruttan 1985). When regula-
tions specify technology rather than changing those Although the basic insights of these models
incentives that help to induce technological innova- remain relevant to global cooperation on
tion, less positive adaptations are stimulated. No environmental change, these lessons should be
model that fails to consider these responses can applied with care. Nearly all game models suppose
adequately represent the implications of any that the 2 (or n) players are fundamentally
globally mandated policy change. Previous critiques symmetric in the sense that they play similar roles
along these lines have focused on the potentially (see Gardner and Ostrom 1991). Although game
beneficial consequences of technological innovation players differ in their exact preferences and in their
insvired by increasing resource costs, but it is also relative resource endowments, they typically have
important to consider the implications of induced the same or similar set of possible actions. More
innovation in political and economic institutions generally, regimes may include a diverse set of
(see, for example, North and Thomas 1973; Davis actors, with very different interests and capabilities.
and North 1971;North 1981,1990,1991).

While then-person,iteratedPrisoner'sDilemma
Simple2x2game modelsstandinstarkcontrast game has frequentlybeen equatedtothecommons

tomassivecomputermodelsofglobaldynamics.By problem(asiftherewere onlyone commons
eschewingany pretensionstocompleteness,simple problem),a much richerarrayofspecificn-person
game models,especiallyofPrisoner'sDilemma, games arefoundinsituationsthathave thetwo
Chicken,and variouscoordinationgames,have initialattributesofCPRs. Dependingupon the
proventobe veryusefuldevicesforhighlighting specificrules-in-use,CPR problemscan be
some fundamentaldilemmasofcollectiveaction, representedas rentdissipationproblems,assign-
One candraw on many oftherecentdevelopments ment problems,ortechnologicalexternality
ingame theory,publicchoicetheory,and micro- problems.Some ofthese"typical"structuresfound
economictheorytogo beneaththesurfaceofan inCPR situationslendthemselvesbothto
"issuearea"inan attempttoisolatestructuresof mathematicalmodeling(see,forexample,Gardner
situationsthatoccurinmany differentguisesand and Ostrom 1991;Weissingand Ostrom 199la,b)
formsacrossdifferentissueareas, and toempiricalresearchconductedinan

experimentallaboratory(seeOstrom,Gardner,and
A particularlyinfluentialbody ofresearch Walker 1992,forthcoming;Walker,Gardner,and

focuseson lessonsdrawn fromsimplegame models Ostrom 1991;Walker and Gardnerforthcoming;
inwhichself-interestedoregoisticactorscooperate Ostrom and Walker 1991).
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More elaborate, extensive form game models systematic differences in the interests and
have recently been used to model the variety of capabilities of different actor types.
monitoring activities that can be used to maintain
stable common pool resources regimes in situations But it is the modeling literature that is most
in which rule violations cannot be entirely guilty of ignoring the diversity of actor types. Far
eliminated (Weissing and Ostrom 199la,b). These too sweeping conclusions about the limited
latter models demonstrate that it is often effective possibilities of cooperation have been based on
to combine different types of monitoring activities, models including only a single undifferentiated set
with individuals playing specialized monitoring of actors. In our opinion, to fairly model the variety
roles being supplemented by self monitoring by the of configurations available for use in designing
individuals most directly involved. Since there is no international regimes, the goals and behavior
way to eliminate ali temptation for shirking on the possibilities characteristic of each of the following
part of monitoring officials, it is useful for the actor types would have to be specified:
individuals involved to also monitor the level of
effort exerted by officials selected to do the • Governments: Open political orders, coercive
monitoring. Even then, rule violations are not political orders, and concession economy-
totally eliminated, but their effects are sufficiently based;
constrained to allow the overall regime to remain in
operation. In short, equilibrium solutions do not • Corporations: Domestic and MNCs;
require perfect cooperation.

• NGOs and INGOs; and
The monitoring models of Ostrom and Weissing

suggest important lessons for the regime literature, • IGOs.
much of which is based on much simpler models
containing only a single type of actor. Even when Unfortunately, we cannot point to any examples
national governments establish some intergovern- of multiple-actor-type models of international
mental organization intended to monitor compliance regimes, but we strongly encourage their
with some specific agreement, they also engage in a development. Consider, for example, the problem of
substantial amount of self monitoring. (We discuss monitoring compliance with emissions standards
this issue in the context of arms control regimes that might be established as part of a global climate
below.) But in practice, the most effective monitors regime. If corporations find that compliance with
of compliance with international trade agreements, some of these controls would lower their profits,
for example, are not national governments they are likely to seek some way of circumventing
themselves but rather those economic corporations them. Yet other aspects of the regulations might
seeking to prevent their competitors from gaining have relatively little effect on profit margins and yet
an unfair advantage by circumventing domestic a more direct impact on environmental degradation.
laws or international treaties. A corporation's competitors would be particularly

concerned about violations that would unfairly
Our purpose in presenting this preliminary lower costs of production, whereas nongovernmental

typology of international regimes is to suggest that environmental groups would be particularly
a much wider range of possibilities exists than has concerned with violations that adversely affect the
generally been realized in the existing literature on environment_ whether or not they affect prices.
international regimes. Although the activities of
corporations and interest groups receive consider- A model of a game with multiple monitors could
able attention in case studies, formal models of be set up, in which corporate competitors would
international cooperation continue to focus on a receive benefits from uncovering the first type of
single, undifferentiated set of actors. Richly violations, and NGOs could receive benefits
detailed case studies of specific regimes that (through increased exposure to potential contribu-
incorporate the actions of a wide range of actors tots or providing satisfaction to their current
generally lack a coherent, well-articulated members) by detecting the second type of violations.
theoretical framework that makes sense of An additional step might be added to represent the
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abilityofconflictresolutionmechanismstocorrectly 13 LESSONS FROM ARMS CONTROL
determinewhetherornotviolationshad actually REGIMES
occurred.Officialsoftheconflictresolutionarenas
(whetherrepresentativesofgovernments,IGOs,or One importantmeans tounderstandtherange
otherinstitutions)wouldhave an incentivetokeep ofpossiblesolutionstocollectiveactionproblemsat
theproportionofcorrectjudgementssufficiently theinternationallevelistoexaminesome examples
hightoinsurea continuedperceptionoftheentire insome detail.In thissectionwe attempttodraw
schemeasfairand equitable,but theymay alsobe some lessonsfrom examplesofarms control
subjecttothetemptationsofbribestooverlook regimes.(Foran excellentsurveyofthelessons
certainviolations.A formalmodelofthismonitor- thatcanbe drawn fromtheLaw oftheSea Treaty
ingschememighthelpclarifytheextenttowhich and theOzone Convention,seeSebenius1991..)
multipletypesofmonitoringactivitiescanbe
combinedtoachievelowerequilibriumratesof Some _,_:holarsareconcernedthatglobal
cheatingorotherproperties, environmentalchangewillbe a new sourceof

conflict,sinceunaccustomeddeprivationswill
Thisinformalsketchsuggeststhatconsiderable exacerbatecontentionoveraccesstovarious

insightsmightbe derivedfrom verysimplemodels resources(Homer-Dixon1991;Jodha 1988).
ofinternationalregimesinwhich thesedifferent However,thenoveltyofenvironmentalconflictcan
actortypesinteracton a regularbasis,evenifonly easilybe exaggerated,sinceresourceissueshave
a few typesareincludedinany givenmodel.Such longbeen a sourceofinternationalconflict.Since
modelsmighthelpspecifycircumstancesunder effortstoeliminateinternationalconflictare
whichdifferentarrangementsmosteffectively unrealistic,thebasicproblemhas alwaysbeen
enhancetheprospectsforstablepatternsof managing conflictand preventingdisputesfrom
cooperation.Empiricalanalysescansuggestthe escalatingintowar. Similarly,some globalclimate
rangeofpossibilitiesthathave alreadybeen changewilloccurno matterwhat. A robustglobal
realizedinvariouscircumstances,butformal regimemust findsome means ofdealingwiththe
models comp]ement empirically based studies by conflict that arises from these changes° Thus, a
giving them a broader and more rigorous brief examination of earlier efforts to manage
foundation, conflict would seem to be in order.

Insummary, we advisethatcomputermodelsof ltisalsothecasethatsecurityregimesare
theconsequenceson globalenvironmentofalterna- much simplertoexamine,sinceanalysisofsecurity
tivepolicychangesbe used withgreatcaution, regimescanreasonablyfocuson thebehaviorof
Simplegame modelscanplayan importantrolein nationalgovernments.Althoughany analysisof
helpingclarifytheunderlyingdilemmasofcollective economicand environmentalregimesmust also
action,and computermodelscan helpstrengthen includethebehaviorofothertypesofactors,many
ourintuitionabouttheimplicationsoffeedback ofthesame principlesthathave provensuccessful
processesincomplexsystems.Responsetoglobal indealingwithsecurityproblemsmay proveequally
changeisa massive,ongoingprocessofevaluation usefulinmore complexconfigurationsofactors.
and re-evaluation. Yet if the modeling effort is
attempted too early in this process, one may develop The historical record of arms control efforts
a perfectly good model, but a modei of a different provides several lessons for the types of monitoring
situation than the one of interest. Our focus should activities and sanctioning options needed to
insteadlieon enhancingtheabilityofindividuals establishand maintaininternationalcooperation.
and collectivegroupstodesigninstitutional In evaluatingtheseexamples,itisimportantto
arrangementsthatfacilitatecreative,locallybased keep inmind thattheconnectionbetweenthose
adaptationtochangingcircumstances, actorsengagedinmonitoringand thosebeing
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sanctioned is more direct and clear than in other primarily as a means of conveying concerns to the
areas of international relations. Regimes in other other side. Each government had other means to let
areas require more complicated relationships among the other know of its ability to detect violations,
a wider range of actors. Since national security is although neither would tell the other all that it
one of the primary concerns of ali national knew for fear of revealing the limits of their own
governments, these governments are exactly the intelligence-gathering capability. Throughout the
right actors to Inonitor activities related to their period of these treaties, there was considerable
own security, but other types of actors more directly controversy about the extent of Soviet cheating,
affected by economic or environmental regimes are which occasionally became an important issue in
likely to prove more effective monitors in these U.S. domestic politics. In retrospect, it is clear that
issue areas, the Soviets repeatedly pushed at the edges of the

agreement. It is hard to determine, however,
Analysis of international cooperation on security whether this means they were (1) trying to get away

issues has long been plagued by high-blown rhetoric with whatever they could, (2) probing to find the
and unrealistic expectations (neither of which is in limits of U.S, detection capabilities, or (3) simply
short supply in the literature on global taking advantage of the latitude provided by
environmental change). Ill classic "idealist" ambiguities of the treaties. In any event, this
accounts of the interwar period, emphasis is uncertainty greatly complicated later negotiations,
typically placed on the establishment of formal since critics could continue to insist that better
institutional structures meant to supersede existing detection capabilities were needed.
national governments or new legal systems intended
to restrain governments from undertaking certain These controversies necessitated more elaborate
activities. Yet the record of the League of Nations inspection schemes in INF and START treaties,
(which supposedly established a global collective including relatively permanent inspection stations
security system), the Kellogg-Briand Pact (which to be established outside certain production
supposedly outlawed war as an instrument of facilities and provisions for a limited number of
national policy), or the Washington Naval surprise inspections elsewhere in each country.
Conference (which set limits on naval forces) is These provisions can be seen as a successful
bleak. Most efforts undertaken since World War II achievement of terms long advocated by the United
have had less grandiose goals, and some of these States, even though these same provisions led some
efforts have proven remarkably successful. U.S. military experts to express concern that the

Soviets would gain too much information from these
Bilateral arms control treaties between the activities! It now appears that many of these

United States and the Soviet Union have been self remarkable procedures may never actually be
monitored, with both governments relying on what implemented, given the recent dissolution of the
are euphemistically called "national technical Soviet Union and ongoing massive cuts in strategic
means" (spy satellites and other forms of espionage) arsenals.
to observe the other superpower's force deployments
and weapons tests. Indeed, meaningful arms One disturbing lesson of U.S.-Soviet strategic
control treaties became feasible only after arms control is how politicized monitoring efforts
reconnaissance satellites were developed that can be, even when undertaken by supposedly
enabled each superpower to monitor the other objective experts. Even in areas in which technical
state's military activities with a relatively high consensus is available, expert advise may have little
degree of confidence (Gaddis 1987). Scientific impact on policy. One of the most important
advances have played a similarly crucial role in multilateral arras control agreements is the 1963
identifying the problem of global climate change as Partial Test Ban Treaty, which prohibited nuclear
well as providing means for monitoring its weapons tests in outer space, the oceans, or the
development, atmosphere. This treaty was to some extent a

response to a massive public outcry against world-
In the SALT treaties, accusations of violations wide radioactive fallout from atmospheric tests,

were raised in a bilateral, ad hoc institution of the specifically the detection of radioactive isotopes in
Standing Consultative Committee, which served milk products. In retrospect, limitations of the
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treaty were relatively easy to obtain, since any tests try to obtain nuclear weapons for themselves. The
in these areas could be easily detected from remote problem is that civilian and military uses of nuclear
locations (i.e., from satellites) and since technology cannot be neatly demarcated, since many
underground tests were allowed to continue, of the same procedures useful for power supply are

also relevant to the development of nuclear
Progress toward a comprehensive test ban has weapons.

been virtually nil, despite a widespread consensus
among seismologists that any meaningful levels of An international agency (the IAEA) was
underground tests could be distinguished from established to monitor the nonproliferation regime,
naturally occurring earthquakes by a relatively and it was staffed by technical experts in the field.
minor expansion of the worldwide system of However, the inadequacy of its monitoring efforts
earthquake monitors, many of which could be was dramatized by inspections of Iraqi facilities
remotely controlled. Despite this clear realization of after the Gulf War, which revealed a very extensive
the technical feasibility of a comprehensive test ban, program in nuclear weapons development (see Pilaf
both sides insisted on being able to continue to test 1992). This example suggests a deeper problem
in order to develop new weapons systems (such as with the IAEA. Many of its clues concerning where
components of SDI) as well as to ensure the potency to look for evidence of nuclear weapons facilities
of existing warheads. This example demonstrates came from U.S. intelligence sources, and this
that developing a consensus among technical reliance on the CIA exposed the IAEA to charges of

