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はじめに

新興工業国は､経済発展の初期段階から一般の公害対策に加えて地球規模での環境問題

への対応が迫られている｡この点で先進工業国が､当初主として局所的な環境問題(公害)

への対応することで経済成長を成し遂げてきた発展過程と大きく異なる｡先進工業国は経

済成長を成し遂げた後に地球規模の環境問題への対応が迫られるようになったことで､先

進工業国の側に､新興工業国が現在抱える環境･経済問題解決のための十分な理解がある

とは言えない状況にある｡経済成長とともに加速する新興工業国の環境問題解決のために

は､先進工業国は､環境汚染の内部化に成功したプロセスにおける政府･企業の役割(対

策)を明らかにし､新興工業国がとるべき環境対策の方向を示して行く必要がある｡

現代の新興工業国(中国およびアジアNIES)は､国際市場における工業製品の飽和を考

慮すれば､いっそう厳しい経済条件下で環境保護を進める必要にさらされている｡この現

実をふまえ､本研究は､新興工業国側の要請に基づき､環境政策がそのマクロ経済全般に

もたらす効果を明確にすることを試みたもので､経済成長の維持と地球規模での環境保全

を合わせた持続的経済成長のための政策立案に対し有効な情報提供を通して､新興工業国

が自らの環境対策を進めていくため指針の提供を目指してきた｡

この報告書は､大きく二つの部分からなっている｡第一部の｢EconomicDevelopment:

EnvironmentPerspective(経済発展:環境の視点)｣は､主としてこの研究に携わった研

究者の経済発展と環境保護にかかる研究成果をまとめたものである｡ここでは､2000年に

この科研プロジェクトの一環として開催した国際シンポジウム｢Environment,and Our

Sustainabilityinthe21stCentury:UnderstandingandCooperationbetweenDeveloped

and Developing Countries｣において報告いただいた中国国家環境保護総局司長(部長)

の彰近新氏およびシカゴ大学経済学部のジョージトーリイ教授の論文をプロシーディン

グスから再録させて頂いた｡

第二部の｢EconomicGrowth:RegionalPerspective(経済発展:地域の視点)｣は2000

年に寧夏大学と共催した『中国西部経済発展国際シンポジウム』において報告された論文

のうち地域開発の視点から経済発展を分析した研究を収録している｡地域開発の論文を同

時に収録したのは､環境問題の解決にはその地域それぞれの政府と民間の地道な取り組み

がわけても重要であると私が考えたことに他ならない｡発展途上国の環境問題を解決に導

く鍵が､地域の経済発展パターンの厳密に分析を通して得られる可能性が高い､〕

第二部にも､シカゴ大学経済学部のトーリイ教授が『中国西部経済発展国際シンポジウ

ム』に出された論文を収めさせていただいた二,この論文は､寧夏大学の呉教授や私が､シ

カゴ大学でトーリイ教授の主宰されている中国の西部開発に関する研究会のメンバーに加

えて頂いていたことから､このシンポジウムのために書いてくださったものである｡▲また､

名古屋大学大学院法学研究科の加藤久和教授､同経済学研究科の塚田弘志教授は､この科



研のメンバーではなかったが､それぞれご専門のお立場から中国の環境問題と地域開発に

資するためということで論文を用意してくださるとともに本報告書への掲載を快く了承し

てくださった｡

本報告書の構成にかかる諸に加えて､寧夏大学と『中国西部経済発展国際シンポジウム』

を共催するに至った経緯､この科研プロジェクトがもたらした思わぬ波及効果およびこの

報告書が英語で編集された理由について簡単に触れさせて頂きたい｡

現在の中国の重点政策である｢西部開発｣と｢環境保護｣の研究を進めるべく寧夏大学

西部発展研究センターが2001年10月に設立されたことから､寧夏大学副学長で同センタ

ー主任(当時 現寧夏省社会科学院院長)の呉海鷹教授からの強い研究協力要請があった｡

この要請に対し､研究分担者の大分大学の静進軍教授と相談の上､この科研プロジェクト

の最終報告会を寧夏大学の『中国西部経済発展国際シンポジウム』に併せて開催すること

にした｡中国の環境問題への貢献姿勢を明確できかつ我々の研究成果を公開できる絶好の

機会ととらえ､積極的な協力を行うこととなった｡もともと我々の研究は､先にも述べた

とおり､先進国の公害克服の経験を経済学的に明らかとすることで環境問題に直面してい

る新興工業国の環境政策に寄与することを目的としたものであることから､寧夏大学にお

いてこのような形で我々の研究成果を発表する機会が与えられたことは､誠にうれしいこ

とであった｡

この研究プロジェクトでは､2002年度に西安市､桂林市､南寧市､2003年度には寧夏省

で､政府の環境政策と企業の対応に関する質問票調査を実施した｡この調査では､国家環

境保護総局の彰近新司長および北京大学環境科学研究所の来股基教授の研究協力をお願

いし､突先生の大学院生をそれぞれの環境保護局に派遣してもらい､その院生が現地での

調査員の指導を行うという形で企業調査を進めることができた｡3人の北京大学の院生が

協力をしてくれた｡寧夏大学でのシンポジウムに突先生がこの3名の大学院生を伴ってい

らしたが､驚いたことにはこの院生たちが､集めたデータをもとに自分たちですでに企業

の環境対策に関する分析を始めており､その成果をシンポジウムで報告してくれた｡寧夏

大学の呉先生も､寧夏省での質問票調査のデータをもとにこの報告書の第7章に収録した

研究をまとめられていた｡

私は､この瞬間まで､中国において､研究者自らがデータを採りそれをもとにして自ら

が環境政策と企業の対応に関する分析を行い自らが政策提言を行うようになるには今しば

らくの時間がかかると考えていた｡このゆえに､｢公害先進国･環境先進国｣の日本が主

導する形で､中国の環境をテーマとする研究プロジェクトを進めた｡ところが､研究成果

の公刊においても､寧夏大学の呉教授に先を越されてしまうといううれしい誤算が生じた｡

我々の研究チームの報告を含む『中国西部経済発展国際シンポジウム』での報告論文は､

中国語に翻訳され《中国西部経済発展理論と実証研究》として一足先に中国経済出版社か

ら出版されたr.
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出版の計画段階から､この科研プロジェクトに対して研究協力をしてくださった多くの

方々､さらにはこの科研の研究分担者や研究協力者から､一連の研究成果を英語版として

編集してほしいとの希望が出されていた｡特に､中国の研究者に､この要望が強かった｡

この要請に応えるべく､また我々の研究のいっそうの国際化を図るという目的を兼ね､こ

の報告書は英語で編集することとなった｡本報告吾が､表紙と前書きを除き､英語版とな

ったのはこの事情による｡

この文部科学省科学研究費補助金『環境関連財政支出および企業の環境対策によるマク

ロ的経済効果に関する日中比較研究』を終えるにあたり､このプロジェクトに対しさまざ

ま形でご助力をくださった方々に対して､研究チームを代表しお礼を申し上げたい｡わけ

ても､名古屋大学名誉教授飯田経夫先生､中国国家環境保護総局司長彰 近新氏､シカゴ

大学経済学部名誉教授ジョージ･トーリイ氏､韓国エネルギー経済研究所所長李相馬昆氏､

中国寧夏省社会科学院院長呉海鷹氏からはなにものにも代え難い貴重なご助言と多くの

支援を受けた｡この方々のご理解なしにはこの研究プロジェクトはけっして成立しなかっ

たといっても過言ではない｡

最後に､名古屋大学経済学研究科事務局の効率的にしてかつ心のこもった研究サポート

に対して感謝の意を表したい｡事務長の鈴木宏治氏(ご退官)､同古田牧夫氏､庶務掛長

の中山聖英氏､会計掛長の小林雪子氏(ご退官)､同林光治氏､会計掛主任の伊藤誠氏､

会計掛事務官大場亮氏､同小椋友明氏ほか大勢の方々の研究支援に対し感謝申し上げたい｡

研究チームを代表して

名古屋大学大学院経済学研究科助教授 荒山裕行
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Chapterl

EnvironmentalIssuesinNewlyIndustrializingEconomies:

AViewfromNorthAmerica'

GeorgeS.TOLLEY†

1.Introduction

Whileone'sviewofenvironmentalissuesinnewlyindustrializingcountriesisinmany

WaySthe same regardlessofthe observer'scountry oforigin,COnSideringnuancesof

thinking about the environment that difhr among countries can be usefu1.In

addressingthistask,thepresentpaperconsidersenvironmentalissuesintwoparts.

First,issuesare consideredthatareinternaltoeachcountry,meaningthat

COnCerniswithenvironmentale鮎ctsthatextendonlytocitizensofasinglecountry.In

these situations,eXternalities do notextend acrosscountryboundaries.Much ofthe

COnCernintJhispartofthepaperiswit,hdi脆rencesinhowcountrieschoosetodealwit,h

theirinternalenvironmentalproblems.Countries diffbrfor avarietyofreasonsthat

mayleadtodif粘rencesintheiractionstowardtheenvironment.Weconsiderreasons

Why countries may di鮎rin their choice of environmentalactions,helping to

understandinternationaldifhrences.Wethen considerimplications ofthe払ct that

more high1ydevelopedcountrieshave experiencet,hatcanease theburdensfacedby

newlyindustrialized countriesin dealing with the environment.Tbchnologiesthat

reduce emissions have been developed that reduce costs.These technologies,if

transferred,Can make dealing withthe environment by the newlyindustrializing

COuntrieslesscostlythanitinitially wasin the more developedcountries.Ⅵねysfor

fostering this transfer are discussed.The developed countries have conducted

institutionalexperimentation,SuCh as substituting tradable emission rights for

COmmandandcontroIstrategiesinsomecases.Theseareprovingsuccessfu1inreduclng

COStSOfdealingwithenvironmentalproblems.Aswithtechnologytransfer,adoptionof

these newerinstitutionalapproaches,if fostered,Can be of bene丘t to newly

industrializedcountries.The.丘naltopicinconsideringinternalenvironmentalproblems

*charlieParekhandCraigKoernergaVeinvaluableresearchandanalyticalassistance･

†George･S･TOLLY,ProfessorEmeritus,DepartmentofEconomics,UmiversityofChicago
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ofcountrieshasto do withindirecteffbctsbetweencountries.We discusstJhe hctthat

difhrencesinthewaycountriesdealwiththeirinternalenvironmentalproblemsmay

affbct competitivenessininternationaltrade.We considertheimplications of t,his

phenomenonforworldwelfare.

The second part of the paper deals with environmentalexternalities that

extendacrosscountryboundaries,Particularlyexternalitieswithglobalconsequences.

WeconsiderecologlCale鮎ctsgenerallyandglobalwarmingmorespecincally.Allthese

phenomenainvoIvelong-termunCertaine鮎cts.Thebasicproblemofwhattodoabout

SuChphenomenaisdiscussed.Aseven-POintframeworkispresentedfordealingwith

these phenomena.Dimcultiesin valuation of efkcts,prObabilistic considerations,

discountinginanintergenerationalcontextandirreversibilitiesngureinthediscussion.

Superimposedontheproblemofhowtodealwithsuchphenomenaaredistributional

andpoliticalconsiderations,includingproblemsofachievinginternationalcooperation.

