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PREFACE   

The Systcms AnalysIS and PlannlngI）ivisionin the NationalInstitute for  

EnvironmentalStudies perLorms research coneernlng a Wide range or environmental  

problemsinacompreherlSivemanner・MostoftheresearchescorlductedintheDivisionare  

inherentlyinlerdisciplinary・Thus their satisfactory execution willoften require  

intraTdivisional，inter－divisional，andsometimesinter一institutionalresearchcq11aboration．   

ThisreportonecoI－Omicanalysesorman’sutilizationorenvironmentalresourcesin  

aquaticenvironmentsandNationalParkreglOnSpreSentSOneSuChabundleofco11aboratory  

researchworks・rrhoughthebindingthemeorselectedworksinthereportisrelatedtothe  

economic analyses orenvironmentalresources management，the economics，eSPeCially  

microeconomics，COntailledin the reportis a broad ranglng One which bringsinto the  

anaIysIS enVironmental，SOCialandinstitutionalfhctorsin order to clarify the economic  

aspcctsorbothenvironrnentalpollutionandnatureconservation・Inorganizlngthereport，  

theeditornrstconstructsakindofsystemsanalysisframeworkfbrclassifyingandthirLking  

aboutenvironmentalresourcemanagement・Hethenclari吋therelationoreachchapterto  

theframework，Whereeachchapterdealswithar・eCO∫一OJT）icanaJy5jso［aspecjLjcprobJem  

related to cnvironmentalresource management．   

1nshort，［hereportpresentsempiricalandtheoreticalworksrelaled［ocurrenりapanese  

environmentalconservationproblemsinaquaticenvironmentandNationalParkreg10nS，  

WhichhavebecndevelopedinpasttenyearsortheDivision，sexistence・Whileundoubtedly  

thereareanumberofpolntSatWhichthereportcouldhavebeenextended，itishopedthat  

this reportis also orsome use for those who areinterestedirlthe economic aspects or  

cnvironmentalconservalion．  
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Dr・Eng・  

Director of the Systems 

AnalysIS and Ptanning Division  
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Abstraet  

Thisreportrepresen［sacollectionorselectedworksundertakeninthespecialresearch  

prq）eCt COnCernlng eutrOPhication orLake Kasumlgaura andin severalbasic research  

StudiesofSystemsAnalysISandPlanningDivision・Itaddresseseconomicanalysesorman，s  

utilizationorenvironmentalresourcesinaquaticenvironmentsandNationalParkreglOnS・  

1n particularit seeks to shedlight on three mainissues conlrontlng the environmental  

resources management＝thede［ermirlation ormanagementgoal，thedeterminationorthe  

Preferablesystemormanagementmeasures，basedontheunderstandingofman’sutilization  

PrOCeSSeS Or environmental resources，and the formation of the approprlate SOCial  

arrangementsIor managlng the environment．   

Thereportconsistsortwoparts・PartIorthereportdealswiththecaseoraquatic  

environments such aslake and river，Where many orthe environmentalresources are  

COmmOnPrOPertyandthespatialextentofman，sutilizationismainlylimited10areglOn  

such as a watershed，Partlldeals with the case ornaturalenvironmeIltin NationalPark  

reglOnS，WherepropertyrightsorthelandsareexplicitlydefinedandthespatialcxtcIltVaries  

Lromlocalto nation atlarge・   

Ineachpart，emPlricalandtheoreticalworksrelatedtothreeissuesormanagement  

goal，SyStem Ormanagement meaSureS，andinstitutionalarrangemcnts arc prcsented▲  
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Chaptorl  

Editor）sIntroduction  

AseconomicdeveJopmentandagrowlngpOPulationincreasethedemandonenvironmental  
resourccsmostlylneXtramarketmanner，itbecomcsincrcasinglylmpOrtaIlttOtaCklethreemain  
issuesconccrningtheenvironmentalrcsourccsmanagements＝1）howdowedetermiethc  
managementgoa】suchasthespecifiedlevclorcnvlrOnmCntalqualitywithdegreeorcerta）nty？  
2）whatistheprettral）1esystemorman 

． 

environmcntalresources？Thougl－thescthreeis5ueSWereOrlg・nal）yprcsentedbyKneeseand  
Bower（1968）Lor the case orwater quality management，they arc also applicable to the  
managemenLorenviro［1mentalresourccsingeneral，Wherethe“environmentalrcsourccs”arc  
dc†ined to be the resourccs supplied by the environment・   