"1 cke ""epistemic communities" is not generally sufficient being an American a y. On the other hand, is
to insure international cooperation, even though not clear how independent sources of intelligence
such a consensus may often be a nece_qary could be arranged for use by an international
precondition for establishing a sustainable regime agency. Nor is it obvious that an international
(see P. Haas 1992). But technical agreement is intelligence service should be welcomed.
useful only up to a point. Eventually some political
compromises must be made. Since compromises are In environmental regimes, some way must be
likely to attract continuing controversy, the need for found to monitor compliance without forcing
information dissemination and political bargaining corporations to forfeit trade secrets to their
never goes away. competitors. This suggests the importance of

remotely positioned sensors, especially on satellites.
Some types of global regimes for control of CO2 Limits on emissions of greenhouse gases may prove

emissions would involve extensive inspection much easier to monitor than weapons production,
procedures that corporations are likely to find very since it has been suggested that so-called "carbon
troublesome, given their natural reluctance to taxes" could be levied on energy inputs. If this were
reveal industrial secrets to their competitors, feasible, direct monitoring of the output of individ-
Indeed, exactly these concerns have slowed progress ual factories might not be required. However, this
on verifying international treaties supposedly procedure would require that monitors have access
controlling the spread of chemical and bacterio- to a large amount of information concerning
logical weapons. In this area, the basic problem is economic transactions, which might easily be
that the same factories can produce chemical falsified. Also, under many proposed schemes,
weapons or commercially valuable products, sanctions would be applied to ali exports of an
Intrusive inspection schemes would be required to offending country, even if only a few corporations
determine whether chemical weapons are being were responsible for violations of emissions limits.
produced. In the long run, more intrusive technical monitoring

stations would need to be established in order to
The nuclear nonproliferation regime demons- attribute responsibility to individual corporations.

trates the problems entailed in comprehensive After all, it is the behavior of individuals and
agreements among actors with diverse interests, corporations that must be changed if the problems
The basic logic of this agreement was the following of global climate change are to be addressed --
deal: states capable of building nuclear weapons simply changing governmental policies solves
pledged to help nonweapons states build nuclear nothing unless these policies successfully elicit the
power plants in exchange for their agreement not to desired response by other actors.
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To return to the simpler confines of the U.S.- lessons for advocates of comprehensive conventions
Soviet case, strategic arms control negotiations were on greenhouse warming and other aspects of global
complicated by their differing (and changing) views climatic change. Crucially important small steps
toward the goal they should be pursuing. In the toward a better future were most easily taken when
early stages of the SALT talks, the United States leaders eschewed trying to solve all the world's
(under the Nixon administration) emphasized the problems at once.
desirability of maintaining a situation of mutual
assured destruction (MAD) that the Soviets In this brief examination of arms control
counteredwas lessethicalthanrelyingon defense, regimes,we have drawn a seriesoflessonsfor
Later,duringtheReagan'sadministration'spursuit environmentalissues.The most fundamentallesson
ofa space-basedstrategicdefensesystem,the isthat,despitethehighlytechnicalnatureofboth
UnitedStatesemphasizedtheethicalmeritsof nuclearand environmentalissues,theheartofthe
defenceoverdeterrence,and Sovietleadersand matterremainscontentionamong collectiveaction
Reagan'sdomesticcriticssangthepraisesofthe organizations(whethertheybe states,corporations,
MAD doctrine.Also,throughoutthesenegotiations, orprivateinterestgroups).International
theUnitedStatesstresseditsconcernaboutthe cooperationisan inherentlypoliticalmatterthat
destabilizingnatureoftheland-basedmultiple- cannotbe reducedtosimpletechnicalformulas.
warhead intercontinentalballisticmissiles(ICBMs)
thatplaysucha dominantroleintheSovietforce
structure.U.S.concernwithSovietICBMs ledto 14 CONCLUSIONS

insistenceon complicatedlimitationson various
categoriesofweapons systemsinhopesofindirectly Inthispaper,we have drawn lessonsfrom a
shapingtheSovietforcestructureinways the widerangeofresearchtraditions.Thissurveyof
Sovietswere unwillingtoaccept.Inresistingthese institutionalresearchon localcommons and on
efforts,theSovietsforcedU.S.negotiatorstoaccept internationalsecurityregimesshouldleadonetobe
occasionallyambiguousterms.Laterinnovationsin cautiousaboutinsistingon globalstepstoward
Sovietweapons (whichtheymay wellhave been globalsolutions.The most importantinstitutional
planningatthetimethetreatiesweresigned)could changesforcopingmore effectivelywiththeconflict
be interpreted as violating these ambiguous terms, likely to grow out of global change issues may be
This perception of Soviet cheating in turn increased the development of open information and
pressures for obtaining even more specific communication regimes to enhance the capabilities
restrictions on Soviet forces, which the Soviets of actors at many levels to come to a better common
resisted even more forcefully. In short, a lack of understanding of both the physical as well as the
common understanding of the nature of the problem economic and social aspects of global climate
continued to complicate strategic arms negotiations, patterns. Global steps may well be accomplished

most effectively if many small steps are taken first,
On the other hand, leaders of both superpowers providing these steps can be sustained and

shared a clear and common understanding of the complement wider efforts.
dangers of lo_ing control of their own forces during
a crisis. Perhaps the most successful area of arms We conclude with a brief recapitulation of the
control does not concern weapons per se, but rather major conclusions of our analysis.
the establishment of direct communication links

between U.S. and Soviet leaders that were painfully * Analyses of responses to common-pool
lacking during the most serious confrontation of the resource dilemmas have demonstrated that a
Cold War era, namely, the 1962 Cuban Missile wide variety of monitoring and sanctioning
Crisis. Establishment of a teletype "Hot Line" and schemes can be established and maintained
its subsequent upgrades in technology, along with by the individuals and groups directly
other confidence-building measures (Hughes 1991, involved in collective action dilemmas.
p. 286), are included under the rubric of "quiet arms Continued reliance on choosing between the
contror' (Carnesale and Haass 1987). These standard policy options of market-based
communication links definitely served their purpose, privatization or state-based management is
The record of quiet arms control suggests important far too constraining.
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• The current emphasis on global solutions * Ch_,ges in the global environment will h_ve
based on international conventions on differential effects. New forms of conflict can
managing environmental change reflects an be expected to arise. However, we are
incomplete understanding of the inherently unlikely to be able to predict the forms such
multi-level nature of this problem. A global conflict will take. Emphasis should be placed
regime is more likely to be robust with on developing effective means of managing
respect to significant changes if it implies conflict whenever it occurs.
institutional arrangements at the local level
that satisfy the design principles identified in * Contestation should be encouraged at all
analyses of common-pool resource regimes, levels. Information should be solicited from

individuals and collective groups with vary-
* The existing literature on international ing interests and perspectives. Arenas for

regimes exhibits excessive concentration on conflict resolution at the local, national,
the behavior of national governments and regional, and global levels should be
intergovernmental organizations. Much more established to help contesting groups arrive
attention should be paid to the incentives at common solutions.
and activities of economic and other types of
collective actors. Policy proposals emerging
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(1990),Task Forceon InternationalDevelop- lackofadequatedata.Researchersare
ment and EnvironmentalSecurity(1991),and callingfora majormonitoringeffortbut
World ResourcesInstitute(1991). pointoutthatthenumber ofdifferent

variablesrequiredand thenumber ofsites
4. See E. Ostrom (1990);Gardner,Ostrom,and requiredwouldleadtoa monitoringeffort

Walker (1991);Gardnerand Ostrom (1991); thatwould costmillionsofdollarsa year
Tang (1992);Blomquist(1992);National (seeRoberts1991).
ResearchCouncil(1986);McCay and Acheson
(1987);Berkes(1989);Pinkerton(1989); 8. We do notthinkitispossibletoelucidate
Ostrom,Feeny,and Picht(1988). necessaryand sufficientprinciplesforenduring

institutions,becauseittakesa fundamental
5. See Robinson(1991)foran imaginative willingnessoftheindividualsinvolvedtomake

applicationoftheresultsofourmicro-CPR any institutionwork. No setoflogicalcondi-
environmentstoproblemsoftheglobal tionsaresufficienttoinsurethatallsetsof
commons, individualsarewillingand abletomake an

institutioncharacterizedby such conditions
6. Hardinalsocontributedtothecontemporary work.

presumptionthattherewereonlytwo solutions
tothiskindofproblem.The "only"alternatives 9. These principlesaredrawn from E.Ostrom
thathe saw tothecommons was what he (1990)and areexplainedinmore detail
called"aprivateenterprisesystem,"on theone therein.
hand,or"socialism"on theother(Hardin1978,
p.310).He proposedthatchangewouldneed 10. Thislogicissimilartoproceduresusedin
tobe institutedwithwhateverforcewas allocationoftheelectromagneticfrequency
needed.Inotherwords,"Ifruinistobe spectrum:The ITU allocatesfrequencyranges
avoidedina crowdedworld,peoplemust be tonationalgovernments,whichthenallocate
responsivetoa coerciveforceoutsidetheir specificfrequenciestolocalbroadcasters,
individualpsyches,a 'Leviathan'touse accordingtotheirown rulesand procedures.
Hobbes'sterm"(p.314).Contrarytomany In theUnitedStates,thisallocationiscarried
casual,contemporarydescriptions,theEnglish outby theFCC, and broadcastersclosely
commons was notan open-accessCPR (see monitoreachother'sbehavior.
Dahlman 1980).

11. See Neitschmann(1991),whichexaminesthe
7. Monitoring problems plague many efforts to historical struggle of the Miskito Indians to

understand patterns of global warming. The retain control over what they consider to be
hypothesis that global warming was respon- their own territory and resource base by a
sible for the 'bleaching" of coral reefs in the "foreign" state, even though it is this "state"
Caribbean carmot be established due to the that is recognized in the international realm.
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Comment I on Workshop in Political Institutions

Meso.Level Regimes and Rol-ust Plans

Professor Philip A. Schrodt
Department of Political Science

University of Kansas
Lawrence, Kansas

The paper by McGinnis and Ostrom is micro level (CPR problems) or the macro level
important for at least three reasons. First, it (international regimes).
provides a number of useful guidelines for the
construction of political regimes that can control As McGinnis and Ostrom point out, when
commons problems (global warming being one dealing with the international systems as a whole,
example) for generations yet that do not require an there is a good empirical reason for focusing on
external enforcing authority. Second, the paper relatively autonomous local systems. Since these
introduces some important concepts and theoretical systems have been stable in the absence of meso-
tools from political science, history, and economics level (i.e., state) intervention, they are applicable to
that can be used to further study such regimes, the quasi-anarchic macro level. Ironically, stable
Finally, and I believe most importantly, the paper is regulatory regimes at the international level may
an excellent example of the type of study that needs have more in common with those at the local level
to be done if the social control of global warming is than they do with those at intermediate levels, since
to be taken seriously. McGinnis and Ostrom remind the intermediate levels usually presuppose the
us that it is not enough to impose rules; these rules existence of political institutions with monitoring
must be backed by stable self-monitoring and self- and enforcement capabilities. One should note,
correcting institutions, however, that the concept of "the state" is very

much an illusion derived from long experience; in
Since I am in agreement with most of the fact, national governments are nothing more than

points of the paper, my remarks are largely unusually stable and long-lived regimes that solve
suggested extensions rather than criticisms. I focus an assortment of collective goods problems.
on three issues: (1) I extend their discussion of local
systems and international systems to the national This recognition by Ostrom and McGinnis --
and regional level; (2) I discuss a typology for how that the study of CPR regimes must commonly
systems might fail, and (3) following John Eddy's begin with an understanding that there is nothing
opening comments at the conference, I make some special about the state -- is the political science
observations on communication between the natural equivalent of Isaac Newton's recognition that the
and social sciences, moon was falling. To the common wisdom, it is

clear that the moon is not falling; to the common

1 LEVELS OF ANALYSIS AND _ELF
ORGANIZATION TABLE 1 Levels of Analysis

The empirical studies in the McGinnis and
Ostrom paper, which are based on Ostrom's book, Micro Local and individual
Gover_dng the Commons, are generally local. In a Meso National and regional
terms of the basic levels of analysis shown in Macro International system
Table 1, most of t_eir analysis is either at the ............
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wisdom, it is clear that systems with sovereign adapted to systems vastly different than those for
enforcement are very different than those that do which it was originally conceived.
not have this characteristic (i.e., the international
system or local CPR systems). Only by recognizing
that the common wisdom is wrong can one begin to 2 STABLE REGIMES AT THE MESO LEVEL
develop the theoretical tools to understand the
fundamental workings of the system. Since the examples provided by McGinnis and

Ostrom are either at the micro or macro level, I will
McGinnis and Ostrom characterize the robust suggest some at the meso level, since much of the

CPR systemsas "selforganizing."Thischaracter- work on solvingtheglobalwarming con_,_ons
izationiscorrectinthesensethatthedesignand problemislikelytoinvolveregimesat lletthe
implementationofthesesystemsisnotimposedin nationalor_egionallevel,eventhou,¥!_heproblem
theshorttermby a sovereign;contrast,forexample, itselfisglobal.(Thisisnottoimplythatthose
thedesignofan aircraftora computer.However, authorsareunaware oftheseexamples;Iam simply
theutilityoftheconceptofshort-term"self usingthisopportunitytoelaborateon them.)In
organization"initspure formissomewhat limited, general,Ithinkmany ofthecharacteristicsofthese
forthesimplereasonthathumans plan,and even systemswillreinforcethelessonsfrom the
themost simplehuman organizationsarethe McGinnisand Ostrom studiesoflocalsystems.In
product,tosome extent,offoresightand design.In choosingtheseexamples,Ilookedforcasesthathad
thisrespect,theCPR regimesarequitedifferent lifetimesinexcessoftwo centuriesand survived
thanphysicalself-organizingsystemssuchas the considerableturmoilintheirexternalenvironment.
convectioncellin a thunderstormorprimordial
FNA.