2.Di脆rencesAmongbuntriesinDealingWiththeEnvironment

A.TheInvertedURevisited

MuchattentionhasbeenglVentOthetendencyforpollutiontoincreaseinthe

early stages of economic development and then to hllas development progresses

further.AninvertedUshapeisobtainedwhenpollutionisplotJtedagainsttimeorwhen

pollutionin a cross section ofcountriesisplotted againstcountry realincome.The

major explanation
hasbeen thatincreasesin production,including product/ion from

PO11utingindustries,raisepollutionintheearlystagesofeconomicdevelopment,While

pollutionisloweredinthelaterstagesofdevelopmentduetocontrole放)rtSaSrising

incomesleadtogreaterdemandforenvironmentalquality.Averylargeliteraturehas

beendevotedtotheinvertedUphenomenon,aSreViewedbySeldenandSong(1994).

Meanwhile,numerOuSStudieshaveinvestigatedinfluencesotherthanincome

Ondi鮎rencesinbehaviortowardpo11utionamongnations.The additionalinfluences

makeupalengthylistandincludeeducation,PrOPertyrights,natureOfthepolitical

SyStemandeconomicopenness.Fororiginalworkontheseadditionalinfluencesanda

reviewofpreviouswork,SeeCourseyandHartwell(2000).Ofrelevancetothepresent

PaPer,YbonaeJo(1999)丘nds that high schooleducation reduces conventionalair

pollutionbutnotgreenhousegasemi$Sions.Sheattributesthisresulttot,he払ctthat

thedamagesfromgreenhousegaseshllimportantlyonnationsotherthanthepo11uting

nation,COnStit,utinganexternalitytowhichanationhaslimitedincentivetorespond.

-10-



B･Role ofBene丘ts and Costsin Explaining Country Di鮎rencesinEnvironmental

Policies

TheinvertedUliterature andthe otherliterature discussedabove dealwit/h

diffbrencesinaggregativemeasuresofenvironmentalquality･Onewayofviewingthis

literatureist′OSuggeStthatitattemptstoexplainhowthedemandforenvironmental

qualityvariesamongcountries.

Forexample,Withregardtoe恥ctsofincome,themostcommonint′erpretation

isthattheincomeelasticityofdemandforenvironmentalqualityislowatearlystages

Ofdevelopmentandbecomeshighatlaterstages･Underlyingthisinterpretationisthe

ideathatacountryatalowerlevelofincomemaydecidethatthe sacrinceofother

Priorities that would be necessary tD reaCh the environmentalqualitylevels ofthe

highestincomecountriesisnotjusti丘ed.Environmentalbudgetsandcostsofexpensive

regulationsofthehighestincomecountriesiffo1lowedinlowerincomecountrieswould

requiregivingupagamutofurgentneedsranglngfrombasicpublicprogramsonthe

governmentSidetoprivategoodsgivenupsuchasfoodwhenconsumerspaythecostsof

taxationtopayforenvironmentalprogramsorhighercostsofgoodswhosepricesare

raisedbycompliancewithregulations.

For aesthetic,eCOlogicaland other e鮎cts whose benents are subjective or

extremelydinculttoverifyinthepresentstateofscientincknowledge,thisexplanation

maysuffice,thoughitwouldbehelpfu1toundertakemoresurveysofopinioninvarious

COuntriestogalnquantitativeinsightsonthestrengthofthee鮎cts.

Ontheotherhand,muChifnotmostoftheimpetustoenvironmentalpolicies

COmeSfrom scienti丘_Ca11y veri丘able e鮎cts of pollution.Theseinclude diseases and

SymPtDmSCauSedbypo11ution.Agreatdealofmountingevidencelinkspo11utionto

increasedmortalityandmorbidity.Whyspecinca11y,aremOreVOCin)rOuSaCtionstaken

towardthesescienti丘callyveri丘ableeftbctsinhighincomecountriesthanlowerincome

COuntries?Consideration ofthis question canfurther our understanding of,and

attitudestoward,COuntrydifLbrencesinenvironmentalpoliciesandcanbeofhelpin

adapting evaluation techniques to situationsin countries whose experience with

environmentalcontroIsislimited.

The question ofwhether to undertake a policy that willreduce mortality

involvesdecidinghowmanyresourcestodevotetoreduclnglilb-threateningriskstoa

POPulation･Asanexample,a.pOlicymayreducetheriskofmortalitybytwohundredths

Ofonepercent,Whichisasignincantamountforasinglepolicy.Thedeathrateinthe

absence of the policyis,Say,100in ten thousandi･e･ten Per thousand or one
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PerCent=10-2perperson.Thedeathratewillbeloweredby.020fthisamountorbytwo

in tenthousand,i.e.twoperthousand or.02percentper person.Asis wellknown,

evidenceonhowmuchpeoplearewi11ingtopayforsmallchangesintheprobabilityof

survivalcanbeobtainedfrompremiumspeopledemandtoworkinriskyasopposedto

safeoccupations and by governmentalexpenditures onlifesaving activities such as

improving road and丘.re safety,tO name SOme Ofthe sources that have been used･

Supposethat,the sourcesiDdicate a willingnesstopay$48per year toincreasethe

probabilityofsurvivalbyoneintenthousand.Thenthewillingnesstopayforthepolicy

thatreduces theincidence ofmortality by twoin ten thousand,eXpreSSed on a per

personbasis,is$960rtWicethewi11ingnesstopayforaoneinthousandreduction.If

the policybeingconsideredpertains topo11utionreductionsfor a city often million

people,thenthe est,imate ofthe willingnesstopayis ten million times$960r$960

million.

Another wayofarrivlngattheresultistonote thatthelives savedwillbe

2xl■0,50r.000020fthe population often mi11ion or2xlO.5xlOxlO6which equals200,

whichis to say that there wi11be a saving of2001ives.One can divide the$48

Wi11ingnesstopayforaoneintenthousandorlO-5increaseinprobabilityofsurvivalby

thelO~5probabilityincreasetoobtain$48/.00001whichequals$4.8milliondo11arsand

istheamountif,hypothetically,therewereanincreaseinone,Orfromzerotounity,1n

theprobabilityofsurvival.Thecalculationextendsthenumbers払rbeyondtherangeto

Which they actually apply since the exerciseis valid onlyfor smallchangesin

probability,nOttO aChange fromprobabilityofzeroofsurvival,Or Certaindeath,tO

unityprobabilityofsurvival,OrCertainsurvival.Thewillingnesst,Opayis$4.8mi11ion

foraunityincreasefromzerotooneinprobabilityofsurvivalifitwerevalidtoextend

thecalculationstosuchextremechangesinprobabilit,y,Whichitisnot.However,Since

realpoliciesinvoIve only very smallchangesin probabilities,the hypothetical

Willingnesstopayforaunitychangeinprobabilitycanbemultipliedbytheverysma11

Change probability,i.e.extremely smallfraction of unity,tO Obtain the estimate of

Wi11ingnesstopayforthepolicy.ThehypotheticalwillingnesstopayforaunltyChange

inprobabilityofsurvivaliscalledthevalueofastatisticallife.Multiplyingthevalueof

astatisticallife,Whichis$4.8millioninthisexample,bythechangeinprobabilitydue

tothepolicyof2Ⅹ10~5givesawillingnesstopayforthepolicyof$96expressedonaper

PerSOn basis.Multiplying by the ten million people whose probability ofsurvivalis

a鮎ctedbythepolicygiveswillingnesstopayforthepolicyof$960mi11ion.Thisisthe

SamereSultasarrivedatdealingentirelywithsmallprobabilitieswithouteverhaving

tousetheconceptofthevalueofastat,isticallilb.
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TheforegolngCOnSiderationsgoovergroundthatisfhmiliartoallwhohave

evenpassingacquaintance with the value oflifも1iterature.The considerationshave

beenrepeatedheretore-emPhasizethatevaluationofpoliciesaffbctingtheincidenceof

mortalityinvoIves no connotation of putting a dollar amount onthe value of an

identinedhumanlifb.Rather,the evaluationispartofrisk analysisthatisloglCa11y

requiredin deciding on any risky human action,given theinescapable necessity to

makechoicesthataffbctriskinaworldoflessthanperIbctcertainty.

Anargumentcanbemadethatitwouldbebettertoabandonthecalculation

methodinvolvingthevalueofastatisticallik.Itraisesabarriertoskepticsofobjective

evaluation,Whosay,andinsomesenserightlyso,thathumanlifbispricelessandwho

viewtheevaluationofmortalityriskreductionasrepugnantlyputtingadollarvalueon

humanlilb.Itgivesfoddertowritersofnewspapereditorialsandotherswhopublicize

thesupernciallyrepugnantideaofputtingadollarvalueonahumanbeingtslife,rather

than recognizlngthat nothing moreisinvoIved thanthe essentials of analyzing

inevitableriskshcedbylargegroupsofpeople,nOneOfwhomisidenti丘▼edindividua11y.

Amajorpointforthepresentpaperisthatthewillingnesstopayforsmall

changesinsurvivalprobabilities,Whichaswehavejustnotedisoftenexpressedasthe

valueofastatisticallih,Variesaccordingtoincomelevelofacountry.Inthisregard,

considerfurthertheexampleofthevalueofastatisticallitbof$4.8million,Whichisa

valuethathasbeenusedbytheEnvironmentalProtectionAgencyoftheUnitedStates.

Supposethe yearly earnings ofanindividualare$24,000,Which capitalized at an

interestrateoflOpercentperannumoveralifetimegivesapresentvalueofforegone

earnings on the order of $2.4million,Whichisonlyhalfthe$4.8million value of

statistica11ifebasedonwillingnesstopayandisreasonable.Asiswellknown,thevalue

oflifecanbe expectedto substantiallyexceedvalue offoregone earningsdue tothe

decreasingmarginalvalueofconsumption,reflectingasurplusutilityfromlivingover

and above consumption made possible by earnings,due to the払ctthatpeople care

aboutthingsotherthanjusttheamountofgoodsandservicestheyconsume･Inthis

example,thevalueofastatisticallifeistwicethepresentvalueofforegoneearnings.If

thissameratioappliestoacountrywithone-thirdthepercapitaincomeofthatinthe

UnitedStates,Whichisstillarelativelyhighincomebyworldstandards,thevalueofa

statisticalliIbinthecountrywouldbe$1.6millioncomparedtothe$4.8millionforthe

United States.A subject
deservingfurtherinvestigationis whetherthe value ofa

statisticallifevarieslessthaninproportiontoincome due tolesservariationinthe

thingsthatpeoplecareaboutotherthangoodsandservices･
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Theforegoingexampleis払rthevaluationofincreasesinmortalitycausedby

pollution.Similarcomparisonscouldbe madeformorbidityi.e.non-ht,alillness.The

valuation of non-fatalillnessesinvoIves medicalcosts,timelostJ丘om work and

Willingnesstopaytoavoidpainandsuffbring.Whilemostattentiontlraditionallyhas

been given to mortality,muCh progressisbeingmadein valuing morbidity through

COntingent valuation and other techniques.For more on healthvalues,See Tblley,

KenkelandFabian(1994).Forageneraldiscussionofcontingentvaluationtechnique,

seeSmith(1999).

Aswithmortality,thevaluationofmorbiditycanbeexpectedtodiffbramong

COuntries.Anhypothesisisthat,Onnet,thevaluesattachedtoreductionsinnon･htal

i11nesses tend to vary positively withincome ofa country.M.IZukarnain Duki,in

dissertation work at Gunma University,hasinitiated studies on morbidity,With

COnSideration being given t8COntingent valuation surveysinIndonesia,Japan and

Cbina.

Justasthe willingnesstopayfor mortalityandmorbidityreductibnsvaries

amongcount,ries,SOdothecostsofenvironmentalpoliciesthatbringthemabout.Most

importantlylaborcostsvaryamongcountriesandarealmostinevitablylowerthelower

istheincomeofacountry.ReducedwillingnesstopayIbrlifesavingprogramsisthen

accompaniedbyreduced costofachievingthelifesaving,but notnecessarilyinthe

SameprOPOrtion.Environmentalmeasuresrequirecapitalinadditiontolabor,andthe

Skilledlaborrequiredfortheenvironmentalmeasuresmayberelativelymoreexpensive

inthelowerincomecountryduetoscarcityofskilledlaborthere.

These remarksindicate the need to adapt the analysIS Of environmental

measures to eachindividualcountry and bring home reasons why environmental

qualitychosenbyacountrymayvarywithlevelofincome.

Indealingwithcomparisonofthebenentsandcostsofenvironmentalactions,

thereis nointention to suggestthat a strictcomparison ofbene丘_tS and costsis or

Shouldbethesolebasisofdecisions.DistributionaleffbctsimpinglngOnParticularparts

Ofthepopulat,ion,Publicperceptionsaboutt,heenvironmentandpoliticalconsideratJions

are,amOngOthers,Wellknowninfluencesonenvironmentaldecisions.

Twopointsmaybemadeabout,theseinfluencesotherthanst,rictcomparisonof

beneG.ts and costs.Thefirstpointisthattheirexistencein no way means that the

quanti丘ablebenentsandcostsareirrelevanttopolicy.They simplymeanthatother

COnSiderationsmustbebroughttobeartofu11yunderstandenvironmentalpolicies.The

bene丘ts and costs stillremain among theinnuences.Environmentalactionsrequire

bearlngCOStS,tOWhichdecisionmakersmanaglngbudgetsandthebodypoliticatlarge
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are quite sensitive.Theincreasesinwellbeingfromenvironmentalactions,Whichis

Whatthebenentsare,remainanimportantconsiderationinjustifyingthebearingof

thecosts.Througha11thedistributional,perCePtionandpoliticalconsiderationswhich

makeforadeparturefromdecisionsbasedsolelyonthebenentsandcosts,PeOplewant

to know thatthe value ofwhatthey are getting from environmentalimprovement

justifiesglVlnguphardearnedincomevaluableinotheruses.Whilestrictcomparison

Ofmeasuredbenentsandcostsdoesnotsolelyguideenvironmentalpolicies,itremains

a powerfu1,Often unspoken,influence.Forfurther views on the role of economic

evaluationinapolicycontext,SeeStavins(forthcoming).

Bene丘tandcostconsiderationscouldhave agreaterweightindecisions.the

lowertheincomeofacountry.Asnoted,theurgencyofneedsfortheresourcesgivenup,

runningagamutfromfoodtobasicgovernmentalfunctions,isgreaterinlowerincome

COuntries.

A second point about the role of measured bene丘ts and costsisthatthe

distributional,PerCePtionandpoliticalconsiderationsvaryfromcountrytocountry.The

resultistogivegreaterorlesserweight,andindiffbrentways,tOthecomparisonof

bene丘ts and costsin di鮎rent countries.This point reinforces the contention that

environmentalpoliciescanbeexpectedtovaryfromcountrytocountry.

ThispointisreinforcedbynotinganadditionalreasonfordifEbrencesamong

countries that has receivedless attention than t,he diffbrencesin bene丘t,･COSt,

COmParisons andin the distributional,perCePtion and politicalconsiderations

mentionedsofar.Theaddit/ionalreasonisculturaldiffbrences,Or,teChnicallyspeaking,

difhrencesin tastes towardthe environment.CulturaldifEbrences are particularly

relevanttoaestheticfeaturesoftheenvironmentandtoefibctJSOnt,heenvironmentnot

quantinable,Or atleast not yet,quantined,in scientinc terms.Inthis connection,

Characteristics of areas and communities,including unique environmental

Characteristics,COntributetosenseofplacethatdiftbrsamongpeople.Senseofplaceis

beingincreasinglyrecognizedasimportanttosatishctionspeopleobtainfromlivingin

thatplace.SeeTblley,RudzitisandBaden(1999).WithintheUnitedStates,perhapsthe

mostseriousculturaldifEbrenceisbetweenNativeAmericanIndiansandthemajorityof

the population regarding basic attitudes toward nature.The conflictis notablein

disputes over respect shown to AmericanIndian religious sitesincluding burial

grounds.

Whileitisbeyond the scope ofthispaper to dealextensively withcultural

diffbrences,it may be notedthat whatis considered aesthetically desirablein the

environment undoubtedly varies among countries with diffbrent cultures.Many
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diffbrences coul(1be citedincluding greater emphasis glVen tO tranquility and

contemplationinEasternasopposedtoWesterncultures,pOSSiblyleadingtodiffbrent

Criteriaforenvironmentalpreservation.

Theaboveconsiderationsoflevelofcountryincome,distributional,perCePtion,

politicaland culturaldi鮎rences suggest that a one-Size-Bts-a11approach to the

environmentisnotappropriate.恥thecontrary,COuntrydiffbrencesaretobetolerated

and even encouraged as a matter of self-determination andlegitimate exercise of

SOVerelgnty.

Macro environmentalindicators have a placein policy discussions,bothin

COnSideringanation.sprogressovertime andinmakingcomparisonsamongnations･

Theadvancingstateoftheartinenvironmentalsustainabilityindexesisreflectedin

therecentreportbytheWorldEconomicForum(2000).Kang,Kim,andLee(1999)have

madeimportantcontributionsforKorea.

In addition to environmentalindicators,the possibility ofintegration ofthe

environmentintonationalincomeaccountsisreceivingseriousstudy.Theintegration

would allow
more accurate measurement ofa country-s overal11evelofwellbeing,

addingenvironmentale鮎ctstotheusualmeasuresofmarketoutput.Areportedited

byNordhausandKokkelenberg(1999)sponsoredbytheNationalResearchCouncilin

the United States analyzes the conceptualapproaches and empiricalneeds for

accomplishingintegration.While thereis agreementthatit would be premature to

undertakefu11integration at the present time,thefoundation has beenlaidfor

COntinuedpromisingworkleadingtocomparablenumbersonnationalincomeandthe

environment.

C.TransferofTbchnologiesforDealingwiththeEnvironment

The worldhasclearlynotstood stillindealingwiththeenvironment.Much

hasbeenlearned,particularlywithinthepastgenerationasmoreactiveenvironmental

POlicieshavebeeninstituted.Knowledgegainedfromthisexperiencehasspreadaround

theworld.Individualcountrycharacteristicsundoubtedlyhaveinfluencedthespread.

Intheirtimeseries,CrOSSSeCtionanalysisof130countriesfortheyears1960

through1992,CourseyandHartwell(2000)nndthattimetrendsareoneofthemost

POWerfu1variablesexplainingenvironmentalprogress.Thesetrendsarenxedeffbctsof

timeindicatingthattheyapplytoallcountries.Theyareoperativeinadditiontoincome

and the numerous otherindependent variablesin the analysis.Almost surely,the

negative time trends reflectin part discovery ofnew technicalmeansfor reducing
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environmentaldegradationintheformofpollutioncontroldevices,energyCOnSerVation

and,tO SOme eXtent,SWitches toless po11utingfuels.Many,ifnot most,Ofthese

discoveries have originatedin the higherincome countriesin response totheir

environmentalcontroIpolicies.The払ctthatthetimetrendshaveextendedpervasively

throughoutthe worldindicates that,throughtechnology transfer,lowerincome

countrieshavebenentedfromtheseadvances.

OneofthethirteenindicatorsanalyzedbyCourseyandHartwe11isemissions

ofthechiefgreenhousegas,Carbondioxide･Itsstrongnegativetimetrendisoneofthe

most signi丘cant time trendsfound.This nnding suggests that,throughtechnology

transfer,muChprogresshasalreadybeenmade throughoutthe worldincontrolling

greenhousegases.

Thetimetrend丘ndingsaresuggestiveoftheprominentrolethatcanbeplayed

bytechnologytransferinimprovingtheenvironment.Whatfacilitatessuchtechnology

transfer?Instructiveinthisregardistheperformanceof"openness"intheCourseyand

Hartwe11analysis,Whereopennessmeasures"whethercertainkindsofinstitutional

arrangements,rules oflaw,Or regulations are more orless conducive to economic

dynamism,teChnologicalinnovation,andbyextensionenvironmentalorpublichealth

improvement."Thenndingsarethatopennesshashighlysignincantefkctsinreducing

carbon dioxide emissions andin decreasing another
measure related to greenhouse

gases,namely,electricityusepercapita･Whileopennessreflectsseveralconsiderations,

its relation to technologicalinnovation
can occur throughseveralchannels･These

includegreatereconomiclinkageswithothercountriesasaresultoftradeandforeign

investment,aSWellasgenerallylessinhibitedtransferofknowledge･

AstudyoftheopeningofthepowersectorinChinatoforeigndirectinvestment,

as reported byAl1en Blackman(1998),throwslight on some of the speci丘cs of

technologytranshrinelectricityproductiona鮎ctingenvironmentaldamagesinternal

tothecountryaswellasgreenhousegasemissions.EnergyefficiencyinforelgnWholly

ownedorjointventurepowerplantsinChina,aSm占asuredbycoalconsumptionper

kilowatt hour ofelectricity generated,isfound to be substantially greater thanin

previouslyexistingplants･ThemaJOrCOntributortothegreaterenergyefficiencyisthe

useoftechnologicallyadvancedcombined-CyClegasturbinesandcirculatingfluidized

bedboilers.

It may be noted thatthese technologicaltransfers reduce greenhouse gas

emissions without directincentives toward these emissions as such.The reductions

occurbecauseitiseconomicallyefficienttoproducerstomakethereductions･Beyond

thistypeoftechnologytransfer,COuntriesthatdirectlytrytocontroltheenvironment
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throughenvironmentalmeasureshaveaninterestindoingsobearingaslittlecostas

possible.Indeed,theymayundertake the measuresiftheyhave sumcientlylowcost

andwillnotundertakethem ata11ifthecostishigh.Tbchnologytransferextendsto

measures aimed directly at reduclng emissions,both those thatlargely a鮎ct

environmentaldamageswithinacountry,SuChasparticulates,andthosethatafkctthe

worldatlarge,SuChascarbondioxide.Thecostandavailabilityofparticulardevices

andtechniquesforreduclngemissionsincountriesaroundtheworldhasundoubtedly

払11enbecausetheycanbeobtainedatprogressivelylowercost,throughpurchaseorby

COPyingothercountrieswheretheyoriginated.