2.1 NationalSystems: Federal
Ratherthan selforganization,Ifindthe

followingtwo characteristicsmost importantfor The U.S.Constitution(1789tothepresent)and
robustCPR regimes.First,theyareselfmonitoring: theSwissconfederationalsystem(1Sthcenturyto
Thesesystemssolvetheproblemofquiscustodiet thepresent)areexamplesoftwo federalsystems
ipsoscustodes(i.e.,who guardstheguards,or who thathave thecharacteristicsofselfcorrectionand
monitorsthemonitors).As McGinnisand Ostrom selfmonitoring.Both survivedtheIndustrial

pointout,solutionsotherthan a sovereignexistfor Revolution;intheprocess,boththeUnitedStates
thisproblem,and some ofthem aresurprisingly and Switzerlandbecame among thewealthiest
simple.Second,theyareselfcorrecting:They can nationson earthand surviveda varietyofchanges
transmita workingsetofrulesacrossgenerations; intheirexternalenvironment.
theycan correctdeviationsfrom thoserules;and
theycanadapttherulestofitnew circumstancesin The successofthesetwo systemshasledmany
a fashionthatpreservesthesystem, politicalscientiststoseefederalsystemsas the

obviousanswertostablemeso-levelsystems.The
Inthelongterm,theself-correctingand past50 yearshave indicatedotherwise;thefederal

adaptivecharacterofrobustsystemsdoesprovidea scheme hasfailedoratleastappearstobe failingin
formofselforganization.For example,the countriessuchas Pakistan,Nigeria,Canada,
ConstitutionoftheUnitedStateswas originally Yugoslavia,and Belgium.Federalismaloneisnot
designedtohandlethecollectivegoodsproblemof_ the answer.Additionalresearchisneededto
small,isolated,agrariansetofnewlyindepende:it determinewhat rules,implicitorexplicit,operateto
colonies;200yearslaterthatsame document stabilizefederalstructuresthat,on theirsurface,
governedan industrialsuperpowerwithterritory appearpotentiallyverytenuous.
spanninga continentand globalpoliticalcommit-
ments.Whiletheoriginaldocumentwas notself
organized in the short term (i.e., its authors had 2.2 National Systems: Hierarchical
very explicit and carefully argued reasons for
constructing it in the fashion they did), it has The two long-lived hierarchical systems of note
become more of a self-organized system as it has are the Tokagawa Shogunate (1600-1868) and the
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British system of a parliamentary monarchy (1688 of its own norms. For example, the "state monopoly
to the present). (My thanks to Barry Hughes for on violence," now considered fundamental to the
pointing out this example.) These systems are in system, did not operate fully until the 19th century
many ways quite different (e.g., the Tokagawa with the control of dueling, mercenaries, and state-
system was considerably more static than the sanctioned piracy.
British), but they are both characterized by
decentralized control under the guidance of very
general guidelines, a relatively rigid class structure, 2.4 Religion
the constant accountability of the nobility to the
central system (through the sankin kotai system in The empirical -- as opposed to theological
Japan* and the Parliament in Britain), and the phenomenon of organized religion provides a final
advantage of the physical isolation of island nations, example of an extraordinarily stable system at the
Interestingly, both systems provided a "sot_ landing" meso level; in this case, the institutiozls are
into the industrial age, absorbing revolutionaries typically transnational rather than strictly regional.
from the hinterlands (industrialists from Kyushu
and Scotland respectively) rather than breaking Religious belief provides psychological benefits;
under revolutionary movements. Both systems also moreover, virtually ali religious communities also
evolved highly autonomous bureaucratic services provide an unusually stable environment that
that insulate much of policy from democratic provides some insurance against random misfortune
influences. (illness, bereavement, etc.) through the pooling of

resources. The collective goods problem is solved
because there is a very strong norm, which, if

2.3 Regional Systems: The Westphalian believed, provides a long-term rationale against
State System defecting from the coalition. In the Judeo-

Christian-Islamic tradition, this is usually a very
The Westphalian nation-state system (1648 to explicit promise of a pleasant and eternal afterlife

the present), which evolved in Europe following the (i.e., by engaging in short-terra "irrational" altruistic
century and a half of chaos occasioned by the end of behavior, one maximizes long-term benefits).
feudal_,sm and the Protestant Reformation, can be Buddhism and Hinduism provide much the same
usefully considered a stable regional system, even norm, albeit through a diametrically opposite
though it is typically considered a macro-level mechanism: an escape from eternal life rather than
"international" system. The regional system, the promise of it.
composed of a relatively small number of terri-
torially contiguous, legally equal, sovereign states, These promises are social constructs, not
was unprecedented in European history and yet empirical facts, and they are self perpetuating only
survived democratization, industrialization, and the to the extent that they succeed. When they do, the
major wars of the first half of the 20th century, myth is reinforced in economic terms: Individuals

trading within religious groups in which the social
The Westphalian system underwent a number norms are enforced by the community obviously

of self modifications. The system adapted to a have much lower information costs than do individ-
transition from aristocratic to democratic rule. lt uals trading in groups in which members must be
easily expanded to encompass non-European constantly alert to the possibility of defection. Ali of
industrialized states such as the United States and the following- Quakers and other dissenting
Japan in the late 19th century, then went on to be industrialists in 18th century England and Scot
adopted throughout the rest of the planet. The land; the diamond trade among orthodox Jews in
system develope_, and in a sense co-opted, a variety Amsterdam, New York, and Tel Aviv; the agrarian
ofinternationalorganizations,lthas changedmany communitiesoftheAmish in Pennsylvania,Indiana,

*This was the system of "alternate attendance" established by lemitsu Tokugawa in 1635, which required
most of the nobility (daimyo) to spend every other year in th,e shogun's court in Edo.
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and Iowa; and the Mormons in 19th century Illinois relatively isolated; and the British, Tokagawa, and
and Utah -- provide conspicuous examples of the Westphalian systems all provided outwardly rigid
economic advantages of self-enforcing communities structures in response to periods of considerable
with strict norms, which, in many instances, survive civil war and instability. Beyond this, however,
despite the efforts of sovereign authorities, there is probably ample room for studying the
Virtually any reasonably stable religious group successes and failures of robust meso-level systems.
provides at least a modest example of the practical
benefits of membership in a community with
strongly held norms. By doing good, one can do 3 HOW SYSTEMS FAIL
very weil. This prosperity, in turn, appears to
provide empirical evidence of the validity of the McGinnis and Ostrom discuss a number of
group's beliefs, which reinforces the believability of characteristics of successful systems. To extend
the unobservable system of sanctions and rewards, this, I think it is also useful to consider how they

might fail. On the basis of their studies and other
This mechanism provides the potential for an work, I would suggest the following typology:

exceedingly stable social unit. This is precisely
what we observe empirically: Religious institutions
are tmquestionably the most long-lived and stable of 3.1 Design
ali large-scale human institutions, surviving and
often thriving in chaotic times that destroy ali other A system may fail because it never worked in
forms of organization. Empires and ideologies are the first place (i.e., the design was flawed). For
fragile and passing wisps of fashion compared to the example, most people would now concede that the
two-and-a-half millennia record of Judaism, centrally planned economic systems devised in the
Confucianism, and Buddhism. The Christian early 20th century (most notably the model of the
monastic orders preserved Roman law through the Soviet Union that was either copied or imposed in a
disorder and social upheavals of the Dark Ages; variety of places) didn't work for some fairly
Islam spread a creed from Morocco to Malaysia in straightforward reasons involving information and
an age when goods and p,;',__ moved by oar and ox- incentives.
cart. The assessment of modern revolutionaries
such as Jefferson, Paine, Robespierre, Lenin, and Lest this seem unduly obvious, it should be
Mao --- that a civil religion of political ideology (be noted that such systems persisted for the better
it democratic liberalism or communism) should be part of a century despite their problems. This
created to replace the function of deistic religion -- situation occurred because political systems,
was correct with respect to the social function of particularly those that have substantial coercive
religion and, quite curiously, consistently and power and are relatively isolated, can be very slow
completely incorrect with respect to the ability of to respond to feedback, when compared with market
those secular formulations to actually provide a systems. Sovereign states are, by definition,
substitute for religion, monopolies, and the cost of competitive entry is very

high. Once a political coalitica is established that is
These meso-level systems are suggested as sustainable (a criterion quite different from

points of departure for the further study of robust efficiency), it is likely to be maintained through tile
regimes. They seem to share four of the charac- lifetimes of those who established it, as occurred
teristics of local systems discussed by McGinnis and with the Soviet system. This phenomenon is not
Ostrom; for example, they are all relatively unique to leftist regimes; the fascist regimes in
decentralized;* all of the systems except religion are Spain and Portugal showed a similar behavior.

*The day-t,-day decision making is decentralized, although the imposition of the rules of the system may be
centralized. For example, tJ_is distinguishes the social rigidity of Tckagawa Japan from the administrative
rigidity of the France of Louis X]V, the Spain of Philip II and Franco, or the Soviet Unio, of Brezhnev. The
British system could s_,rvive 60 years of George III; the French could not survive 20 years of Louis XIV.



Section IV ' ' "-- " ' ' '

Politicalsystemsgenerallyhave slowfeedback,and administeringa program,includingthecostof
itisdifficult,intheshortterm,todistinguish allocationpenaltiesratherthan simplyof
betweenthosethataretrulyrobustand thosethat monitoring.As McGinnisand Ostrom pointout,
aremerelysurvivingina relativelystatic robustCPR systemstendtohave lowinformation
environment, costs.

Iftheinformationloadofa systemishigh,one
3.2 Rent Seeking oftwo thingscan happen.First,thesystemcanbog

down intospendingmost ofitsfiniteresourcesin
Hugh Nixon,intheMarch 15,1991,issueof handlinginformationratherthaninactuallychang-

Science,observed"Allsuccessfulsystemsaccumu- ingtheenvironment.For example,thiscriticism
lateparasites."Rent-seekingbehavior---a phenom- has beenleveledattheU.S.Superfundprogramfor
enon well-studiedby developmenteconomistsbut thecleanupoftoxicwastesites,whichspendsthe
oddlyignoredby politicalscientists-- isa second bulkofitseffortson litigationratherthancleanup.
reasonsystemsmay fail.Corruption,tousetheless
politeword,isa failureoftheself-monitoring Alternatively,ifthesystemattemptstobypass
functionofthesystem, theinformationcostsoffairlyadministeringa

system,enforcementbecomesessentiallyrandom,
The experienceoftheUnitedStateswith and probabilitiesofgettingaway withcheatingor

Prohibitionprovidesan excellentexampleoffailure beingunjustlypunishedbecome roughlyequal.
due torentseeking.(Theprohibitionon the Sincewe aredealingwitha collectivegoodssitua-
consumptionormanufactureofalcoholicbeverages tionshere(i.e.,intheabsenceofpunishment,an
beganwiththeratificationofthe18thAmendment individualhas more togainfrom cheatingthan
totheConstitutionin 1919;the21stAmendment obeyingthelaw),when thelikelihoodofbeing
reversedthisin 1933.The 18thAmendment has punishedisroughlyidenticalwhetherone is
beentheonlychangetotheU.S.Constitutionthat cooperatingordefecting,itbecomesrationalto
has been subsequentlyrepealed.)Contrarytoa defect,and theCPR systemfails.
popularlyheldbeliefintheUnitedStates,Prohibi-
tionwas quitesuccessful;therateofalcoholismand Recognitionofthisfactmay account,inpart,
healthproblemsassociatedwithalcoholdropped forMcGinnis'sand Ostrom'sobservationthat
dramaticallyduringthe1920scomparedwithrate successfulsystemstendtousegraduatedrather
oftheprevioushalf-century.The systemwas thanseveresanctions.In a systemwhere mistakes
abandoned,however,withtheriseofgangsterssuch ofjudgementarepossible(i.e.,allsystems),
as Chicago'sAl Capone and thecorruptionofthe individualsarelikelytodemand more information
judiciaryand law enforcementagencies.Prohibition (proof)forseveresanctionsthanformodest
ofalcoholprovidedtoomany opportunitiesforrent sanctions.The informationloadincreasesasthe
seekingby law enforcementofficialsand under- severityofthepunishmentincreases,and
mined a legalsystemthathad previouslyfunctioned eventuallythesystembecomesunenforceablein a
witha relativelylow levelofcorruption.In theend, self-monitoringsystem.Thisiscounterintuitiveif
thepublichealthbenefitsfrom Prohibitionwere onelooksonlyatthesimplebenefit-costcalculations
judgedlessimportantthanthecostsofcorruptionin (i.e.,fora fixedprobabilityofdetection,the
thelegalsystem.Insolvingoneproblem,rent likelihoodofcomplianceshouldincreasewiththe
seekingmay createanother.The UnitedStates severityofpunishment),but itbecomesclearwhen
startedwithan alcoholismproblemand ended with onedoestheappropriatecalculations,takinginto
a judicialcorruptionproblem, accountthecollectivecharacteristicsofthe

situation.