Moreanalysisisclearlyneededoftheextenttowhichtechnologytransferis

reducingenvironmentalcontroIcosts,Oftheextenttowhichitislikelytooccurinthe

future,and of the means for fosteringit.The work by Profbssor Arayama on

environmentalcontroIcostsinChinaisanexampleofneededworkinthisarea.

D.TranSferofInstitutionalTbchniquesofContJOl

Inadditiontophysicaltechnologiesconsidered so hr,tranSferofknowledge

aboutinstitutionalapproachestocontrolisoccurringandcanincreasinglyoccurinthe

nlture.

鮎(ねムゐ助ふ血蹴由

TheexperienceoftheUnitedStateswithenvironmentalpolicieshasseenaprogression

throughuniversalcommand and controIs,Wherethe devices to be used
are
rigidly

decreedfromthe top,tO gradually moreflexible approaches,reaChingtheir greatest

degreeofflexibilityintradableemissionsrightswhichhavebeenintroducedforsome

POllution sources.With tradable emission rights,eaCh po11ution sourceis given an

emission quantitylimit,Whichit may either exercise or sellto someone else.An

advantageisthatthe丘rmengaginginthepollutingactivitycandecideshowtocomply,

Choosingbetween an arrayofalternative controldevicesorpossible outputorinput

Changes,inthis way helping to丘ndleast cost ways of complying which may be

Substantiallylessthancostsencounteredinusingaparticularuniformcontrolmethod

decreedfromthetDP.

Anrmthathastobearhighcostsofemissioncontrolhasitsprontsreduced

SubstantiallybythecontroIs,While otherthingsbeingequal,anrmWithlowcontroI

COStSdoesnothaveitsprofitsreducedasmuchbycontroIs.ThefirmwithlowcontroI

COStSWOuldbewillingtopayarelativelyhighpricefortherighttoadditionalemissions】
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Whichwouldbeequaltothenetprofit′Ont･headditionalproductionmadepossiblebythe

emissions.The amountper unitofemissions thatthe firm withlow controIcostsis

Willingtopayisgreaterthanthepro丘.tbeingmadefromaunitofemissionsbythenrm

WithhighcontroIcosts.ThenrmwithhighcontroIcostswillgainfromacceptingthe

Offbrofthelowcostnrm,makingmoreonthesaleofitISemissionrightsthanislostby

givlng up the production made possible by the emission rightsitis giving up.The

Situation glVeS anincentive for a trade between the two丘rms.In the process,

productionmovestotheplacewherecostsofcomplianceareleast,reducingtheoverall

costsofenvironmentalcontroIs.

An advantage ofthe emission tradinglもatureisthatitallowsproductionto

migrate toplaceswherecontroIcostsarelow,thushelpingtJOreduce thecostsofan

environmentalcontroIprogram.Arelatedadvantageofthe approachisthatallowing

flexibilityin how to
controlemissionsgivesincentives

to develop newless costly

technologiesforcompliance,SOthatcontroIcostswilltendtogodownovertime.

Learning about emissions tradingis stilltaking place.Indeed,emissions

tradinglSStillinitsin払ncy.Thetraditionalcommandandcontrolapproachsti11reigns

formanyifnotmost,POllutionsources.Furtheradvancescanbeexpectedastradingis

extendedandmoreexperienceisacquired,thatwillbeofusetocountriesinthefuture

Who come to controIslater thanis now occurringln the highestincome countries.

CountriescomingtocontroIslaterwi11nothavetogothroughasmuchlearning.

Important,aSisthepromiseoftradableemissionrights,theyshouldnotbethe

exclusivefocus.Itiseasytoover･eStimatethecostreductionstheycanachieve.This

OCCurSifitisassumedthatthegainswillfu11yexploitthedi鮎rencesbetweenhighand

lowcontroIcostssources.Problemsofmeasurlngemissions,geOgraphicaldi脆rencesin

COntributions of sources to po11ution damages,SpeCi丘cation of time duration,

enforcementcostsanduncertaintiesaboutemissionsrightsareamongthereasonsfor

slippage from theoreticalmaximum cost savings.See Tietenberg(1985)and Tblley,

Wentz,Hinton,and Edwards(1993).Dealing withthese problems and trying to

minimizethem should,and undoubtedly will,reCeive attention as experience with

tradable emissions rights accumulatesinthe countries where they are now being

introduced.Thereispromiseofextendingtheirusetoadditionalpollutants.

月k血芳≠ァ乃rp〟`娩エ〝∂ノA日吉α】以年F

Beyondtradableemissionsrightsasaninstitutionalapproach,thehistoryof

COntrOIs has generallyfeatured moves toward greaterflexibility,aCting to reduce

COntrOIswheretheyarelessneededandreducingthecostsofachievingagivenamount
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of control.In the
United Sates,enVironmentalstandards are set by the national

government,butthebasicapproachistoa1loweachofthe50statestodeterminehow

controIsaretobe usedtoachievethe standards.Eachstate払rmulatesitsownState

Implementation Plan･The approach allows di鮎rencesincosts ofcontrolmeasures

betweenstatestobetakenintoaccount,reducingthecostsandonerousnessofcontroIs

overwhattheywouldbeifarigidcommandandcontrolapproachemanatedfrom

Washington,DC･Furtherflexibilityisintroducedinthedistinctionbetweenso-Ca11ed

attainmentandnon-attainmentareas.Forexample,inthecaseoflocalozonea鮎cting

healthmoreseverelyinsomeareasthanothers!StrictercontroIsaremandatedforthe

SeVere areaS.

助ふ血乃geβ

Anotherquestioniswhethertouseapriceversusquantityapproach,thatis,Whetherto

price emissions throughemission taxes versus establishing quantity controIs with

settingemissionslimitsandallowingtradeinemissions･TheUnitedStateshas払vored

thelatter,Whereitiscalled一一capandtrade"andisessentia11ytheclassicalemissions

trading solution･Not allcountries wi11necessarily choose this path･The prlCe Or

emissionstax approachremains apossible option･Emissionstaxesare oftencalled

Pigovian taxes becausetheideais associated with the nineteenth century British

economistA.C.Pigou,Whowasoneoftheearliestseriousanalystsofenvironmental

problems.The approachhasitsprosandcons･Thesehavenotyetbeenfu11yaired,

partlybecausepractical,aSOPpOSedtotheoretical,COnCernWithemissionstaxesisfhirly

recent.TheprosandconswilltakeondiflbrentweightsindifEbrentcountries･

Emissiontaxessharewithtradableemissionrightstheadvantagesofallowing

nrmsto丘ndleastcostwaysofcomplyingandofencouragingthedevelopmentofless

costlytechnologiestobeusedincomplying.Beyondthesesimilaritiesarediffbrences･

Anadvantage ofemissions taxesis thatthey can be equated directly to pollution

damages.TheidealPigoviantaxisonethatequatesthetaxtothemarglnalpollution

damagescausedbyanextrapoundofpollutant･Anemissiontaxcangetdirectlytothe

linkbetweencontroIsandthebene丘tsofcontroIs,WhichemissionquantitycontroIsdo

not.Itisa11tooeasytosetemissionsquantitylimitsandproceedwiththemessentia11y

nxedfora11time!nOtqueStioningwhattherealreasonforthemis.Anemissiontaxcalls

attentiontothereasonforcontroIsandallowsthemtovaryfromplacetoplaceand,

evenmore!tOVaryOVertimeaspollutiondamageschange･Aprovisoisthatemission

taxesactuallybesettotrytoapproximatedamages.Atleasttwoproblemswithdoingso

maybenoted.First,taXeSareSOmetimesfavoredbyactivistswhoseethemaswaysto
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punish polluters,leading to attempts to setthe taxes too high with a view to a

punishmentgoalratherthanatrueenvironmentalgoal.Second,itcanbedi仇cultto

estimate marginaldamages accurately.The same can be said of the
dinculty of

estimatingthe optimum amount ofemission quantity controIs,Whenthe quantity

approachisfollowed,andindeeditisprobably easierfor quantitycontroIsto stray

払rtherfromtheoptimumthanitisforemissionstaxestodoso.Nevertheless,taXed

entitiesmayobjecttopaymentsbasedonlessthanexactestimatesofwhatthetaxesare

for.Meanwhile,forthosewhotendtohvorenvironmentalcontroIsgenera11ywithout

serious consideration of what they achieve,the divorce of quantity controIsfrom

necessitytofaceuptotheirbenentsisseenasanadvantageofquantitycontroIs･Then

therearethosewhoseethecurbingofanyrevenuesofgovernmentasbeingdesirableto

limitwhattheyviewaswastefu1andunneededgovernmentprogramsofmanykindsfor

whichthey鈷arthetaxrevenueswouldbeused.Theyfbarthatpollutiontaxrevenues

willincreasetheco脆rsofgovernmentandleadtoundesiredexpansionofgovernment･

Politically,forcesfrom a number ofdi鮎rent quarters can become arrayed against

emissions taxes.The various considerations affbcting the choice between emissions

quantitycontroIsandemissiontaxesmayplayoutdifEbrentlyindifEbrentcountries,and

couldleadtothechoiceoftheemissionstaxapproachinsomecount,ries.

E.E脆ctsonCommodityTradeBetweenNations

FearsareoftenexpressedthatadoptionofenvironmentalcontroIpoliciesina

countrywillraisethecostsofproducinggoodsforexports･Itissaidthatcountrieswi11

haveincentivesnottoadoptenvironmentalimprovementpoliciesandwillinstead"race

tothebottom"degradingtheenvironmentinordertoreapgainstotheireconomiesfrom

engaginginexportsofgoodswhoseproductiondegradestheenvironment･Sometimes

theargumentisthatinternationalsanctionsareneededtoinduceallcountriestoadopt

similar environmentalstandards.A dispassionate view can callthis argumentinto

question.

Inthenrstplace,thefbarcanbeover-emPhasized.Theextenttowhichexports

arelostbecauseofdomesticenvironmentalpoliciesdependsontheimportanceoftrade

toacountrytherelativeimportancewithintradeofproductswhosecostofproductionis

raisedbyenvironmentalcontroIs,andthemagnitudebywhichthecostsareraised･

Givingattentiontothesemagnitudes,muChmoreseriousattentionisneedstobegiven

to the efhcts of domestic environmentalcontroIpolicies oninternational

competitiveness and,throughthis,On a nationimposing the controIs･For some
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countries,aChangeincompetitiveadvantagewillbemoreimportantthanforothers,

andthisimportancemaya鮎ctthedegreetowhichinternationalcompetitivenessisa

COnSiderationinchoosingtheextenttowhichenvironmentalcontroIsareimposedinthe

COuntry.

Beyond sheermagnitude oftrade affectedisthecostinvoIvedin shiftingto

alternativeproductionifsomeexportsarelost.Ifthecountryhasreadysubstitutesfor

theproductionthatislostthroughreducedexports,thecostswillbelessthanif,for

example,itis a one-PrOduct country for whom costs of producing alternative

COmmOdit,iesaregreat.