3.3 Information Cost
3.4 Transmission Failure

A system can fail because the information costs
are too high. "Information" here is meant broadly The final source of system failure occurs when
to include all of the costs of monitoring and a system is changed in the process of being
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transmittedfromgenerationtogeneration;itcan Japan. Rulesmore effectivethanthoseactually
alsooccuriftheorganizationfailstoadapt employedinHawaiiwere amply availableinthe
appropriatelytonew circumstances, formalinstitutionalmemory ofthemilitary;the

means ofimprovingperformancewereno mystery.
In thebiologicalself-organizationliterature, However,two decadesofpeacehad alloweda great

Eigenand Schuster(1978,p.555)considerthe dealof"geneticdrift"tooccurintheactual
problemtheytermthe"errorcatastrophe": organizationalheuristics.For example,command-

ersrecognizedthenecessityofmaintaininganti-
Geneticreproductionisa continuously aircraftgun crewson alert,buttheymutatedthis
self-repeatingprocess,and assuchdiffers ruletoprovidean exceptionforSundays. The
froma simpletransferofa message accumulatederrorsprovidedopportunitiesthatthe
througha noisychannel[i.e.,theclassical Japanesewere abletoexploitthroughcareful
problemofinformationtheory].For each planning.
singletransferitrequiresmore thanjust
recoveryofthemeaning ofthemessage, Ironically,erroneoustransmissionof
which,givensome redundancy,would information,normallyconsidereda liability,can
alwaysallowa fractionofthesymbolsto alsoprovidea sourceofinadvertentinnovation.An
be reproducedincorrectly,ltisalso organizationthatistotallyefficientand accuratein
necessarytopreventanyfurtheraccu- informationtransmissionwillgiveup some advan-
mulationofmistakesinsuccessive tageininnovation.Totaltransmissionefficiencyis
reproductionrounds.In otherwords,a most usefulwhen itoccursina verystableenviron-
fractionofpreciselycorrect[optimized] ment;theConfucianbureaucracyofimperialChina,
copiesmust be abletocompetefavorably whichspentan inordinateamount oftimeinensur-
withthetotaloftheirerrorcopies.Only ingtransmissionfidelity,comes tomind. Flexible
inthisway can the[optimalcopy]be organizationswithtransmissionerrors,incontrast,
maintainedina stabledistribution, shouldbe betterabletogeneratetheinnovations

requiredina rapidlychangingsituation.The U.S.
[Theseresults]canbe summarizedas responsetoPearlHarbor,whichwas basicallyto
follows:Any mechanism ofselective junk theexistingmilitarystructureand builda
accumulationofin,_ormationinvolvesan completelynew one,was completelyappropriatein
upperlimitfortheamount ofdigitstobe thisregard.Thisconclusionisalsoconsistentwith
assembledina particularorder.Ifthis theobservationsabouttheimportanceofexperi-
limitissurpassed,the[information]will mentationand failure-- as opposedtorational
fadeaway duringsuccessivereproduc- planning-- foundinbureaucraticmaxims about
tions, innovation,suchas"It'seasiertoapologizethanto

askpermission."
Thisproblemisparticularlystrongwhen an

organizationattemptstomaintainrulesand
behaviors that are effective during crisis situations 4 CRITERIA FOR DEVELOPING ROBUST
but costly and inconvenient in noncrisis situations. SYSTEMS
Any "mutations" (i.e., modifications of the
procedure) that are easier in the noncrisis environ- McGinnis and Ostrom provide a number of
ment will be selected for and compete against the suggestions on how robust systems might be
"correct" rules that were originally developed to cope developed and, in varticular, caution against trying
with the crisis, to do this with overly simple modeling techniques. I

would add two additional points to their list.
Wohlstetter's classic study of the U.S.

intelligence failures prior to the attack on Pearl First, efficiency may be less important than
Harbor (Wohistetter 1962; also see Janis 1982) sustainability in a robust system. The motto of Tom
provides an excellent example of this phenomenon West, the computer development manager in Tracy
in action. The military knew what it should have Kidder's novel, Soul of a New Machine, is, "Not
been doing in a state of heightened tensions with everything worth doing is worth doing weil."
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Biologicalsystems,whichevolvedratherthanwere 5 CONCLUSION
designed,tendtobe grosslyinefficientin many
regardsbut areallveryrobust. As Iindicatedatthebeginningofthese

comments,robustCPR regimesarean important

A legalsystemthatisonlypartiallysuccessful topicthatareveryrelevanttotheglobalwarming
may be more robustthanone thatattemptstobe problem.The McGinnisand Ostrom paper,and
completelysuccessful.Forexample,by most more generallyOstrom'swork inGoverningthe
accounts,thecomplexU.S.incometaxsystemfails Commons, provideexamplesofhow toproceedwith
inthesensethatmost peopleunder-reportincome, systematicstudiesoftheseproblems.
However,thesystemissuccessfulinthesensethat
itislargelyselfenforcingand generatessubstantial In hisremarksopeningthisconference,John
amountsofincomeby usingrelativelysmall Eddy suggestedtheneedforgreatercooperation
amountsofcoercion,ConsistentwithMcGirmisand betweenthenaturaland socialsciences.Letme
Ostrom'sobservations,thatsystem'suse ofcarefully extendthissuggestionwithtwo comments,thefirst
graduatedsanctionsreducestherent-seeking a reminderastowhy therehas been solittlefunded
behaviorthatischaracteristicofmany internal cooperationinrecentyears,the secondtoindicate
revenuesystems, thatcommunicationmay be easierthanitwould

firstappear.
A systemforthecontrolofglobalwarming

must be sufficientlythoroughtosolve,oratleast UntiltheonsetoftheReagan administrationin
control,thebasicphysicalproblemsofglobal 1981,cooperationbetweenthesocialand natural
warming. Interest-grouppoliticsbeingwhat they scienceshad beenencouragedinpolicyresearch.
are,thetemptationwillprobablyexisttosolve Under DavidStockman'saegis,however,itwas
additionalsocialand environm,entalproblemsatthe noticedthatsocialscientistshad an awfultendency
same time,tomake theeffortatglobalcooperation tosaythingstheReagan ideologuesdidnotwant to
more efficient.Experiencewouldindicatethatsuch hear.Economistssaidthattaxcutswouldleadtoa
effortsarelikelytobe counterproductive, massiveexpansionofthefederaldeficitand that

deregulationofthesavingsand loanindustrywould

The otherpointtonoteisthatcomplexsystems leadtocorruptionand bankruptcy;political
(forexample,thetransportationortelecommunica- scientistspointedoutthattheSovietUnion was
tionsystemsofindustrializedcountriesorany economicallystagnantand rivenwithethnicdivi-
maturelegalsystem,inadditiontobiological sions;and sociologistspointedoutthatcutbacksin
organismsorecosystems)arenotdesigned,theyare socialprogramsmightleadtoincreasesinhome-
grown;theyariseasa responsetopriorselective le_sness,drugabuse,and poverty.Uncomfortable
pressures.The more frequentlyan organizationis withthemessage,theReagan administrationdid
confrontedwitha particularproblem,themore everythingpossibletocutfundingforthe
efficientisitsresponse.However,thefirsttimethe messengers.Whilefundingwas restoredinsome
organizationissoconfronted,itsresponsewill areas,suchastheNationalScienceFoundation,itis
probablybe inefficientand possiblyunpredictable, stillabsentfromothers.Withoutbeingtoomuch of
sincetheinteractioneffectsofalloftherulesofa a disciplinarychauvinist,Iwould suggestthatthe
systemareunknown. One canrarelytakethe absenceofsocialscientistsfrom thepolicyprocess
formalorganizationchartand rulebooksofa has beendue atleastasmuch totheaccuracy,
human systemand deducefrom thosetheoutcome ratherthan thefailures,oftheirpredictions.
ofa specificchange.Nor aresuchsystemsneces-
sarilylogicallyconsistent;were thatthecase,there The otherimportantpointisthatthesocial
wouldbe no needforlawyers.Theseobservations sciencesand thenaturalscienceshave much more
argueagainsttryingtooverdesigna globalwarming incommon now intermsoftheirmethodologies
regime,particularlyinviewoftheuncertainty thantheyhad 50 yearsago. RobertPool,reporting
concerningeventhephysicsoftheproblem, intheAugnst 18,1989,issueofScienceon the
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SantaFe Institute,a collaborativeeffortof Kaplanininternationalrelations;economicswas
physicistsand economiststoshareideas,observes: putintoa rigorousmathematicalforminthelate

19rhcenturyby consciousemulationofthe
The physicalscientistswereflabbergasted mathematicalmodelsofphysics.
todiscoverhow mathematicallyrigorous
theoreticaleconomistsare.Physicsis Thisbeingsaid,theproblemofunderstanding
generallyconsideredtobe t_emost thesocialand politicalimplicationsassociatedwith
mathematicalofallthesciences,but thecontrolofglobalwarming isnotgoingtobe ea_,y
modern economicshas itbeat.... The tosolve,The socialsystemisatleastascomplexas

flipsideofthephysicists'surpriseatthe thephysical;bothhave longlagperiodsand poorly
rigoroftheeconomistswas theecono- understoodfeedbacks.In thesocialas wellas the
mists'astonishmentatthe physicists'lack physicaland biologicalrealms,intuitionmay not
thereof, alwaysbe a goodguide,and purelydeductive

models,divorcedfromthestudyoftheoperationof
Socialscientistsarenow qr_iteconversantin actualsystems,areunlikelytobe veryuseful.The

mathematicalmsdeling,ststisticalmethodologies, McGinnisand Ostrom papershowsthatthesesocial
experimentaldesign,and computersimulation, e,adpoliticalissuescan be stud_edand providesa
C.P.Snow'sgap betweenthe"'twocultures"'may worthwhileagendafor_ture research,
stil|applytothehumanitiesand thenatural
sciences,but therehas beena greatdealof
convergencebetweenthemethodologiesofthesocial 6 BIBLIOGRAPHY
and naturalsciences.Some oftheconceptsmost
relevanttotheproblemofunderstandingglobal Eigen,Manfred,and PeterSchuster,1978,The
'warming(forexampie,generalsystems,feedba'k, Hypercycle,Springer-Verlag,New York,N.Y,
and adaptation)have been part,ofthestudyof
socialbehaviorfordecades.Generalsystemstheory Janis,Irving,_1982,Groupthink,Houghton-Mifflin,
was attheforefrontofthe'_)ehavioralrevolution"'in Boston,Mass.

politicalsciencein the1950s,throughindividuals
_uchasDavidEastoninAmericanpolitics, Wohlstetter,Roberts,1962,PearlHarbor: Warning
KarlDeutschincomparativepolitics,and Morton and Decision,StanfordUniversityPress,Stanford,
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Comment 2 on Workshop in Political Institutions
.,. ,, ,, ,,,J .,...u,,,m_..m,.--.

Principal.Agent Relationships

Professor David Feeny
Department of Economics

McMast_r University
Hamilton, Ontario, C_nads

In recent decade_, economic analysis has been the best interests of the principal)among ali of
extended to situations in which there are important those who took part in a given round of inter-
asymmetries of information between actors. One national (or national or subnational) negotiations.
important c|ass of these situations are principal.
agent relationships, in which one party, the agent, Second, recognizing that perfect agency does
acts on behalf of the other, the p_incipal. In such not accurately characterize most regimes, one could
situations of incomplete and asymmetric informs, examine the likely set of feasible agreements in
tion (in which the agent may be better informed actual practice. Even in democratic systems,
then the principal), is it possible to devise imperfectly competitive political arenas mean that
mechanisms to ensure that the agent acts in the narrow, well-organized special interests are ot_en
best interests of the principal? How can we disproportionately represented relative to the
construct relationships so that physicians act in the general social interest. In less accountable regimes,
best interests of pat_.nts, lawyer in the best the scope for the agents to pursue their own
interest_ of their clients, or public officials in the interests at the expense of the principals is ofl_n
best interests of their cons tituent_? quite substantial.

When complex, multilayered problems such as Principal-agent relatiol_ahips are also relevant
those associated with g|obai warming are being in a situation of decomposable, nested hierarchies.
considered, the concept of principal.agent relation- Such hierarchies may be a mechanism through
ships has tw_ important applications. First the which coordination on a global sca|e may be
concept of the ideal principal.agent relationships achieved in a relatively decentralized fashion. In
can be used as a normative standard. Under ideal such hierarchies, the leader of a small,s_ale group
circumstances, leaders (agents) of groups (such as would act as agent on behalf of the members when
nation states) will negotiate t_ maximize net social negotiating with higher levels in the hierarchy.
benefits on behalf of their col_stituents (the Such systems of nested hierarchies would appear to
principals). Thus one could examine the set of be of great relevance in the context of issues of the
feasible agreements that could occur if there was global commons.
perfect agency (i.e., situation in which agent acts in
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Comment 3 on Workshop in Political Institutions

Problems of Institutional Analysis

Professor Leonid Hurwicz
Depa_nent of Economics
University of Minnesota
Mizmeapolis, Minnesota

The following is mostly an elaboration of the minin_'_e _.he possible need for (1)-sense institutions
comments I made during the rUscussion siLk,steal when i_ comes to the implementation of tulsa.
by the McGinnis-Ostrom paper (McG-O h_reinafl_r), inherent in (2)-sense institutions.
It will be seen that I have added references to other
papers by these two authors, kindly made available McG-O raises a host of important issues, both
t_ me after the conference. I had been ignorant of substan_ve and methodological, but it also takes
this literature, and ! am gratefid both to the strong positions on what institution_.l solutions are
authors and to the organizers rjf the conference for desirable and are likely to be successful. I am
so bl_adening my horizons, rather sympathetic with many of these positions,

especially insofar as they favor decentralization.
MacNeil et ai. (1991, p. 220, as cited on p. 1 of However, the extent to which one can hope to avoid

MeG,O) states that the design of appropriate ex_.crnal (third-party) enforcement and the extent to
institutions is on the Rio "Earth Summit" agenda: whic_ external enforcement can be made effectiv_
"the heads of state .... will be asked to... (4) are co,_nplexand do not lend themse|ves, i_. my
initiate major reforms of 'internatiena_ institutions opinion, to simple generalizations. To analyze this
to enable nations to manage global il_terdependence problem, I find it co_venient to fervour'.ate somewhat
and to implement Agenda 21 as well as the more precisely the meanL._g I attribute to
conventions.'" (2) institutions.