Afundamentalpoint,isthatachangeincompetitiveadvantageininternational

tradeis only-One COnSequenCe Ofan environmentalpolicy.If a cost to a countrylS

invoIvedbecauseofsomelossininternationaladvantage,thisinternationaltradecost

needs to be weighed against
the excesg of the bene丘ts over the costs of the

environmentalpoliciesin the country.Countriesmay quite rationallychoose tobear

thesecostsandgiveup someinternationaltrade,Ortheymaynot,.Itdependsonthe

Circumstancesineachindividualcountry.

AnobjectiveviewisneededtakingaccountJOfthe totalcontextofacountry

COnSideringthephenomenonnotasaracetoanenvironmentalbottom,butratherasa

racetowhatisbestforanindividualcountryinviewofalle鮎cts.

3.Intx)rnationalEnvironmentalExternalities

A.FrameworkforConsideringIj)nglもrmUncertaintiesandCrossBorderE鮎cts

Whentheeffbctsofonecountry-sactionsonothercountriesoccurinthesame

yearastheactionandtheeftbctsareknownwithreasonablecertainty,theamelioration

PrOblemismorecomplicatedthanintheabsenceoftheinter-COuntryeXternalities.But

the problem becomeshr more complicated when the effbcts occur only after along

Period of time and are high1y uncertain.Severalenvironmentalproblems of

internationalconcerninvoIvebothofthesecharacteristicsofproducinginter･COuntry

externalitiesandhavingefEbctsthatarelongtermandhighlyuncertain.

Dealing withlong-term unCertain efLbctsis a conceptualarea with many

dimculttwists,aSreViewedforexamplebyChichilniskyandHeal(1993).Whileafu11

explorationofthese twistswouldtake ustoohra丘eld,Certainkeyfeaturesmaybe

notedthathelpguidethediscussionofworldenvironmentalproblems.Thelong-term

uncertaintiessurroundingtheseproblemsareoftwotypes:1)e鮎ctsofpollutingactions
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onthephysicalenvironment,and2)e鮎ctsofthechangesinthephysicalenvironment

onvaluedoutcomes.

Thedegreeofuncertaintyaboutbothofthesee鮎ctsmustbeassessed.Next,

what action to takeinthe face ofthe uncertainties dependsinparton3)whether

favorableandunfavorabledeparturesfromthemostlikelyoutcomeshaveasymmetric

likelihoodsandwhethereffbctsareirreversib]e.

Forexample,adisastermaynot,bethemostlikelyoutcome!butitsprobability

maystillbegreaterthantheprobabilityofahvorableoutcomethatwouldmakethings

turnoutasmuchbetter on the good side asthe disast,er doesonthe bad side.This

Situationincreasesthedesirabilityoftakingactionnow,aSaformofinsurance.

Whatactiontotakealsodependson4)howthefutureisvaluedrelativetothe

present.Thequestionhereiswhatdiscountratetouseoveranintergenerationaltime

horizon.Fina11y,Whatactiontotakeisinfluencedby5)thecostsincurred.

The costsofthe actionsareinfluenced bythe time atwhichthe actionsare

taken,generallybeinghigheriftheyaretakenimmediatelytJhaniftheyaredelayedor

SPreadoutoveralongerperiod.Thelowercostsfromspreadingactionsintothefuture

resultfrom suchreasonsasreplacementofcapitalequipment,thatwillnothavetobe

SCraPPedif actions are delayed untilthe equipment wears out.Another cost

COnSiderationisdevelopmentoftechnologiesthatthrough1earningbydoingandR&D

maybeloweredovertimeinresponsetoincentivestotaketheactions.Thedevelopment

Of technologies has hvorable positiveinternationalefhcts,if new technologleS

developedinonecountryaretrans董もrredtoothercountries.

Oncethe problem of deciding what actions are best taking account of the

foregoing丘ve major considerations,6)practicalconsiderations arise evenif the

COnSequenCeS OCCur Only wit,hin a single nation.Distributionaland
more general

POliticalconsiderat,ionsaltertheactiontobetakenandmayprecludetakinganyaction

at all.The practicalconsiderations are compounded by7)dimculties ofachieving

internationalcooperationtodealwithinter-COuntryeffbcts.

The above seven points must be払cedin dealing with any environmental

PrObleminvolvinglong term uncertain outcomes,including point7ifinternational

externalities areinvoIved.We willbriefly discuss how the seven points apply to

ecologicalproblems,includingspeciesprotection,andthenturntoglobalwarming.

B.TheWbrldEnvironment,Generally
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WeareinthemidstofunprecedentIedconcernoverenvironmentalproblemsof

a11kinds.Muchoftheconcernisdevotedtoraisingconsciousness,Withonlyrather

sporadice批)rtStOdealconcretelywiththephenomenaofconcern･Thatconcernspreads

widelyisreflectedintheleadarticlebyRosenblattinIhemagazinets2000EarthDay

edition,Which extendsconcernswidely to ruralover urbanvalues and states that

"Thereisnoconcernthesedaysmoreimportantthantheenvironment-nOtgunCOntrOl,

violenceinthemedia,War,.refugeesorthecuringofhtaldiseases･Wearenoteven

awareofthefu11dimensionsoftheproblem.Fewerthantwomillionspeciesofanimals,

plantsandmicroorganismshavebeenidenti丘ed･Y6ttensofmillionsmoremayexist･"

While statements ofthis kind
are
usefulin calling attention

to possible

problems,nOtallwillagreewiththeprioritiesimpliedbyputtingconcernoverspecies

protection ahead of societyls most pressing socialproblems･Here
we have one

consequenceofuncertaintyinevaluatinglong-terme恥cts･Uncertaintygivesroomfor

stronglyheldsubjectivebeliefsbasedonlittle availablereliableinformation,Whose

interpretationcanaccentuate,andinmanycaseslead,tOStrOngdi鮎rencesinopinions･

Ifweviewthequotedstatementinlightoftheseven･POintframeworkinthe

precedingsection,WeSeethatconsiderationsrelatedtothe丘rsttwopointsareraised,

pertainingtouncertaintyofknowledgeaboute鮎cts.Weseethatthereisl)uncertainty

aboutthestateoftheenvironmentandhumanefkctsonitand2)uncertaintyaboutthe

importance ofhuman effbcts on species preservation･The statement seems to be

implyingthathumanactivityishavingextremelyseriousandwidespreadeffbctsona

numberofspeciesandecologyingeneral(pointl),andthattheconsequencesofthese

efLbctsareofgreatconsequence(point2).Mostwillaccepttheideathatsomeeffbctsare

occurring,butthe rhetoricofthe statementsuggestsaworst-CaSe SCenario･Inthe

absenceofgoodknowledgeofe鮎cts,thepossibilityofaworstcasescenariodeservestD

beapartoftheanalysis,butitneedstobeputintoperspectiveasonlyonescenario

whoselikelihoodshouldbeconsideredalongwiththelikelihoodoflessdirescenarios･

Evenmoreimportant,thereasonswhythee鮎ctsmatterdeserve seriousattention･

Surelytheymatter,buthowmuch?Framingtheproblemintermsofseekingoptimal

actionunderuncertaintytakingaccountofallscenariosandtheextenttowhichthey

matter-rather than discussing orimplying that a worst case scenario with

consequences unspeci丘ed justi丘esdrastic conservation efEbrts at any cost-is an

importantstepinarrivingatareasonedresponsetothephenomena･

Furtherprogressinassessingthestateofknowledgeisrepresentedbya$4

mi11ion assessmentofecosystemsundertaken
as
aU.N.e銑)rtCarriedoutjointlyby

WorldBank,theU.N.DevelopmentProgram,theU.N.EnvironmentalProgramandthe
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WorldResourcesInstitute.TheassessmenthasbeendescribedbyLinden(2000).The

fu11丘.ndingshavebeenscheduled丘)rPublicationinSeptember2000.The assessment

COVerStheearth-snvemajorecosystems,namelyforests,freshwatersystems,COaStal

andmarinehabitats,graSSlands,andagrlCulturallands.Thereportdocumentse鮎cts

Ofhuman activity onthese ecosystems and nnds signincant physicale鮎ctsin the

aggregateona1lofthem,aSWellassometimesdramaticstoriesofeffbctsinindividual

situations.Thereportismainlyaboutwhathashappenedtodate.Partlybecauseofthe

POOrStateOfabilitytopredictecology,itdoesnotconcentrateonprojection.Implications

SeemtObethatecologicalsystemsarebeingdegradedandbyinferencewillcontinueto

bedegraded,andthatthere丘)reaCtiontopreservethemisneeded.

Ⅵ11uableasthereportis,ithasanalarmistflavorbecauseitconcentrateson

unfavorableoutcomesanddoesnotdealseriouslywiththeimportanceofconsequences

Offurtherdegradation.Forexample,thereportdoesnotseriouslyattemptto addup

whattheeconomiceffbctsofthe degradationare!Whichwouldastepmovingtoward

evaluationofactionsthatmightbetaken.Thoughitisthoroughindealingwithpast

ecologicale脆cts,thereportconsidersonlyapartofpointlofunderstandingphysical

e鮎ctsinthelistofsevenconsiderationslist,edintheprecedingsectionthatneedtobe

払cedin dealing with environmentalproblems whichfeaturelong term uncertain

e鮎cts.

Onewouldhavetomoveontopoint20ntheimportanceoftheconsequences

andthentotheremainingpoint,Shavingtodowithpoint30naSymmetricprobabilities

Ofgoodandbadscenarios,pOint40ndiscountratetobeusedindecidinghowtotrade

Offthe present versus thefut,ure,POint50n COStS aS COnSideredin relation to the

benentswhichcouldbedoneinanexpectedvaluesense,POint60ndistributionaland

politicalconsiderations a鮎cting what actions are possible and,丘nally point70n

achievinginternationalcooperation for those ecologlCale脆cts havingimportant

CrOSS-borderimplications.Sincerelativelylittleworkhasbeendoneontheseremaining

pointsformostecologicalsystemseitherworld-Wideorinparticularlocalcontexts,the

SeVen-POintlisthelps geta sense ofhow hr we have to go to arrive ata reasoned

approachtodealingwithmostecologlCale鮎cts.

The U.N.report does considerin a smallpartialway actions thatcould be

taken.Theseincludesuggestionstoeliminatewatersubsidiesthatencouragewastefu1

use,eliminating pesticide subsidies o鮎redin some countries that have deleterious

ecologicalsidee鮎ctsandeliminatingcorruptionthatpermitsi11ega1logging.Notethat

thesesuggestionsaredesirableintheirownrightoneconomicenciencygrounds,aPart

fromanyecologicale鮎cts.Theywouldprobablyhavelittlee鮎ctintheaggregateon
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theworld.secologicalsystems.Itsti11remainsforfutureworktoseriouslyconfrontwhat

atrulyoptimalapproachtodealingwithecologicalefEbctswouldbe･Whilethereare

internationalrami丘_Cations,itwouldbeprematuretoconsiderwhatforminternational

COOperationmightappropriatelytake.

Moving on to the somewhat narrower topic of species preservation and

biodiversityasagoal,Whilewearestill払rfrombeingabletoadequatelydealwithall

sevenpointsinthelistofconsiderationsthatneedtobefaced,WeareCloserthanforthe

broader ecologicalconsiderations just considered.The totalnumber of speciesis

unknown,but counts of many known species exist.The processes ofcreation and

extinctionofspecieshavereceivedextensive study.Inshort,muChprogresshasbeen

madeonpointlone鮎ctsofhumanactionsonthephysicalenvironment,Whichinthis

CaSeareefhctsonspeciessurvival.

AttehtionisbeginningtobeglVentOpOint2,Whichiswhydiversitymatters.

Manydiscussionsareingeneralterms,buttheyprovideabasisfordeeperandmore

SyStematicinvestigation.Mentionis often made ofthe role ofdiversityin science,

providinggenepooIsfordevelopmentofneworenhancedtypesofagriculturalcropsand

providing a source ofpharmaceuticals.While not quantinable with certainty,these

bene丘tswould be amenable to scenario analysisthatquanti丘es alternative possible

outcomes,attaChessomekindoflikelihoodtothemandbeglnStOgeteVidenceonhow

muchweshouldbewillingtosacri丘cetogetthebene丘ts.Therehavebeensomeefhrts

alongtheselines,aSrepOrtedbySimpson(1997).

Otherreasonsforconsideringbiodiversitytobedesirablearemoresubjective

butstillamenabletoanalysis.Theseincludethe satishctionthatpeoplederivefrom

knowingthatspeciesexist.Theyalsoincludevaluingtheexistenceofvarietyforitsown

sake,andet,hicalconsiderations suchasdesire nottodestroyotherlivingthingswe

share withtheplanet.Weitzman(1993)hasdemonstrated aningeniousmethodfor

Choosingwhichofarelatedsetofspeciestoconcentratepreservationon.Itreliesinpart

Onthedegreeofendangermentoftheindividualspeciesasreflectedinhirlyreasonably

quanti丘ed estimates of probabilities of extinction.It also relies on the degree of

Similaritybetweentherelatedspecies,aSquanti丘edinadistancefunctionhedevelops

for measuring similarity.One willobtain morefuture diversity by preserving an

individua11y di鮎rent species than onethatis similar to other existing species.The

approachis quantitative and promising.It goes beyond the attitude that all

PreSerVationis desirable to the harder questionofframinginte11igentapproachesto

howmuche肋rttodevotetowhichspecies.
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Westi11havetheissueofwhatpeoplearewi11ingtogiveuptoachievediversity.

Coursey(1998)conductedcontingentvaluationstudiestoelicitpeopletsprefbrencesfor

preservation of difhrent kinds animalspecies,and he compared the results with

priorities givenin government programs to preserve species】nnding essential

consistency.Thenndingsthrowlightonwhatattributesinfluencepeople-spre鈷rences

forsavingparticularspecies.Animalsizeisfoundtobeimportant･AccordingtoCoursey,

"Birds,mammals,rePtiles,and clams and mussels receive diffbrent treatment than

receivedbyotheranimals"(page432).

Withregardtospeciespreservation,then,prOmisingprogresshasbeenmade

on pointlon actions thatinfluence degree ofpreservation and on point20n the

problems connected with how to value preservation,Whichisthe main waythat

progressindealingwithspeciespreservationshowsadvancesovereffortstodealwith

broaderecologicalproblems.Therehavealsobeensomeadvancesrelatedtopoint50n

costsofachievingpreservation,aSreflectedinsuggestionsthateffortsbeconcentrated

ona鈷wmajorhotspotsaroundtheworld,thathaveaparticularlylargenumberand

varietyofspeciesofmanykinds･Thehotspotsarehcingdegradationduetohuman

actions.Inadditiontodirectefforts,Sedjo(1999)pointstotheexamplethatincreasesin

forest productivity can resultinless market demand to encroach
on ecologically

importantforestlands.

Regardingpoint60ndistributionalandpoliticalconsiderations,Ando(1998)

hasanalyzedtheroleofinterestgroupsinspecifyingwhichspeciesaretobeprotected･

Preservationisclearly a world
concern,aS reflectedfor exampleinca11sfor action

orlglnatingln COuntries----eSPeCially highincome countries-tO PrOteCt rainforests

aroundtheworldwhicharefoundpredominantlyinlowerincomecountries.Thisisan

internationalexternalityleadingtopoint70ninternationalcooperation.Whileformal

internationalcooperationisnottakingplace,individualsfrom aroundtheworldare

contributingthrough various channels･Asaninternet example,by clicking on

http://www.therainforestsite.com,anyindividualanywhereintheworldwithaccessto

theinternetcan preserve a fbw square fbetofrainforestby prompting commercial

sponsorstodonatetoTheNatureConservancy.

C.GlobalW加mingIssues

A如

The planet･Wide ecologlCalphenomena consideredin the preceding section

haveillustrated how the seven considerations to be hcedin dealing withlong■･term
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uncertain environmentaleffbcts
are manifbsted diffbrently according to the

phenomenon being considered.The discussiongives perspective on similarities and

di鮎rencesinthewaytheconsiderationsaremanifbstedandondi鮪rencesindegreeof

progressindealingwiththeproblems.Furthercontrastisprovided,aSWeturntOglobal

warming,Wherewe丘ndthatconsiderablymoreprogressinanalysishasbeenmade･

In a more extended discussion,We WOuld also consider experiencein

internationalcooperationoIlaCidraininEuropeandonthesuccessfulactionsinvolving

nationson severalcontinentstocontrolthe ozonelayerculminatinginthe Montreal

Accord.Ithadseemedthattheozonelayerproblemwasabated,partlybecauseofthe

Accord.However,reCentneWSisthatdepletionisagainoccurrlng.Ratherthanbeing

attributedtoCFCandrelatedemissions,theoccurrenceisnowbeingattributedtothe

effbctsofincreasesinpolar temperaturesresultingfrom globalwarming.The ozone

layerproblembecomesapartoftheglobalwarmingproblem.

Globalwarming,reSultinglargelyfrom carbon dioxide emissions,isthe

internationalexternalityproblem thathas received most attention.Ithasbeen the

focusofunprecedentedattemptstodealwithallsevenpointsarisinginattemptingto

addressinternationalexternalities.

Much work hasbeen done byphysicalscientists on pointlon the possible

e鮎ctsofhumanactionsonglobaltemperatures.Agreatdealofefforthasbeendevoted

todevelopingcarbonsinkmodelsandrelatedmodelsofthe environmentale鮎ctsof

greenhousegases.Themodelscontinuetobeimproved,andmonitoringisimprovingas

well.Basedonaccumulatingevidence,there seemstobe aconsensusthatthe most

likelysituationisthatglobaltemperaturesareincreasing.Thereislessagreementbut

stilla substantialbodyofopinion thatthe warmingis due to the effbctsofhuman

activity.Thereis unanimous agreement that enormous uncertainty attaches to

prediction offuture climate change anditscauses.Even the degree ofunreliability

remainsindoubt.Forfurtherdiscussion,Seelもman,FirorandDarmstadter(1996)and

Kerr(2000).

Point20ntheeffbctsofglobalwarmingonvaluedoutcomeshasreceivedmuch

attention.Ambitiousmodelingefn)rtShavebeenmadecombiningphysicalandeconomic

relationstopredictandvaluelong-termefforts,aSforexampleinNordhausandYhng

(1996).Atalowerdegreeofaggregation,Studieshavenotedsuchefhctsasseacoast

fl00ding and agriculturalchanges.In oneimportant series of studies,mOdels of

agrlCultural adjustments to temperature change allowing for shifts and

Substitutabilitieshavefoundbothhvorableandunfavorableeffbctsofglobalwarming.

Thenetimpactisestimatedtobemuchmorefavorablethaninstudiesnota1lowlngfor
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fu11agriculturaladjustment.Estimates have been madefor the United States by

Mendelsohn,NordhausandShaw(1994).TheworkhasbeenextendedtoBraziland

IndiabySanghi(1998).

Regarding point30n aSymmetriclikelihoods,thereis much

discussionofthepossibilityofunforeseenhighlyunfavorableconsequencesofglobal

warming.Muchofthepublic supportformeasurestocurb greenhouseemissionsis

motivatedbythisqualitativediscussion･Inspiteof200yearsofthemostremarkable

andcontinuedincreasesinincomesinhumanhistory,thefbarisexpressedthatitwill

allcometoanendduetoglobalwarmingofaverylもwdegrees･Perhapsthegreatest

neglectinthegreatattentiongiventoglobalwarmingissparsenessofdispassionate

quantItatj叩analysISOfdireconsequences･Thefactthattheseconsequencesappearto

havealowprobabilityofoccurringinnowayjusti丘esthisneglect･Irreversibilityofdire

consequencescouldbeaparticularconcern･Amonga鎚wrefreshingexceptionstothe

neglectofquantitativeanalysISOfdire,unforeseenconsequencesistheco11ectionof

essays on assessing surprises and nonlinearitiesin greenhouse warming editedby

Darmstadter and Tbman(1993).Nordhaus'very elaborate modeling of

intergenerationaleffbctscombiningscientincandeconomicrelationsformallyusesthe

expected utility approach
we willdiscussin thefo1lowing paragraph･Nordhaus'

analysISSetSthestageconceptuallyandrepresentsadaringattemptatquanti丘cation

invoIvingdozensofparameters.

Amongthemany払cetsofattemptingtocontrolglobalwarming,thespeci丘c

probabilitiesandestimatedcostsofvariousun鈷vorableoutcomeshavetendedtobelost

sightof･Agreatdealmoreattentionisneededtotheserelations･What,SPeCi丘callyare

thedisasteroutcomesinphysicalterms?Theyneedtobelistedandmaderealinterms

thatwillbeconducivetopublicdiscourse･Whatcanwesaybasedonscienti丘copinion

about the truelikelihood of these events?The great uncertainty surrounding the

probabilitiesneedstobediscussed,emPhasizingrangesintermsamenabletopolicy

discussion.What speci丘cally arethelosses from the disasters?Thelosses tothe

maximumextentpossibleshouldbeexpressedindollartermstoenabledecidinghow

muchitisworthtogiveupotherthingstoavoidthedisasters･Asaminimum,thelosses

shouldbe describedfu11y;inphysicalterms.Itisnot,forexample,justthatglobal

warmingmayfosterthespreadofcertainkindsofdiseasesoreventhattherewillbea

certainnumberofadditionalcases.Wemustproceedtothequestionofhowmuchitis

worthgivingupintermsofdirecteconomicoutputaswellaspain,Sufhring,and

psychic e鮎cts,tO aVOidthe additionalsickness･Itis clearly notworth giving up

everything･Theheartoftheglobalwarmingquestionintheendishowmuchitisworth
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glVinguptoavoidtheefLbct,Whichrequiresseriousattentiontovaluation-typeissues

thathavescarcelyenteredpublicdiscussion.Still,theseconsiderationshavenotworked

their wayinto the mainstream ofthelarge amountofeffortbeing devoted to global

Warming.

Indicationsfrom assessments based on mostlikely outcomes arethatthe

bene丘tsfromattemptstocurbgreenhousegasemissionsmaywellnotJbe sunciently

greattorousethepresentgenerationtomuchaction.Inviewofthistypeof丘nding,the

lackofmoreconcertedinvestigationoflessexpected,butdire,COnSequenCeSandt,heir

incorporationinto assessment of greenhouse gas policy strategies takes on more

importance.