The use of the te_',m"institutions" in the above In MeG.O, and even more so in the two
quotation illustrates the multiplicity of meanings authors' other writings, game.theoretic models are
given to this term and the frequently resulting used at times to formalize various institutional
confusions. I The relevant dichotomy in the present arrangements. But there is, I believe, a distinction
context is between (1) using '°institution" as to be _mde between their formu|ation and the one I
referring to an organization, agency, or oth_r am about to state. Tb_ difference between the two
mission-oriented entity on the one hand and formulations is, h_ trun, related to the distinction
(2) interpreting "institution" as referring (in one of between what is technically ca}led a game and a
several povsible senses)to rules governing behavior. £ame form (or m_han/sm). What the |after two
The above quotation seems to use the term in its concepts have i_ common is the specification of the
first (1) moaning. But the focus of the MeGinnis. players' permissible stvate_y dorn_ns (i.e.,
Ostrom analylsis concerning problems due to the permissible sequences of moves that are, in general,
prospect of global warming, and in particular conditioned on the preceding, mov._s of the various
problems being faced by the Rio conference, is -- players), s Where they differ is in _nctions
a_,,dI believe should be -- on the issue oi'existing or defining the consequences of strategic choices made.
needed international rvgim_ relevant to the ecology In a pine, associated wi_ each player is his/her
of the globe. The concept of such regimes is broader payoff functior,, specifying th_ utility lave] (_
than but includes institutions in the second (2) number) that the player would derive from each
sense. From now, unles_ stated to the contrary, the permissible configuration of strategy choices, s lt is
second (2) meaning is intended. This is not to Otis payoff that the player seeks to maximize. But
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the payoff fimctions can be viewed as being Superficial reading of certain comments in the
composed of two elements: the _hysical 4 literature of game theory might make one believe
consequences of the strategic choices made (more or that there is no problem of enforcement, since it is
less global warming, degree of destruction of'forests, often stated that Nash equilibl_um solutions (in
stateofhealthofdifferentgroups,etc.)and the noncooperativegames)areselfenforcing.But this
preferencesorvaluesthatdifferentplayersattach claimisonlyvalidwhen itisassumed thatthe
totheseconsequences.The physicalconsequences playerswillnotgo outsidetheirstrategydomains
ofstrategicchoicesarespecifiedby what we callan (i.e.,will,notuse "illegal"strategies)and thatthe
outcomefunction.Here,asforthepayofffunction, postulatedoutcomefunctioncanbe made effective.
theindependentvariable(whatthemathematician But why shouldtheseassumptionsbe satisfied?
callsthedomain)istheconfigurationofstrategies
chosen,But whileforeachpayofffunction,the Considerfirsttheproblemof"legal"versus
dependentvariableisa (utility)number,the "illegal"strategies.Typically,itisphysically
dependentvariablefortheoutcomefunctionisa possibleforplayerstouse strategiesoutsidethe
physicals event.Thus a player'svalueofthe permissibledomain.Unlessplayershaveinter-
payoff function for a given configuration of strate- nalized the prohibitions, the relevant (to be called
gies is given by his/her utility of the outcome natural) game form contains ali strategies, legal and
associated (by the outcome function) with that illegal; that is the natural domain. As for the
configuration. _ Thus a game form is defined by the consequences, the corresponding natural game form
strategy domains and the outcome function, while a contains the actual consequences, whether they are
game is defined by the strategy domains and the determined by the laws of physics, the reactions of
payoff functions. 7 others, axlenforcement system, or other factors. If

these various faetors act so as to discourage the use

The rules of a game, as ordinarily conceived, of illegal strategies, the original ("desired") game
are contained in the game form, because the rules form will prevail. Otherwise, some or all players

specify which strategies are permitted orapossible will use illegal strategies, and the results will be
and the consequences of strategy choices. NotJ_ different from what would have happened at a Nash
thatiftheplayers'preferenceschangedwhilethe equilibriumofthe"desired"game form.
rulesofthegame remainedthesame,thepayoff
functionswouldchange,buttheoutcomefunction Typically,when new institutionsaredesigned,
wouldnotand hencethegame formwouldnot. thegame isaugmented instillanotherway:

playersareadded.These additionalplayersmay be
Giventhatgame rulesarespecifiedby the realpersons("thirdparties")ortheymay be

game form and thatinstitations(2sense)areoften "artificialpersons"(organizations,agencies,
interpretedas rules,itistemptingtothinkofan committees,etc.).7orexample,when a democratic
institution(again,in2 sense)asthecomponentof systemisintroduced,a parliament(anartificial
the game form that is subject to change by human person) may be brought into existence. On the
action. 9 But when we examine specific examples, other hand, an enforcement system may use third
we see that typically it is a whole ck_ss or category parties such as police, judges, etc., whose (collective)
of game forms, I° rather than a single game form, mission is to discourage the use of illegal strategies.
that is thought of as a specific institution. 11 One The game form that takes into account the natural
I_aight say that an institution is an attribute of game domains, the natural outcome function, and the
rules, or even that it is a rule about ,'ules ''12 extra players is called the augmented game form.

Following this digression about the basic But, assuming that only legal strategies will be
concepts, let us return tt_ the prob'[em of enforce- used, a mechanism (game form) cannot be made
ment of rules, or -- more broadly -- what one might effective unless its outcome function operates as
call effective implem_.=?,t_.on, such a crucial issue in prescribed. That may, in particular, involve taxes,
institutional design for problems of global warming, subsidies, fines, and hence transfers of goods and
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money. A machineryisneededtospecifyvarious enforceproper(supervisoryorenforcement)
proceduraldetailsand alsotoseethattransfersare behavioron thepartoftheunderlingEi-I,whose
actuallymade (e.g.,tocollecttaxesormake social behaviorEimonitors.Thisconfigurationmay be
securitypa._nentstothosewho areentitled).Ifall called"closingthecircle."Here En isan intervenor,
ofthisissuccessfullydone,Ispeakofeffective havingboththe("material")interestin seeingthat
implementation, is A behaves and the powers (ir_directly) to bring this

about, is

To effectively implement a goal function means
that the augmented game form yields equilibrium Without studying the nature of the goal to be
outcomes consonant with that function. Since implemented and the nature of the facts bearing on
typically there is cost in operating the system probable ("natural") behavior, it is difficult for one
(whether for information processing or enforcement), to generalize as to the need for external (third-
the ideal "first best" solution is usually not party) enforcement. Perhaps the GATT experience,
attainable, But even the "second best" solutions are the Montreal Agreement, or disarmament
not always effectively implementable. The negotiations provide clues as to what can be
recommendations contained in the McG-O paper achieved without third-pe-ty intervenors on a global
suggest procedural prescriptions (meta-rules) scale.
designed to result in communities adopting rules
that are enforceable. Similarly, one cannot be too dogmatic about

gradual versus "wholesale" reforms. When many
McGinnisand Ostrom pointtosituationsin componentsareinterdependent,thegradual

which,givena transgressionon thepartof approachmay notbe feasible.On theetherhand,
individualA,thereisan individualB who hasboth suchradicalchangesacrosstheboardalsohave
themotivationand theabilitytonotet_hata theirdangersand difficulties.The experiencesof
transgressionhas occun'edand who caneither Centraland EasternEuropemlcountriesemerging
discourage(orevenstop)thetransgressionorreport from communism and commmld economiesillustrate
ittosomeonewho can doso. IndividualB iswhat I thispoint.
have calledan intervenor:a playerwho has the
motivationand ability(power,assets,evenpowers A few additionalcomments arein order.First
ofpersuasionorcharisma)tointerveneinsucha I willmentiona technicalpointconcerningwhat
manner astominimizetheprobabilityoreven McGinnis16callstwo-levelgames inwhich,for
totallypreventillegalbehaviorand tomake the instance,electedrepresentativesoforganizations
desiredoutcomefunctionoperational.But an (lower-levelbodies)areertgagedinbargaining.The
intervenor(inthesenseofthisdefinition)may not traditionalapproachoftreatingthese
be a persondirectlyaffectedby thetransgression, representativesasbeingmotivatedby a utility
Considera policemanstoppinga speeder,ora function17_ when infacttherepresentativesare
prosecutordeterminedtorootoutcorruption, underinstructiongeneratedby (forexample)
Effectiveimplementationmay be a resultofthefact majorityvotesinthelowerbodies-- isclearly
that there are participants (individuals or groups) inappropriate. But there are ways of dealing with

who believe in the system as designed, and who, such situations withou_ postulating a utility-, . 14
without having direct (i.e., material ) interest, maximizing behavior. For example, in a paper is
are determined to see it work, and who, again, are dealing with the implementability (in Maskin's
somehow endowed with the powers to accomplish sense) of goal functions, 19 1 replaced Maskin's
this. They qualify as intervenors. On the other assumption that each player2_is maximizing his
hand, there may be a chain consisting of individual or her utility or preference by the assumption that
A (the object of enforcement activities) and the each player has a choic_ function. This choice
enforcers El, ..., En-l, and E n. Individual En is function could reflect the majority votes of the lower
special in that it is in his/her Cmateriar') interest body that the player represents. The important
that A obey the rules. The behavior of person A is point is that such a choice function need not be
monitored by enforcer E1, who in turn is monitored rationalizable in terms of a transitive, complete,
by E2, etc. It is further assumed that each Ei ordering relation. Nevertheless, one still obtains
among the enforcers E 2, ..., E n has the power to counterparts of Maskin's implementability
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theorems, both for necessary and sufficient underlying benefit-cost analysis are made as if
conditions. It is true that when the lower bodies' preferences were quasi-linear (i.e., characterized by
choice functions are "irrational," the meaning of constant marginal utility of money). In that case,
implementability is weakened, but this seems one can separate the issue of efficiency from that of
unavoidable. In an.y case, models of this type are distribution. But there is usually no justification
more representative of international negotiations for that assumption, and then distributional issues
and deserve further study, affect conclusions as to efficiency. This fact does

not, in my opinion, invalidate the benefit-cost
The second issue is about design versus approach as such, but it does call for estimation

spontaneous development or self-organizing procedures that are more sophisticated. Further-
behavior. If the world were satisfied with more, there is then no longer a unique, efficient,
spontaneous development of institutions dealing social.resource allocation but rather a whole
with global ecological issues, we would not (I think) spectrum of different efficient arrangements
be witnessing Montreal or Rio. History provides corresponding to different distributive polici,es,
what to me are clear cases of conscious design, the Together with the problem of compensations, this
U.S. Constitution being perhaps a prime example, issue, far front being an abs_,ruse point of theory, is,
But looking at the matter from the point of view of I believe, at the heart of the conflicts between the
what we have called the natural game form, one more developed "North" and the less developed
encounters a philosophical question. One can argue "South." Similarly, the debates concerning
that the natural game form cannot be altered by the appropria_ discount rates may, to some extent, be
designers. But then, what is the role of design.? interpreted as distributional conflicts between th_
Perhaps it is only a matter of discovering that the present and future generations.
natural game form contains more advantageous
solutions than those previously arrived at and of Finally, I will mention the suggestion,
persuading others that this is so. In that case, the discussed in some detail in Kosobud's paper,
role of design is purely at the level of cogrdtion. But concerning the use of market-type methods (in
having a new design adopted may involve playing a particular, tradeable pollutioxz permits) in de_ling
game based on the natural game form. The two- with pollution and other environmental hazards.
stage Reiter-Hughes model points in that direction. The basic and rather natural idea is to mako the

pollution activity into a negative commodity (i.e.,
Itshouldbe notedthatthe outcomeofsucha commanding a negativeprice)and thentak_

game neednotrc3ultina resourceallocationthatis advantageoftheknown "invisibleh_nd"advantages
Pareto-superiortothepreviousone. In otherwords, ofcompetitivemarkets.However,ith_Lqbeen
as isoftenthecasewhen decisionsaremade by shown by D. Stal-rett21thatwhen suchnegative
majorityvote,theremay be losersas wellas commoditiesareadjoinedtothecenvexltionalones,
winners,ltisinthiscontextthatthe(theoretical) thephenomena ofdetrimentalext_znalitiessuchas
roleofbenefit-costanalysiscanbe understood, pollutionresultinnonconvexproduct_'ap¢_ssibility
Subjecttoa technicalpointconcerningthe sets.Consequently,itislikelythatno fi_'edprice
customaryunderlyingassumptions(tobe discussed vectorwillbalancesupplyand demand, Tl,,isdoe_
below),ifthebenefit-costanalysisshe-csthata notmem_ thata marketequilibriu_nisiml_ossible,
certainchangewouldyieldpositivesocial(i.e., butitwillnotbe a "perfectlycompetitive
consumerplusproducer)surplus,we concludethat equilibrium."Fora marketprocesst_yieldefficient
itis,inprinciple,possibletofinda compensation resourceallocation.--whichisthe_bjective-- it
scheme sothattherewouldbe no loserswhilesome becomesnecessarytouse "nonlinearprices"(i.e.,,
or allwouldbe gaining.But,as has oftenbeen pricesthatvaryasfunctionsofthevolumetraded).
pointedoutintheliterature,itdoesnotfollowthat But tofindtheappropriatenonlinearformulasfor
theproposedisdesirableevenifsuchcompensations theseprices,some informationalcentralizationmay
arenotmade. be unavoidable,and sosome ofthecustomary

advantageofthemarketprocessmay be lost.
Further,thereisthetechnicalproblem

mentionedabove:CtLqtomarily,thecalculations
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END NOTES 6. Some notationmay helpavoidambiguity.Let
therebe n playera,and letsibe thestrategy

1. See E+Ostrom, 1986, An Agenda for the Study chosen by the i-th player. If h represents the
of Inst_utions, Public Choice, 48:3-25. As will outcome function, and the give_ strategy

be seen, I tend to side with Ostrom's inter- configuration (n-tuple) is S = (S1, ..., Sn), then
pretation of the term "institution" (h_the sense the outcome produced by that configuration is
related to rules and labeled as 2 in what h(s). Now let the i-th utility function be
follows)ratherthantheequilibriumbehavior denotedby u!,and thei.thpayofffunctionbe
sensegiventoitby A. Scherrer,1981,The _enoted.byp_.We thenhavetherelation
F,conom_c Theory of Social Institutions, pi(s) = u_(h(s)); that is, the i-th payoff function
Cambridge University Press However, is the composition of the i-th utility fm iction
because of my somewhat broader interpretation with the outcome function.
of what is meant by rules, the contrast is not
m_strong ss might appear. See L. Hurwitz, 7. Using the notation of the preceding footnote,
forthcomdng, Towards a Framework for and denoting the strategy domain (i.e., the set
Analyzit_g Institutions and Znstitutional of permissible strategies) of the i-th player by
Change, in Democracy and Markets: Participa- Si, we defined a game form by the n+ 1 entities
rien, Accocnt_bility and EPf_ciency, S+Bowles, (S_, ..., Sn, h), while a game is defined by the
H. Gintis, and B. Gustafsse, n (editors), 2n entities ($1, ..., Sn, pl ..., ph).
CambridgeUniversityPress,and L.Hurwicz,
forthcoming,Implementationand Enforcenw,nt 8+ However,strategydomainsarelimitedby laws
_nInstitutionalModeling,inPolitics]Economy: ofphysics,and theoutcomefunctionisalso,at
Institutioz_s,Information,Competition,and leastinpart,determinedby theselawsas well
Representation,W. Barmnett,M. Hinich,and as otherfactors.That iswhy we saythatgame
N. Schofield(editors),CambridgeUniversity rulesarecontainedin (butarenotcoextensive
Press, with)thegame form.