Onereasonfortheneglectmaybethedifncultyofbecomingquantitativeabout

direunlikelyevents,eSPeCiallywhentheirexactnatureisnotknown.Anotherreasonis

analyticalcomplicationinvoIvedin specifyingoptimalstrategiesinthe
face ofsma11

probabilityhighlossoutcomes.Anexpectedutilityapproachwillcarryonefar,ifoneis

Willingtobitethebulletatleastinacontemplativeway,bydaringtoconjecturesome

numbers on probabilities and onlosses connected with them.With symmetric

PrObabilities oflosses and galnS Of any given amount,and with no risk aversion,

maximizingexpectedutilityisachievedbytheusualcalculusofcomparingmostlikely

benentswithmostlikelycosts.

Asasimplei11ustrationofthecomplicationsraisedbyasymmetryconsidera

Situationwherethereisasymmetricprobabilitydistributionforalloutcomes,eXCePt払r

One Very Smallprobability event that wi11reduceincome to a smallfraction ofits

expectedamount.Ifweconsideronlymostlikelyoutcomes,WeWillcalculatethemost

likely e鮎cts of changes of variousincrements of changesin globaltemperature.

Supposethelossinincomeavoidedbythereductionsisproportionaltothetemperature

increasesavoided.Theestimatesoflossesavoidedwouldbebasedonusualestimatesof

the type thathave become quite prevalentin globalwarming analysesofeffbctson

agriculture,fl00dingandthelike.Thereduceddamagesaretheexpectedbenents.The

expected benefits would be compared with costsofbringing down temperatures by

incrementalamountsfromlevelsexpectedintheabsenceofeffortstocurbgreenhouse

gases･Onthisbasis,itmaybefoundthatthebene丘tsaresufficienttojustifybearing

COStStObringdownglobaltemperaturebyonehalfofonedegreefromwhatitwould

Otherwise be,Whichis alarge changein terms ofusualdiscussions ofreasonable

COntrOIstoimpose.Giventheproportionalityassumption,thebene丘tswouldbe.005Yo,

OrOnehalfofonepercentofincomeYo,intheabsenceofeffortstocurbgreenhouse

gases･Thenguresassumegreatereftbctsonglobaltemperatureandgreaterbene丘ts
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fromreductionthaninextantanalysis.Wearenotpromotinganyparticularestimates

andareusingnumbersonlyforthesakeofillustration.

Thecalculationsconsideredsohrforthecompletelysymmetriccasearestill

relevantintheexampleadmittingadisasterevent,becausethe丘guresconsideredso

farcanbeusedtoobtainexpectationsfbrthesymmetriceventsintheexample.Inour

example,theseeventswillnowaccountfor,Say98percentinsteadoflOOpercentofthe

PrObabilityspace.Supposethatthedisastereventoccurringwith2percentprobability

Willreduceincometoonlyaquarterofitsmostlikelyvalue!Orby75percent.Wewill

notspeculateseriouslyonthespeci丘csofthedisaster,butasahncifulcase,eCOlogical

ChangesmighttakeplacethatleadtolethalairbornevirusesalongthelinesofAIDS

but more serious and withless possible behavioraldefenses andless possibility of

developlngCurativeremedies.Ifthiseventweretooccurwithcertainty,theutilityloss

fromthe75percent reductioninincome would not be75percent,because ofthe

diminishingmarglnalutilityofincome.Theprospectthatutilitywillapproachzeroat

Verylowlevelsofincomewillmeanthatutilitygoesdownmorethaninproportionto

income.Theoutcomedependsontheshapeoftheutilityfunctiondeterminingdegreeof

riskaversion.Supposethatthe disastereventwouldcause utilitytogodowntoone

tenthofitsamountinthe absenceofthe disasterorby90percent.Thenthebenent

measuredintermsoflossavoidedis90percentofpresentincome.Thiscompareswith

Onehalfofonepercentincomelossavoidedifthemostlikelyeventsoccur.Strictlythe

One halfofone percentlossinincome would be accompanied by some changein

marglnalutilitywhich,however,atthissma11percentagelossisasecondordere鮎ct

Whoseinclusion adds nothing to the pointofthe analysis.Supposefurther that the

disaster can onlybe avoidedifthe earth'stemperatureispreventedfrom rising2.5

degreeslessthanwhatitwouldintheabsenceofgreenhousegascontroIs,Whichwould

becon丘ningglobalwarmingtoonlyahalfdegreemorewarmththanatpresent.The

expected benent丘om a policy connning temperature rise to this amountis the

probabilityweightedaverageofbenentstakingaccountofboththemostlikelyandthe

disasterstatesoftheworldandis.98x.005Yo+.02x.90xYo.whichequals.O1899xYo,Or

approximatelyl.9percentofincome.

Theexpectedbenefitofl.9percentofincometakingaccountoftheprobability

Ofdisasterisalmostfourtimesasgreatas.5percentofincomeinthesymmetriccase

thatignorede鮎ctsofpotentialdisastersontheprobabilitydistribution.Theexample

indicatesthatamuchgreaterlevelofcontroIwouldbejusti丘edthanunderassumptions

Ofsymmetry.Amaximumlossin expected bene丘ts due to disaster occurs when the

humanraceisdestroyedgivingzeroutilityifthedisasteroccurs.Thenthelossdueto
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disaster,aS aperCentOfincome,isequaltothe probability that disaster willoccur.

Greaterlossescouldbe obtainedifthe disutilityofdiscontinuing the human raceis

consideredgreaterthanlossinutilityfromzeroincome.Theexamplecouldandshould

bemademorecomplicatedinanumberofways.

Thesimpleexamplethathasbeenpresentedsuggeststwohypotheses.First,a

lowprobabilityofdisasterlimitsthee恥ctofdisastersonexpectedbenents･Expected

benentswi11belimitedtoonlyaverymodestfractionofpresentincome.Second,eVenSO,

thebenentsfromavoideddisastercanbe substantialandinourexamplewaggedthe

bene丘t dog.The casefor more systematic attention to disastersin planning global

WarmingstrategleSisstrong.

Inthe absence ofavailability ofexact numbers,COntemPlation ofordersof

magnitude,eVenWithverywideranges,CangiveinsightsondesirablestrategleS.Even

themostextremeassumptionsaboutprobabilitiesandlossesassociatedwiththemcan

help setlimitsandindicate wherefurther rennementefhrtsare needed.Itistobe

emphasizedthatinclusion of asymmetric probability distributions of outcomesis

entirely difLbrent
from sensitivity analyses often carried out to丘nd the efhcts of

varyingparametervaluesfrombasecaseassumptionsinthesymmetriccase,Whichis

the usualsensitivity analysiscarried out.The procedure being suggested hereis to

include asymmetriesinthe base case,Which may make the asymmetries the chief

determinantofactions.Thisresultwillmostlikelycontinuetoholdasparametersare

Variedfromthebasecaseoftheasymmetricmodel.

Some may objectto expressing values ofimportance to the survivalofthe

humanraceindollarterms.Onecanstillgoaheadandthinktheunthinkableabout

what,inwhatevertermsonelikestouse,OneWOuldgiveuptoavoidthedisaster.Ifone

SaySOneWOuldgiveupeverything,theimplicationisthatpresentlifeisworthnothing

COmParedtofuturelife.Oneneedstopursuethisthinkingtodecidewhattodo.The

thinkingis no more払ntastic than needed thinkingin objective
terms about real

POSSibilitiesforlowprobabilitydisasterscenarios.

The discussion here hasfo1lowed an expected utility approach.Examples of

moresophisticatedapproachesemphasizingirreversibilities,informationandstochastic

decisiontheory arefoundinAnthony Fisher-s work as exempli丘edin Fisher and

Kruti11a(1995)andAlbers,FisherandHannemann(1996).

Regardingpoint40nhowthefutureisvaluedrelativetothepresent,thelong

timehorizonsinvoIvedindeleteriouseffbctsofglobalwarmingandstrategiestocombat

it hasled to greatlyincreased concern over what discount rateis appropriatefor

COmParingoutcomesatdiffbrenttimes.Useofordinarydiscountratesfortimeperiods
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withinageneration,basedontheopportunitycostofinvestingfundstoearnagoing

rateofreturnoncapitalinaneconomy,hasenormouse鮎ctsonbenents50,100and

moreyearsinthefuture･Theprocedureeasilyreducesvaluationofthemtoalmost

negligibleamounts･Thinkinghascomearoundtoacceptanceoftheideathateffbcts

between generations can appropriately be valued atlower
discount rates･Abasic

conceptisthatsuche鮎ctsinvoIveprimarilyvaluationsofincomedistributionbetween

generationsratherthanopportunitycostsofinvestment･Issuesareexploredinthe

proceedingsofa symposium on discounting andintergenerationalequityeditedby

PortneyandWeyant(1999).Thesymposiumemphasizessuchphenomenaase鮎ctsof

pre鈷renceuncertainty,POSSibleuseofdiscountratesvarylngthroughtime,multiple

discountratesandpoliticalacceptability.

Breakingthelinkbetweendiscountingandinvestmentopportunitiesrequires

abandoning the representative consumer approach to analyzinginter･temPOral

decisions where the consumeris assumed toliveforever.Withdiscrete generations

recognizedasbeingdifhrentactors,ifnooneeverpassedonanythingtotheirchildren,

thelink would easily be broken･More workis needed
on the relation of

intergenerationaldiscountingtothedeterminantsofbequests,limitationsoflending

institutions,andtheunwillingnessofparentsandchildrentoborrowandlendtoeach

otheronperfbctmarketterms･Withincomerisingbetweengenerations,themarginal

utilityofconsumptionwillbelessforfuturethanpresentgenerations,SuggeStingthe

possibility frequently putforward of a discount rate
based onintergenerational

difhrencein marginalutilityleading
to a positiveintergenerationaldiscount rate

determinedbytherateofdeclineofmarglnalutilityofconsumption･

Inthedisasterscenariosdiscussedabove,themarginalutilityofincomecould

wellbe greaterforfuture generationsexperiencingthe
disaster･The discountrate

wouldvarywiththestateoftheworldbeingconsideredandcoulddi鮎rwithinthesame

analysis.Anegalitarianapproachtodistributionbetweengenerationswouldweight

eachpersonthe samenomatterwhatgenerationheor shelivesin･DifLbrencesin

consumptionwouldleadtodifhrencesinutilitybuteachpersonwouldbegivenequal

weight.Presentvaluewouldbetheunweightedsumoftheutilitiesofeachperson

regardlessoftheperson-sgeneration.Buttheweightsneednotbeconsideredequal･

Somepeoplemayselnshlynotconsiderthewel払reoftheirchildrentobeanimportant

astheirown.Lessweightwouldbegiventotheirchildrentsutilityfunctionthantheir

own.MorealtruisticallytheevidencethatmanyparentsstrivetoglVetheirchildren

opportunities and make sacrinces sothat their children
can be better off than

themselves,SuggeStSthatinmanycasestheutilityfunctionsoftheirchildrenaregiven
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greaterweightthantheirown.Somepeoplemayattachvaluetotheideaofproviding

continuedprogressofthehumanrace,Obtainingsatis払ctionfromknowingthatfuture

generationswillbeincreasinglybetteroff,andbeingwillingtomakesacri丘cesforit･

Culturaldi鮎rencesmaymaketheappropriateintergenerationaldiscountrate

difhramongcountries.PossiblythelongviewoftenattributedtoAsianculturesreflects

apreferenceforalowerinter-generationaldiscountratethanwesterncultures.