2. The conceptera playedsstrategydomain 9. As distinctfrom componentsdue tophysical
covers the three categories in esteem (1986): laws, etc. The distinction made here is close
permitted,required,and p_:oh_.bited.Every- to,ifnotidenticalwith,thatbetweenphysical
thingoutsidethestrategydomain _sprohibited; and "deontic"statementsinR. Gardnerand
everything within it is permitted. If a move is E. Ostrom, 1991, Rules and Games, Public
required,ite,onstitut_san elera_ntofevery Choice,70:12i-149.
strategy]inthe_domain.

10. More precisely,witha classofthose
3. There are, o:Pcourse, as many payoff functions components of game forms that are influence-

as there are player_, able by humans. We may note here that since
the rules, in addition to governing behavior,

4. ]'he term °'physical" _hould be interpreted quite are generated by human actions, they may in
broadly,possiblytoincludeevenemotional particularbe viewedas solutionstoa prior
s_at_s and behaviors. In econom.ic models, the game. See S. Reiter and J. Hughes, 1981, A
ou.t_ome is usually the resulting resource Preface on Modeling the Regulated U.S.
allocation. In voting models, it may be the Economy, Hofstra Law Review, 9(5):1381-1421.
candidate elected or the issue prevailing in a This aspect of the situation bears a relation-
referendl_n, ship to Schotter's view of institutions as

behavior patterns that are equilibrium solu-
5. Typicallymultidimensional(see_hepreceding tionsofgames.

f_otnote).
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11. Consider, for instance, the institution of 16. From a paper done jointly with John T.
marriage. We may think of a particular type of Williams, which the authors were kind enough
marriage (say monogamous) as being defined to make available to me but which is not yet in
by one game form, while another (say polyga- final form available for quotation.
mous) is defined by another game form. But it
is the common features of these two game 17. Or, more generally, by a preference relation,
forms (and other game forms defining other whether or not it can be represented by a
types of marriage) that correspond, in my utility function. An example of a preference
interpretation, to the notion of the institution relation that cre'mot be so represented is the
of marriage as such. so-called lexicographic ordering, in which, for

example, one good (such as one's child's
12. Thus, I interpret Ostrom's rules as being such probability of survival) holds absolute priority

"rules about rules." Typically, we are subject over another good (such as one:s chance to save
to many institutions, or what Ostrom (1986) $10). lt may be noted parenthetically that
calls a configuration of rules. Therefore, a certain criticisms of the benefit-cost analysis
configuration of rules in Ostrom's sense is the (voiced in connection with the Kosobud paper)
intersection of sets of game forms, with each can be interpreted as saying that when such
set defining one of the institutions of the lexicographic ordering is present, no finite rate
configuration. Clearly, as pointed out by of substitution is appropriate, and the
Ostrom, the class of game fo_ns admissible conventional calculus techniques do not apply.
under the configuration is narrower than the
individual i_,stitutions would permit. 18. See L. Hurwicz, 1986, On the Implementation

of Social Choice Rules in Irrational Societies, in
13. This goes beyond the concept of implementa- Social Choice and Public Decision Making,

tion as defined by Maskin, 1977, Nash Essays in Honor of K.J. Arrow, W.P. Heller,
Equilibrium and Welfare Optimality, M.I.T. R.M. Starr, and D.A. Starrett (editors),
mimeo, where enforcement and the proper Volume 1, Chapter 4, pp. 75-96.
workings of the outcome function are taken for
granted. Hence the adjective "effective" used 19. Here we permit functions to be multivalued
here. (i.e., the term function covers correspondences

as well as single.valued relations).
14. There may be au indirect interest in, for

examp|e, maintaining a reputation for 20. In the above example, each representative of a
impartiality and incorruptibility, which may be lower body is a player.
professionally valuable. But one should not
exclude the possibility of idealism, or ethics, or 21. In D. Starrett, 1972, Fundamental Non.
ideology. Convexities in the Theory of Externalities,

Journal of Economic Theory, 4:180-199.
15. This is different from the McG-O irrigation

rotation example, where everyone has a direct
interest in his/her predecessor observing the
rules and where everyone is an intervenor with
both motivation and power.
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Get, era] Technic  l Comments on Climate Chanige
_ _ _ - .

Commenlt 1:
Answers to FiveQuestions Posed at Conference

Dto John Firor*
Advanced Study Programs

National Center for Atmo_ph(_ric Research
Boulder, Colorado

I. What are the projections of global average ha|f degree in the ]ast 100 years, whereas climate
temperature increase? models retrospectively forecast an increase over the

same period of between a half degree and one
The Intergovernmental Panel on Climate degn'ee, Tsken at face value, these comparisons

Change (IPCC), assuming a '_usiness a:_usua| '_ favor tho_e models that project the smallest future
scenario of emissions, projected a 0.3°C t,emperature h_ating, }_tlt whexi they are viewed in the context of
increase per decade, with an uncertainty range of the "targe natural variability_ the comparisons
0.2°C to 0.5°C per decade. The authors of the merely remind us that it will be some years or
recent update of the IPCC study looked at the many decades before the question of the rate of heating
papers that have been published since the original can be answered observationally. It should also be
report and decided that there was no scientific need remembered that the same natural variability will
to adjust this earlier projection, prevent the 0.3°C-per-decade warming from being a

steady increase.
Climatologists have long recognized that the

natural variability ot' the climate system is Sea level is projected to rise 6 cm per decade,
sufficiently large th_Ltthe warming generated by with an uncertainty range of 3 to 10 cm per decade.
human-induced emissions will not be clearly visible
in the global data vntil the end of this century or
later. Even so, the impatience of everyone to see 2. What are the prospects for projecting regional
progress in specifying the global rate of chmlge has climate change ?
led groups to make comparisons of w odel calcula-
tions with the heating deduced from global data The regional effects projected by IPCC are as
sets. follows: Land surfaces will warm more rapidly than

the ocean. In winter, high northern latitudes will
A number of groups have attempted such warm more than the global mean. Temperature.

comparisons. They conclude that the global average increases in southern Europe and central Norti_
surface temperature has increased approximat_)ly a America will be larger than the global mean and be

*Dr.John FiroroftheNationalCenterforAtmosphericResearchisa distinguishedclimatescientistwho has
devotedmuch ofhiscareertothedescriptionand analysisofthephy,_icsoftheearth'satmosphere.He has
participatedinand advisedmany nationaland internationalorganizationsconcernedwithclimatechange
and itsimpacts.At thisworkshop,he playeda roleasa resourc_experton theunderlyingfactualknowledge
baseofclimatescience.Inthiscapacity,he was askedtoaddressseveralquestionsrelevanttosocialscience
research.His responsesfollow.--Editors
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accompanied by reduced summer precipitation and model, variables such as salinity and the area of sea
soil moisture. There will be apparent regional ice are also calculated. Additional variables could
variations in the rise in sea level because of the be derived (e.g., amount of cloud cover or ocean-
rising or subsiding motions of islands and wave height). Newer models are beginning to
continental margins, include the concentrations of a few chemicals as

variables.

These projections are both coarse and uncertain
and of little help to planners interested in preparing Some of these variables -- in particular soil
for climate change at a specific locality. Therefore, moisture -- are now routinely computed because of
there is a vigorous effort underway in various requests from scientists interested in responses of
laboratories to improve the ability of climate models agriculture to climate changes. Variables not now
to simulate the sensitivity of regional climate to retained in the data sets produced by model
increases in infrared-trapping gases in the calculations could, if needed, be stored for later u_e,
atmosphere, and new variables derivable from the ones already

calculated could be added to the calculation, but
Much of the difficulty in foreseeing regional always at a sacrifice of the length of time that can

changes arises from the fact that global climate be simulated with a fixed computer resource.
models are themselves coarse grained (i.e., a single
point used for calculation in the model represents a
large area on the surface of the earth, and 4. What is the feasibility and what are the costs of
important features on the surface such as proposed geoengineering options for responding
mountains can be represented only crudely), to climate change?
Limitations in computer speed and memory prevent
modelers from quickly increasing the spatial For the most part, proposed geoengineering
resolution of global climate simulations, plans have not been studied in any detail and no

answer to the question is possible. The reason for
The approach that may be most effective for the lack of study arises from the fact that most such

promptly producing improvements consists of proposals involve complex systems, so a great deal
imbedding a fine-mesh regional model of an area of of work needs to be done to convert the idea into
particular interest into a global climate model. To one that can be quantified in a climate or related
the extent that features in the local regions (such as model.
mountains, shorelines, and areas of vegetation) can
be thought of as processing large-scale flows of the For example, the notion suggested by a
atmosphere to produce the detailed local climates, laboratory experiment -- that iron fertilization of
this approach can be expected to produce progress certain ocean areas might enhance biological
in our ability to project regional climate changes, activity and, through this activity, the ocean storage

of atmospheric carbon---will require extensive
work on ocean biology and integration of this

3. Do the climate models produce outlooks for a biological knowledge into calculations of carbon
group of climate variables clcsely related to fluxes to and from the ocean and transfers within
societal impacts? the oceans. The ocean biological system is

sufficiently complicated that a single ocean
Many variables are involved in general experiment now would not provide final answers. If

circulation model (GCM) calculations and could, in changes in carbon fluxes were observed in such an
principle, be retained and displayed as time series, experiment, one would not necessarily know the
Those directly produced at each level above each chain of events that produced the changes; thus, the
model grid point include pressure, density, experiment could not readily be scaled up. Further,
temperature,wind,humidity,downflowingand withoutadditionalknowledgeoftheoceaniccarbon
upwellingradiation(bothsolarand longwave),and cycle,one wouldnotknow whetherthecarbontaken
any cloudatthatpoint.At thesurface,both up wouldstaystoredforthecenturiesrequiredor
precipitationand evaporationarecomputedand soil whetherunacceptableshiftsintheoceanfood-chain
moistureisderived.Fortheoceanportionofthe mightbe an accidentalresultoftheplan.Thus,
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decadesofwork,largeteams ofscientists,and a changethatwouldbe producedby theproposed
largeamount offundingforfieldobservationsand action.
model experimentswould be requiredtobeginto
assessthefeasibilityoftheproposal. Finally,allgeoengineeringproposalssharethe

problemthattheirtrueimpactsareasdifficultto
Some ofthesestepsaretmderway. Scientists projectastheimpactofadditionalcarbondioxidein

familiarwithoceanbiologyinthesuggestedregions theatmosphere.We seeevidenceintheprepara-
have studiedtheproposaland presentedarguments tionsforthemeetingtobe heldinRiothata rough
thatthenetlong.termcarbonstoragewouldbe estimateoftheglobalaveragerateofclimate
small,thusbeginningtheusualscientificprocessof changemay be sufficienttotriggeractionstoslow
testinga new idea.Othergroupshave alsobegun thatrateofchange.But a much more precise
toapplywhat theyalreadyknow tothequestion.If calculationwouldlikelybe requiredbeforepeople
work _,verseveralyearsby many groupsshows a wouldintentionallysetabouttomodifytheclimate.
favorablepossibilityforcarbonstorageand a lackof
troublesome side effects, we should then expect 5. What climate variables co.var:y with global
plans to be formulated for some sort of field test of average temperature?
the proposal.

Both average absolute humidity and global
The iron fertilization suggestion envisions a rainfall should increase as temperature increases.

method of removing one of the causes of human- However, the rainfall would not be distributed
induced climate change from the atmosphere. In evenly or even proportionally to current rainfall.
that respect, it is similar to the proposal that we The estimate from IPCC is that precipitation will
plant trees to remove carbon from the air. Most increase in winter in mid latitudes and at ali
other geoengineering proposals, however, are seasons in high latitudes and in the tropics.
designed to counteract one feature of the resulting
climatechangeand,as such,have a defectthat Scientistshave speculatedaboutwhether
slowstheirconsideration.A majorclimate-change atmosphericvariabilitywillchangeas temperature
event,suchas theone thatwe arenow inducing,is increases,orwhetherthestrengthofhurricaneswill
con,plex,involvingallaspectsofweatherand increasewithhighersurfacetemperatures,butno
climate-- cloudiness,wind,temperature,and conclusionsareyetpossible.
precipitation.The defectofmost geoengineering
proposalsistheyattempttoslowonekindof ltis,ofcourse,verylikelythatthefrequencyof
climatechange(temperatureinc_rease)by the hotspellswillincrease,and thefrequencyofcold
creationofanotherkind ofclimatechange(e.g., spellswilldecreaseina hotterclimate,but,again,
changeincloudinessoratmospherictransparency), givingdetailsofsucha changewillrequire
So far,none oftheproposalshas includeda careful improvedregionalcalculations.
studyoftheeffectsofthedifferentkindsofclimate
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Comment 2:

Nurturing Multidisciplinary Research on the Global Commons

David Feeny
Department of Economics

McMaster University
Hamilton, Ontario, Canada

Both an improved understanding of the causes intellectual enterprise and provide useful role
and consequences of global warming as well as the models for more junior investigators.
exploration of responses to global warming require
the integration of knowledge from a wide variety of Standard academic programs in graduate
disciplines in the natural sciences, social sciences, schools are often not well suited for the training of
and humanities. The need for high-quality research investigators for such settings. It remains
drawing on a number of disciplines has a number of important, however, that sucN investigators obtain
implications, solid training in their own discipline. Such

training, when combined with practical experience
There are a variety of examples of successful working in teams (perhaps as a research associate

multidisciplinary enterprises that have conducted of a faculty supervisor or in a postdoctoral position),
useful research over an extended period of time. It might provide a viable training path for disciplinary
is possible, however, that the challenges involved in scholars capable of working effectively in
the creation and maintenance of multidisciplinary multidisciplinary teams.
research teams and institutes to date have been less
formidable than the challenges facing the creation The traditional departmental/disciplinary-based
of appropriate institutional arrangements for structure of academic settings is also ot_en not well
research on global warming. Global warming suited to the conduct of multidisciplinary research.
appears to require both greater integration among a The reality is that publications in journals in one's
number of disciplines in the natural sciences and discipline are weighted more heavily than publica-
greater integration with social science disciplines, tions elsewhere. Successful ongoing multidisci-
Multidisciplinary success in the health sciences and plinary programs of research will require that the
agricultural sciences has probably been less incentive structure be altered to recognize
demanding, achievementsinotherfields.Disciplinary-based

departmentalcommitteesand chairswillhave to
Successfulmultidisciplinarysettingswould engageincommunicationwithdepartmentson the

appeartoshareseveralcharacteristics.First,itis relativemeritsofvariousoutlets.Explicitexante
importantthattherebe a criticalmass of agreementson therelativeweightstobe accordedto
investigatorsfrom eachkey disciplinetoprovide accomplishmentsinvariousactivitiesmightbe
ongoingpersonaldevelopmentand intellectual useful(e.g.,25% forteaching,35% forresearch
supportwithineachdiscipline,ltisalsoimportant withinone'sdiscipline,25% formultidisciplinary
thateachmember ofsucha researchenterprisebe research,and 15% forservice).
committedtotheconductofmultidisciplinaryteam
research,atleastoverthemedium term. Insucha Institutionalmechanisms tosupportthe
situation,thereisan incentivetobeartheheavy trainingofinvestigatorscapableofcontributingto
initialcostsoflearninghow tocommunicateamong multidisciplinaryresearchm_d tosupportthe
thedisciplines,ltisalsoimportanttonurturea conductofsuchresearchwillneedtobe further
cultureofmutual respectforthecontributionsof elaboratedtoenhancethe capacitytoprovide
eachmember oftheteam. The involvementof rigorousand timelybasicand appliedresearchon
senior,well-respectedinvestigatorsfrom a number globalwarming. Medium-term commitmentswillbe
ofdisciplinesisimportanttolegitimizethe requiredtoprovidetheincentivestoovercomethe
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initialfixedcostsofestabliahinginterdisciplinary globalwarming researchwillhave important
communicationand ,collaborstiveworkingstyles, spilloverbenefitsinotherareas,
Accomplishmentsincreatingsucharrangementsfor
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Comment 3:

TIZo Research Agenda:
Social Science Research on Global Warming

Professor David Feeny
Department of Economics

McMaster University
Hamilton, Ontario, Canada

The institutional analysis group diqcussed a objectives and aspects of human quality of life other
number of topics and methodological approaches than the material standard of living. The social
that would constitute important components of the indicators approach provides a broad measure of
social science contribution. I have elaborated upon quality of life. Within health.services research,
those discussions to record a somewhat personally there are a vari_ty of broadly and narrowly focused
idiosyncratic' set of items for the social science measures of health-related quality of life. Prefer.
research agenda, ence measurement approaches developed to evaluate

the health-related, quality-of-life value of changes in
A number of social science and historical health status may be an especially use_al model for

disciplines contribute relevant case studies and developing methods for eliciting preferences over
comparative case studies. Economic and tech- nonpecmdary environmental outcomes.
nological history studies that address the factors
that affect the speed and direction of bias in In recent Jecades, the social sciences have
technological change are of obvious relevance and exploited small.scale laboratory experiments to
will be useful in informing presumptions about the sharpen the ability to test theory or the efficacy of
degree of substitutability w_thin and among natural proposed new institutional mechanisms. There
and man-made inputs to production. Case studies have been a number of informative studies on
of exist/ag and historical nested hierarchies are also small-group collective-action problems, committee
very important, behavior, voting rules, and other topics relevant to

managing the global commons.
Norman Rosenberg reviewed the Resources for

the Future MINK study (Missouri, Iowa, Nebraska, The social sciences have also conducted large.
and Kansas) for the group. The study included a scale field experiments to inform assessments of
careful descriptive analysis of the economic activi- major social policy issues. Examples include
ties of sectors in the region that are sensitive to negative-income tax, alternative pricing policies for
changes in climate (agriculture, forestry, water public utilities, and health-care expenditure
resource management, energy). Carefully calibrated insurance experiments. Although field experiments
models describing inputs and outputs were devel- are difficult and expensive and although such
oped. Simulations were then conducted to assess experiments involve ethical issues, the conduct of
the independent effects of autonomous economic such research has much t,o contribute to the
change, autenomous climate change, and their inter- formulation of well-informed, effective policy
action. The resets represent one meaningful and interventions.
attractive approach for assessing economic-change/
climate-change interactions_ Additional studies Studies on the design of incentive-compatible
such as t_heMINK study and alternative approaches mechanisms are crucial for improved policy
for the assessment of economic-change/climate- formulation for global climate change problems.
change interactions appear to be warranted. Under existing arrangements, private actors take

into accotmt private costs and benefits that poorly
A number of disciplines in the social sciences reflect the underling social costs and benefits of

have developed measures that reflect nonpecuniary their actions. New institutional arrangements that
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would more closely ._lign private and social costs needed at the level of practical implementation and
and benefits would help to ameliorate global change the transition path from one set of institutional
problems. Our understanding of the design, arrangements to another. A variety of analytical
creation, and maintenance of such incentive- approaches, including noncooperative and coopera-
compatible mechanisms needs to be further tire game theory, are of relev_ce. These analytical
developed. Better understanding is needed at the techniques need to be complemented by experi-
level of theoretical/analytical knowledge. It is also mental methods and ca_e studies.
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•. Comment 4:
/Policy for Sustainable Development:

Some Unresolved Issues

Pr_- ......Vernon W. Ruttan
Department of Agriculture and Applied Economics

University of Minnesota
St. Paul, Minnesota

1 INTRODUCTION viewed technical change as widening the possibility
of subf_titution among resources (of fertilizer for

We are now in the midst of the third wave of land, for example) (Solow 1974; Goeller and
social concern since World War II about the Weinberg 1976). The sustainability community
implications of natural resource svailPbility and r_jects the "age of substitutability" argument. The
environmental change for the sustainability of loss of plant genetic resources is viewed as a
improvements in human well-being, permanent loss of capacity. The elasticity of

substitution among natural factors and between
The first wave of concern in the late 1940s and natural and man.made factors is viewed as

early 1950s fr_msed primarily on the quantitative exceedingly low (James, Nijkamp, and Opschoor
relationship between resource availability and 1989; Daly 1991). This it_an argument, in
economic growth. The response to this first wave of economists' language, over the form of the
concern was technical change in raw material production function. If a colvbination of capital
production. Th_ second wave of concern, in t_e late investment end technical change widens the
1960s and early 1970s, focused on the rising opportunity for substitution_ imposing constraints
demand for assimilation by the environment of on present resource use could leave subsequent
residuals derived from growth in commodity generations less well off. On the other hand, if real
production and consumption -- primarily at the output per unit of natural resource input is
local and regional level. Since the mid 1980s, these narrowly bounded (i.e., cannot exceed some upper
two early concerns have been supplemented by a limit that is not too far from where we are now),
third. This more recent concern centers around the catastrophe is unavoidable. While the argument
implications for environmental quality, food between adherents to these two views is often cast
production, and human health of a series of in philosophical terms, empirical research should
environmental changes such as globs] warming, lead toward a convergence,, But since the data
ozone depletion, acid rain, ancl others that are needed to resolve the issue will never be adequate,
occurring on a transnational scale. Before actions continued disagreement can be expected.
to resolve these more recent challenges to
sustainable economic growth are taken, a n_nber of
unresolved issues must be confronted to al'low a $ ISSUE OF OBLIGATIONS TOWARD
commitment to this resolution to be translated into THE FUTURE
an internally coherent reform agenda. In this note,
I discuss three of these issues. The second issue is one that has divided

traditional resource economists and the
sustainability community. T_,_, is the issue of how

2 ISSUE OF SUBSTITUTABILITY to deal analytically with the _'_igstions of the
present generation toward future generations. _e

One area where our knowledge is inadequate is issues of intergenerational equity is at the center of
with respect to rite role of technology in widening the sustainability debate (Pearce, Barbier, and
the substitutability among natural resources and Makrandaya 1990; Solow 1991). Environmentalists
between natural resources and reproducible capital, have been particularly critical of the approach used
Economists and teclmologists have traditionally by resource and other economists in valuing future
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benefit and cost streams. The conventional approach continue to be undervalued for purposes of both
involves the calculation of the "present value" of a market and nonmarket transactions. Traditional
resource development or protection project by production theory implies that if the price to a user
discounting the cost and benefit stream by some of an important resource is undervalued, it will _
"real" rate of interest (i.e., an interest rate adjusted overused. If the price of a factor (the capacity of the
to reflect the costs of inflation), atmosphere to absorb greenhouse gases, for

example) is zero, it will be used until the value of
The critics insist that this approach results in a its marginal product to the user approaches zero.

"dictatorship of the present" over the future. At This condition will be true, even though it may be
conventional rates of interest, the present value of a imposing large social costs on society.
dollar of benefits 50 years into the future
approaches zero, "Discounting can make _olehi]ls The dynamic consequences of failure to
out of even the biggest mountain" _Batie 1989, internalize these costs are even more severe. In an
p. 1092). So]ow has made the same point in more environment characterized by rapid economic
formal te_. He notes that if the marginal profit growth and changing relative factor prices, failure
(marginal revenue less marginal cost) to resource to internalize resource costs will bias the direction
owners rises more slowly than the rate of interest, of t_chnical change (Ruttan 1971). The demand for
production is pushed nearer in time, and the a resource that is priced below its social cost will
resource would be exhausted quickly (Solow 1974, grow more rapidly in this environment than in a
p. 3; Lipton 1991). situation where substitution possibilities are

constrained by existing _chnology. As a result,
A question that has not been adequately "open access" resource_ will undergo stress or

answered is this: As a result of the adoption of a depletion more rapidly than they would in a world
widely held sustainability "ethic," would the characterized by a static technology or even by
market-determined discount rates decline toward neutral (unbiased) technicn] change.
the rate preferred by those advancing the
su_tainability agenda? 1 Or would it be necessary to The desi_m _nd i_.plementation of incentive-
impose sumptuary regulations in an effort to induce compatible institutions (institut,ions capable of
society to shift the income distribution more achieving compatibility between individual,
strongly toward future generations? It is clear, at organiza_iona|, and social objectives) remain, at this
]east to me, that in most countries, efforts to stage, an art rather th_ul a science. The incentive
achieve sustainable growth mttst involve some compatibility problem has not been solved even at
combination of (1) higher contemporary rates of the most abstract theoretical level. 2 This deficiency
saving (i.e., deferring present consumption in favor in institutional de,_ign and implementation capacity
of future consumption) and (2) more rapid technical is evident in our failure to institute policies capable
change, particularly technical changes that will of achieving contemporary distributional equity,
enhance resource productivity and widen the range either within countries or among rich and poor
of substitutability among resources, countries, lt impinges with even greater force on

our capacity to d<sign institutions capable of
, achieving intergenerational equity.

4 ISSUE OF INCENTIVE-COMPATIBLE
INSTITUTIONAL DESIGN

5 AN UNCERTAIN FUTU1_E
A third area in which know_edge needs to be

advanced is the design and implementation of In closing, I would like to emphasize how far we
institutions that are capable of internalizing (within are from being able to design either an adequate
individual households, private firms, and public technological or an adequate institutional response
organizations) the costs of actions that generete the to the issue of how to achieve sustainable growth.
negat.ive spil]over effects (i.e., the residuals) that At present, there is no package of technology that
are the source of environmental stress. Under can ensure the sustainability of growth in
present institutional arrangements, important production at a rate to meet the demands that are
elements of the physical and social environment being placed on either developed or developing
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countries. Sustainability is appropriately viewed as rather than reinvesting to sustain the flow of
a re,arch agenda rather than as a guide to practice resource benefits. Furthermore, high rates of
(Ruttan 1988; G_'aham-Tomasi 1991). resource exploitation can be consistent with either

high or low interest rates. In the case of forest
At present, the sustainability community has exploitation, for example, a |ew discount _-atefavors

not been able to advance a program of institutional letting trees grow longer and planting tree_ that
innovation or reform that can provide a credible take longer to grow. On the other hand, a low
guide to the organization of sustainable societies, discount rate will make it profitable to invest in
We have yet to design the institutions that can mineral exploitation, ]and and water development,
ensure intergenerationai equity. Few would or other investment projects that might otherwise
challenge the af_sertion that future generations have be unprofitable. That is why, in the past, resource
rights to levels of sustenance and amenities that are economists and environmentalists have argued in
at least equal to those enjoyed (or suffered) by the favor of higher interest rates on public water
present generation. They also should expect to resource projects (Norgaard 1991; Price 1991;
inherit improvements In institutional capita_ Graham-Tomasi 1991). As an alternative to lower
(including scientific and cultural knowledge) needed discount rates, Mikesell (1991) suggests taking
to design more productive and healthy resource depletion into account in project benefit-
environments, cost analysis.

My conclusion w_th respect to institutional 2. The concept of incentive compatibility was
design is similar to that which I have advanced in introduced in a 1972 paper by Hurwicz (1972).
the case of technology. Economists and other social In that paper, he showed that it was not
scientists have made a good deal of progress in possible to specify an informationally
contributing the analysis needed for "course decentralized mechanism fbr resource allocation
correction." But capacity to contribute to that simultane._'usly generates efficient resource
institutional design and implementation remains allocation and incentiv_s for consumers to
limited. The fact that the problem of designing and honestly reveal their tr ue preferences. For the
implementing incentive-compativle institutions current state of knowledge in this area, see
(institutions capable of achieving compatibility Groves, Radner, and Roiter (1987).
between individual, organizational, and social
objectives) has not been solved at even the most
abstract theoretical level means that institutional 7 REFERENCES
design proceeds in an ad hoe trial-and-error basis
and that the errors continue to be expensive. Batie, Sandra, 1989, 8ustainabie Development:
Institutional innovation and reform should Challenges to the Profession of Agricultural
represent a high-priority research agenda. Economics, American Journal of Agricultural

Economics, pp. 1085-1101, Dec.