Regardingpoint50nCOStS,anumberofissuesarise.Therearesomanysources

ofgreenhouseemissionsandsomanydifLbrenttechnologiesandcontrolincentivesthat

mightbeapplied,thatagreementdoesnotexistonthemagnitudeofvariouslevelsof

controIs.There are di鮎rencesin controIcosts among countries,Whichincidentally

might
belessened by technology transfers.Asmentioned earlier,timeframeis

importantwith costs generally beinglessthelonger the timeis glVenforimposing

controIs.Aliterature exists onthe value ofdelay to acquire moreinformation and

developnewtechnologies,aSforexamplePeckandTiesberg(1992).

In the case of globalwarming,a truly unprecedentedlylarge amount of

attentionhasbeengiventopoint60npraCticalconsiderations,SuChasdistributional

and politicalconsiderations and point70n dimculties of achievinginternational

COOperation.The attention centers on the1997 E.yoto Protocolthat established

greenhouseemissionlimits,andonthefo1low-uPinternationalconfbrencesthathave

OCCurredandarestilloccurringaimedatimplementingtheprotocol.

Distributionalconsiderations as between higher andlowerincome nations

havebeenoneoftheconcerns.Thesettingofquantitygoalsonemissionsratherthana

priceortaxapproachdivorcestheprotocolfromseriousconsiderationofbenents.One

doesnotknowwhetherthegoalsareanywherenearwhatwouldoptimallybecalledfor.

Thefactsthatexistingstudiesshowonlyfairlymodestbene丘tseveninthelongrunand

thatformostnationstheyearlycostsexceedtheyearlybene丘tsuntilnearly2100actas

deterrents to participation.Some have pointed out the advantages ofgoing slower,

whichwould allowthe emissions reductions to be achieved atless cost,for reasons we

have already cited.Allowance for flexibility and experimentation has been

recommended.

Internationalemissions rights trading has become centralin negotiations.

Problemsofmonitoring,enforcementandencouraglngprivatesectorparticipationhave

beendealtwith.Emissionstradingwouldtaketheforminpartofhigherincomenations

purchasing emissions rightsfromlowerincome nations.Interest has emergedin a

specialform of trading calledthe Clean Development Mechanism(CDM).Higher

income nations would directly
nnance reductions of greenhouse emissionsinlower
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incomenations.Theywouldgainemissionrights,Whilethelowerincomenationswould

receivebenentsfromimprovementsintheirtechnologies.

AsourceoffurtherinformationonglobalwarminganalysisisResourcesforthe

Future,Inc.inⅥbshington,DC,Whichcarriesonactivityona1lofthesevenpointson

globalwarmingandkeepstrackofprogressbyothers.Seelもman(2000).

Regardlessofhowfu11ytheKyotoProtocolisimplemented,thegreatinterestin

globalwarmingservestocallattentiontopotentialproblems,1eading,aSaminimum,tO

Closelywatchingitinthefutureandleadingtowaysofdealingwithitwhichcouldoccur

With or without the Protocol.Theseinclude experimentation withinstitutional

mechanismslike CDManddevelopmentandtrans丘!rOftechnologiesthatwillreduce

greenhousegasemissions,amOngOthers.

触ゴ血.1必血ヱf¢ムユJ〃1】∂出血

Ⅵ11uableasistheattentiontopossibilitiesforinternationalprotocoIsfordealingwith

globalwarmlng,rOOmisleftfor many additionalactivities.They take on special

importanceinviewofthefactthattheformandindeedtheveryfutureofmulti-nation

agreementsremainsindoubt.Inclosing,WeturntOOtherpolicies.

The"onenth"principleofincentivestocontributetothecostofapublicgood

applies tothe world public good ofreduclng greenhouse gas emissions.The United

States willbene丘t fromits
own effort to curb emissions evenifitis not the only

recipient.Eachnationhassomeincentivetocurbemissionsevenifothernationsdonot.

Iftheperceivedbene丘tsaregreatenough,theywillactontheirown.Aproblemisthat

PerCeivedbene丘tsapparentlydonotappearthatgreat.Still,thelargertheeconomy,the

moretheemissionse鮎ctsareinternalized,SOifperceptionschange,SOmethingcouldbe

doneunilatera11y.

Considerableinterest has centered on carbon taxes within a nation as a

mechanismforreduclnggreenhousegasemissions,taXingthecarboncontentoffuels

usedin energy andprocessheatproduction asin Poterba(1993).Parry(1997)has

COnSideredtheinteractionofcarbontaxeswithothertaxes,丘ndingthatcarbontaxes

Willhave magnined efhctsint,he presence ofother taxes.The added costs can be

avoided by reducing other taxes,SO that thereis no net revenueincrease tothe

government.The carbon taxes could be used as a way of meetinginternational

COmmitmentstoreduceemissions,Ortheycouldsimplybeusedunilaterally.

Among the many avenues other thaninternationalprotocoIsfor achieving

redtlCtionsingreenhousegasemissionisprlVateforelgninvestment.Policychangesto

reduceimpedimentstoforeigninvestmentsleadingtogreaterenergyemciencyaretobe

-35-



encouraged.While privateinvestmentis gaining prominence over donorloans,Still

donorlendingexistsandcouldbeturnedtosomeextenttofosteringtechnologiesthat

helpreducegreenhouseemissions.Countriescantakeunilateralactionst10Wardother

COuntries toinduce them to reduce greenhouse gases.Possible approachesinclude

Subsidies toforeigninvestments thatfoster reductionsin greenhouse gases and,

POSSibly more appealing,1ess direct approaches such as joint public-Private

PartnerShipsin overseas energy productioninvestments withpublic role taking the

form of supplyinglowinterest rateloans.Additionalpossibilitiesinclude research

and/or tax credits for R&D aimed at developing:greenhouse emission control

technologies,increasedemciencyinproduclngenergyfromfossilfuelsandnon･fossil

technologies that willmake non-fossilsources commercially viable.Sti11further

possibilitiesincludecooperationinresearchandinactionstofostertrans鈷rofexisting

technologiesintheforegoingareasthatarenowmoreefncientinsomecountriesthan

others.

TheroleofimprovementsinenergyenciencyistDbestressed.Theseprovidea

Vehicleforforelgninvestmentwhichcouldbe prontable to nrmsin high technology

COuntries,directlyincreaseincomesinthereceivingcountries,andhaveenvironmental

benentsthatarebothinternaltothecountry(suchasparticulatereduction)and,atthe

Sametime!reducegreenhouse gasemissions.Inadditiontothekeyroleofelectricity

PrOduction,Other policiesforincreasing efficiency and reducing energy consumption

existthatcanbethefocusofurbanpolicieswhere mostenergyproductionoccurs,aS

consideredbyTblley(1998).

Automobiles and trucks as a source of greenhouse gas emissions deserve

SPeCialconsiderationinviewoftheprospectiveincreasesinautomobileuse,Particularly

inrapidlydevelopingnations.Increasedmileageenciencyhelpsmanygoalsinaddition

toreducinggreenhousegasemissions.

Possibilitiesforsubstitutesforfossilfuelsasasourceforeitherpointsourceor

transportationenergyso払rappearlimited.NorealR&Dbreakthroughshaveyetbeen

made.Thoughnotnecessarilytobecountedonasalarge-SCalesolution,COntinuedR&D

istoberecommendedandcouldbeafocusofbilateralinternationalcooperation.

4.Conclusion

We haveconsidered environmentalproblemsinternalto nations,aS Wellas

thoseinvoIvinginternationalexternalities.Wehavetakenabroadviewofhowtodeal

Withtheenvironment,COnSideringmanytooIsandneedsforimprovements.
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We have called attention to di恥rences amongcountriesin dealingwiththe

environment.Wehavepointedoutreasonswhyfbarofabeggarthyneighborracetothe

bottom,WhichavoidsenvironmentalcontroIsthatincreaseproductioncostsofexport

goodsinordertogaincompetitiveadvantageininternationaltrade,maybeexaggerated.

Nations may rationally6.nd thatthe gains from environmentalcontroIs exceed the

gains from trade given up and so may choose not to race tothe bott,Om.Whatever

Choicesaremade,theresultofeachnationbalancinggalnSfromenvironmentalcontrol

againstgainsfromtradetendstomaximizeworldwelhre.

Withregardtoecologicalandglobalwarmingpolicies,WehaveglVenattention

tohowtodealwithproblemsinwhichtherearelong-termunCertaine鮎cts.Wehave

PreSentedaseven-POintframeworkfordealingwiththeproblemsandhaveevaluated

PrOgreSS Within the
framework,POinting out areas that particularly remain to be

addressed.

Wepointedouttheneedtodealmoredispassionatelyandsystematica11ywith

asymmetric probabilities andirreversibilities.Alarmists have played up disaster

possibilitiesqualitatively,POSSiblyexaggeratingtheirimportance.Objectiveeconomic

analysesontheotherhandhaveconcentratedonmostlikelyoutcomesandhaveglVen

relativelylittleattentiontolowprobabilitydisasters.Wehaveshownthatasymmetric

disasterevents,eVeniftheyhaveasma11probability,Canhavenon-negligiblee鮎ctson

OPtimalactions.Theobjectiveeconomicanalyseshavetestedsensitivitytoparameter

changesofabasecaseconsistingonlyofamostlikelyscenario.Thisisnotthe
same

thingasincludingalowprobabilitydisasterinthebasecase.Ourpointisthatabase

caseshouldincludeasaminimumamostlikelyscenariohavingahighprobabilityand

a disaster scenario having alow probability.Optimalcurbing of greenhouse gas

emissionsmaybea鮎ctedalotoralittlebyinclusionofthelowprobabilitydisaster

scenario.We are
notprejudging the magnitude ofthe e鮎ct.Tb getinsightson the

magnitudeisthepurposeoftheanalysIS.

Among other considerationsthat stand out,the very process ofeconomic

developmentinaworldeconomy,byincreasinglinkagesbetweencountries,hcilitates

thetransferoftechnologies,improvingcapabilitiesofnationsaroundtheworldtodeal

withenvironmentalproblems.Anotherconsiderationthatstandsoutisthat払cilitating

foreigninvestmentinenergyproducingindustrieswillparticularlyfostertransferof

those technologleS mOStimportant to globalwarming,aS Wellas contributing to

solutions ofenvironmentalproblemsinternalto each nation and raisinglnCOmeS tO

boot.
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Atvariouspoints,Wehaveemphasizedtheroleofeffortsconcentratingmore

directly on technology andinternationaltrans鎚汀Oftechnology･The
discussion has

called attention to many possibilities that existforinternationalexchanges of

information,aSWellasstudyanddesignofenvironmentalactions,andcooperationboth

bilateralandamongsmallgroupsofcountriesaimedatsustainability･
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