6 END NOTES Daly, Herman E., 1991, From Empty World
Economics to Full World Economics: Recognizing

1. The question of the impact of the use of a an Historgcal Turning Point in Economic
positive discount (or interest) rate on resource Development, Environmental Working Paper No. 46,
exploitation decisions is somewhat more complex pp. 18-26, in Environmentally Sustainable Economic
than often implied in the sustainability Development: Building on Bruntland, Robert
literature. Simply lowering the discount rate to Goodland, Herman Daly, and Salah E1 Seraly
favor the natural resource sector will not ensure (editors), World Bank, Washington, D.C., July.
slower exploitation of natural resources if the
market rate of interest remains high. Goeller, H.E., and Alxdn M. Weinberg, 1976, The
Recipients of the lower interest rates may Age of Substitutability, Science, I91:683-689,
transfer the revenue from resource exploitation Feb. 20.
to investments that have higher rates of return

I10



-- --_-"" " _'=='_ General Technical Comments on Climate Change

Graham-Tomasi, Theodore, 1991, Sustainability: Norgaard, Richard B., 1991, Sustainability as
Concepts and Implications for Agricultural Research Intergenerational Equity: The Challenge to
Policy, pp. 81-102, in Agricultural Research Policy: Economic Thought and Practice, World Bank, Office
International Quantitative Perspectives, Philip G. of file Chief Economist, Asia Region, Washington,
Pardey, Johannes Roseboom, and Jack R. Anderson, D.C., May 22.
Cambridge University Press.

Pearce, David W., Edward Barbier, and Anii
Groves, Theodore, Roy Radner, and Stanley Reiter Makrandaya, 1990, Sustainable Development:
(editors), 1987, Information, Incentives, and Economics and Environment in the Third World,
Economic Mechanisms, University of Minnesota Gower Pub|ishing Company, Brookfieid_ Vt., pp. 23-
Press, Mimleapolis, Minn. 56.

Hurwicz, Leonid, 1972, On Informationally Price, Colin, 1991, Do High Discount Rates Destroy
Decentralized Systems, pp. 297-3_3, in Decision and Tropical Forests?, American Journal of Agricultural
Organization, C.B. M©Guire and Roy Radner Economics, 42:77-85, Jan.
(editors), North Holland Publishing Co.,
Amsterdam, the Netherlands. Ruttan, Vernon W., 1971, Technology and the

Environment, American Journal of Agricultural
James, D.E., P. Nijkamp, and J.B. Opschoor, 1989, Economics, 53:707-717, Dec.
Ecological Sustainability in Economic Development,
pp. 27-48 in Economy and Ecology: Toward Ruttan, Vernon W., 1988, Sustainability Is Not
Sustainable Development, F. Archibugi and P. Enough, American Journal of Alternative
Nijkamp (editors), Dordrecht, the Netherlands. Agriculture, 3:128-130, spring/summer.

Lipton, Michael, 1991, Accelerated Resource Solow, Robert M., 1974, The Economics of Resources
Degradation by Third World Agriculture: Created or the Resources of Economics, American Economic
in the Commons, in the West, or in Bed, paper Review, 64:1-14, May.
presented at Seminar on Agricultural Sustainabiiity
and Poverty Alleviation: Issues and Polices, held in Solow, Robert M., 1991, Sustainability: Economists
Feldafing, Germany, on Sept. 23-27. Perspective, J. Seeward Johnson Lecture, Woods

Hole Oceanographic Institution, Marine Policy
Mikesell, Raymond F., 1991, Project Evaluation and Center, Woods Hole, Mass., June 14.
Sustainable Development, Environmental Working
Paper No. 46, pp. 54-60, in Environmentally
Sustainable Economic Development: Building on
Bruntland, Robert Goodland, Herman Daly, and
Salah E1 Seraty (editors), World Bank, Washington,
D.C., July.

II1



Comment 5:
Agricultural Response to Climate Change

Professor Vernon W. Ruttan
Department of Agriculture and Applied Economics

University of Minnesota
St. Paul, Minnesota

1 DISCUSSION pervasive impact on the adoption of technical
innovations by farmers, on the supply of the

The complex interrelationship between global industrial inputs in which technology is embodied,
climate change and agricultural production will and on the direction of research efforts by
become one of the most significant policy issues, in agricultural scientist_ ._,d tec]_nologists in both
both developed and developing countries, in the first public- and private-sector institutions. This induced
decades of the 21st century. Global and regional behavior must be more explicitly built into the
climate change will modi_, both agricultural interactive models if we are tc, build more credible
production capacity and its location. And the models to estimate the impacts of climate change.
intensity of agricultural production will contribute
to environmental change at both the regional and The fact that the agricultvLra] research system
global levels, has in the past been reasonably successful, at least

in the presently developed countries, in responding
The best single source currently available for to growth in demand and to changes in resource

evaluating the impact of climate change on endowments cannot, of course, be taken as
agriculture is the recent book by Martin L. Parry, as _urance that it will be able to do so in the future. 4
Climate Change and World Agriculture. 1 Parry Its cal_acity to do so will depend both on the rate of
notes that two major types of adjustments tony be climate change and on the level of investment in
anticipated at the farm and the regional level, agricultural research. We now have in piace an
These are changes in land use and changes in farm effective system of international agricultural
management. 2 But there is almost no discussion by research centers (IARCs) funded by a donor_
Parry, or in the climate change literature more consortium, the Consultative Group for
generally, of the capacity of the agricultural International Agricultural Research (CGIAR). In
research system to "invent around" the new spite of the high rates of return generated by the
temperature and rainfall regimes associated with CGIAR institute, there were, beginning in the mid
global warming. Yet the historical record suggests 1980s, growing signs of "aid-weariness" on the part
that modest investments in agricultural research of the donor countries. A more serious concern,
have enabled societies characterized by vastly however, is the limited national agricultural
different resource endowments to achieve relatively research capacity in the poore,st developing
rapid growth in agricultural production. In our countries. 5 Even Brazil, which was remarkably
book Agricultural Development and in other successful in strengthening it.,_national agricultural
writings, Yujiro Hayami and I have developed and research capacity in the 1970,%has experienced
tested, against the experience of both developed and substantial erosion of that capacity since the mid
developing countries, an "induced technical change" 1980s. And biological technology, needed to make
model, in which the direction of technical change is the location- specific technical changes needed to
induced by changes in relative resource adapt to climate change, will not be available.
endowments, s Countries with comparable levels of
land per worker have been able to achieve widely The capacity of agricultural research systems,
different levels of output per hectare and per worker even in the most highly devel,_ped coLmtries, to
(Figure 1). lt is clear that changes in relative respond to the effects of global warming will depend
resource endowments have, in the past, had a on the rate at which climate chm'lge occurs. We are
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on the edge of a transition from an older Mendelian- Several conclusions are particularly relevant to
based biological technology to a new molecular- the issue of global warming. 6
based biological technology. At a conference held at
the University of Minnesota in July of 1989, a group • Advances in conventional technology will
of leading agricultural scientists attempted to assess remain the primary source of growth _n crop
relative contributions of the "old" and "new" and animal production over the next quarter
biotechnology to agricultural production over the century. Almost all increases in agricultural
next several decades, production in the future must come from
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further intensification of agricultural private-sector resources into agricultural
production on land that is presently devoted research. Within the public ,sector, research
to crop and livestock production. Until well organizations will have to move increasingly
into the second decade of the next century, from a "littie science" to a "big science" mode
the necessary gains in crop and animal of organization. The capacity of national arid
productivity will continue to be generated by international agricultural research systems
improvements resulting from conventional to successfully negotiate the transition from
plant and animal breeding and from more the old to the new biological technology will
intensive and efficient use of technical inputs be of critical importance in determining the
including chemical fertilizers, pest control impact of climate change on agricultural
chemicals, and higher-quality animal feeds, production as we move beyond the first

quarter of the next century.
* Advances in conventional technology will,

however, be inadequate to sustain the
demands that will be placed on agriculture as 2 END NOTES
we move into tie second decade of the next
century and beyond. Advances in crop yields, 1. Parry, M.L., 1991, Climate Change and World
particularly in wheat and rice, have largely Agriculture, Earthscan Publications, kLondon,
accrued as a result of efforts by plant United Kingdom, in association with t_he
breeders to (1) change plant architecture to International Institute for Applied Systems
facilitate increases in plant populations per Analysis and the United Nations Environmental
hectare and (2) increase the ratio of grain to Program, 1990. See also the review by
straw rather than to increase total dry V.W. Ruttan in Environment, 33:25.29,
matter production. Advances in animal feed July/Aug., 1991.
efficiency have come about through
decreasing the proportion of feed consumed 2. Parry, M.L., Climate Change, p. 119.
that is devoted to animal maintenance and
increasing the proportion used to produce 3. Yujiro Hayami and V.W. Ruttan, Agricultural
usable animal products. There are severe Development: An International Perspective, 'l_e
physiological constraints to continued Johns Hopkins University Press, Baltimore,
improvement along these conventional paths. Md., 1st ed. 1971, 2nd ed. 1985; also V.W.
These constraint_ are most severe in those Ruttan, 1971, Technology atwl the Environment,
areas that have already achieved the highest American Journal of Agricultural Economics,
levels of productivity -- areas in western 53:707-717, Dec.
Europe, North America, and parts of eastern
Asia. 4. There is now a large body of research

documenting the underinvestment in agricul-
. Advances in basic science, particularly in tural research in both developed and developing

molecular biology and biochemistry, are countries. The high annual rates of return that
opening new possibilities for supplementing are documented in these studies, which typically
traditional sources of plant and animal range from 30% upward to 100%, are an indica-
productivity growth. The possibilities range rien of underinvestment. See V.W. Ruttan, 1982,
from the transfer of growth hormones int_ Agricultural Research Policy, University of
fish to conversion of lignocellulose into edible Minnesota Press, Minneapolis, Minn., pp. 242-
plant and animal products. The realization 248. For a more recent corrpilation, see Ruben
of these possibilities will require a G. Echeverria, 1990, Assessing the Impact of
reorganization in the performance of agricul- Agricultural Research, Vol. II in Methods for
turalresearch.An increasingshareofthe DiagnosingResearchSystem Constraintsand
new knowledgegeneratedby researchwill AssessingtheImpactofAgriculturalResearch,
reachproducersintheform ofproprietary R.G.Echeverria(editor),InternationalService
productsorservices.Thismeans thatthe forNationalAgriculturalResearch(ISNAR),the
incentives exist _o draw substantially more Hague, the Netherlands.
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5. See PhilipG. Pardeyand JohannesRoseboom, 6. V.W. Ruttan(editor),1989,Biologicaland
1989, ISNAR Agricultural Research Indicator Technical Constraints on Crop and Animal
Series: A Global Data Base on National Productivity: Report on a Dialogue, Staff Paper
Agricultural Research Systems, Cambridge P89-45, University of Minnesota, Department of
University Press; Philip G. Pardey, Johannes Agricultural and Applied Economics, St. Paul,
Roseboom, and Jock R. Anderson (editors), 1991, Minn, Nov.
Agricultural Research Policy: International
Quantitative Perspectives, Cambridge University
Press, London, United Kingdom, forthcoming;
Johannes Roseboom and Philip G. Pardey, 1990,
Measuring the Development of National
Agricultural Research Systems, Staff Notes
9095, International Service for National
Agricultural Research (ISNAR), the Hague, the
Netherlands, Nov.
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Conference Program

FEBRUARY 11, 1992

6:00 - 8:00 Reception and Dinner

8:00- 1,0:30 Welcome
Joel Snow, Associate Vice President for Argonne National Laboratory, University of Chicago
Harvey Drucker, Associate Laboratory Director, Argonne National Laboratory

Keynote Address and Discussion

Where Are We Now? Where Are We Going?
John Eddy, University of Michigan

FEBRUARY 12, 1992

'9:00 - 12,'15 PLENARY SESSION h DISCUSSION OF BACKGI_OUND PAPERS

9:00 - 9:10 Opening Remarks
Harold Jacobson, University of Michigan (Chair)

9:10 - 10:05 Workshop in Economics

The Problem of Climate Change Benefit-Cost Analysis
Richard Kosobud, University of lllinois at Chicago
Discussant: Khairy Tourk, Illinois Institute of Technology

10:05 - 10:15 Break

10:15 - 11:10 Workshop in Adaptation and Mitigation Strategies

Approaching Global Warming: A Review of the Adaptation and Mitigation Perspectives
Peter Morrisette, Resources for the Future
Discussant: Rob Coppock, National Academy of Sciences

11:10- 11:20 Break

11:20 - 12:15 Workshop in Political Institutions

Institutional Analysis and Global Climate Change: Design Principles
for Robust International Regimes

Michael McGinnis and Elinor Ostrom, Indiana University
Discussant: Philip Schrodt, University of Kansas

12:30 - 2:00 J_unch

2:00 - 5:15 Small Workshop Groups

5:30- 7:30 Dinner
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FEBRUARY 13, 1992

9:00- 10:20 PLENARY SESSION II: REVIEW OF WORKSHOP DISCUSSIONS,
WITH EMPHASIS ON CROSS.CUTTING ISSUES

Joel Snow, Associate Vice P_sident for Argonne National Laboratory, University of Chicago

10:20 - 10:40 Coffee Break

10:40 - 12:00 Plenary Session II (continued)

1,2:15- 1:45 Lunch

1:45 - 3:15 Small Workshop Groups

3:15 - 3:30 Coffee Break

3:30 - 3:45 Closing Remarks and Adjournment
Harold Jacobson, University of Mwhigan (Chair)
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