AsPearce（1976）hasnoLcd，theenvirolment，fromman’5pOintofview，SuPPliesl）natural  
resourceswhichareusedtocreatcecoI10mlCgOOds，2）“naturalgoods”orpublic－COnSumPtion  
goodssuchasbeautifulscenery，and3）a“sink”intowhichwastesgencratedbyman’sactivities  
Canbediscardcd・I」imitedsupplyorenvironmentaIrcsourcesandthepossibleinterre）ationships  
amongthree typcsofrcsourccssupplied by thcenvironmentgeneratethesituationin wllich  
competlngdemandsforthcutiIizationofenvironmentalresourcesexist・Thismayexplainthe  
importance ofthe three mairlissuesintroduced above・  

TlleObJeCtiveofthisresearchreportis twofold：Oneis tohc）pshedlightonthreeissues  
through scveralcase5tudies oractualsituations▲ln doing so，WC Pay SpeCialattention on  
clarifying man’s utilization processesofLcnvironmentalresources・Thc otheris to clari吋the  
tllCOrCtica）backgrounds or and to practice the representative mcthodsin the Eield of  
environmentaleconomics・ExamplesormethodologlCaIargumentsincludehowpollutioncharges  
are calculated，how to estimate a pollution damagefunction，how toanalyze thc useorthe  
environmentinadynamiccontext，a11dhowtocalcu】ateconsumersurplusofnatureprescrvation．  
lnordertosatisfvtheabovctwoob）eCtives，mOStOfthefollowlngChaptersconsistofathcorctical  
Part and an emplricalpart■  

Fig．1isaschematicdiagramindicatlngthe relationshipsamongthefollowlngChapters，  
where four lypes of the environment are dassified in terms of iwo characreristics of the 
CnVironmcnt：eStablishment of propcrty rights and spatialextent or man’s utilization or  
environmcntalrcsources・Partlorthereporldealswiththecaseoraquaticcnvironmentssuchas  
】akeandriver，WhcrcmanyoftheenvironmentalresourccsarecommonproperLyandthespatial  
CXtentismostly）imitedtoareglOnSuChasawaLcrshed・Part2dealswiththccaseofnatural  
CnVironmentinNationalParkreglOnS，WherepropertyrightsorthelandsareexpllCitlydeflned  
and thespatialextcntvariesfromlocalto nationatlarge・Though type（1）and（4）arenot  
discussedinthereport，tyPe（1）maycorresondtoatypcoftheenvironrncntsuchasagricultural  
lands orforests managed by the respectlVelandowners，and type（4）to the case orgloba】  
environment such as ocean，  

Thercasonwechoosethesetwotypesortheenvironmentisrelatedtoasurveyarticlewritten  
byFisherandPeterson（1976）．lntheirartic）e，theyfirstcharacterizedthetradiLionalviewofthe  
environmentasasourceorcxtractivcresource，andthenin［erpretedthemewvicwashavingtwo  
distinctfocusesonthcenvironment；i）auscortheassimilativecapacityoftheenvironment  
（poJJutionprob（crr［），andii）aLternateusesornaturalcnvironmcnts，Thefirstlocusis“simiJarto  

－ 3 －   



SuStainable yicld exploitationorrenewablc resource－both are reversible，CXCePtin casesof  

extremeabuse，aIldbothinvoIveLlowsrathcrthanstocks”（Fisher＆PetcrsoTl，1976，p．2）．The  

secondlocusisconcernedwiththcconflictbeLwcentheuseorextractiveresourcesandtlleuSCOr  

in situ rcsourccs ofa naturalenviroIlment，andis c）osely related to the valuation orthe  

opportul－1tyCOStSOrdcvelopmentactiviticswithhighdegreeorirreversibility，OrtOthevaluation  
orthebeneLhfrompreservationorinsituresources・ThetypeoftheenvirorlrnCntdiscussedinPart  
Iorthe reportisrc）ated tothe firstfocus，and thatin PartlIto tIICSeCOndlocus・Two  
characteristicsortheenvironmcntinFig・1arcchosenbasedontl－Cdistingui5hingfeaturesor  
thcsetwotypesortheenvironmcntdi5CuSSedinthereport〉andaresomehowrelatedtothetwo  
Characteristicsof”publicgood”stated by Buchanan（1968，P：174J177），thedegre？Of  
iIldivisibilityofgoodorserviceinquestionandthesizeorthcinteractlnggrOup（therangeorllmit  
over which theindivisibility charateristic5hold）・   

Ineachpart，emPlricalandtheoreticalworksrclaLcdtothethreeissuesofmanagementgoal，  
systcmormanagementmea5ure5）andinstitutionalarrangementsarepresentcd・Partlcontains5  
chapters・Chapter2through4aremainlyconcernedwiththe山preferable‖systemormanagemcnt  
measure5forachievingaglVenmanagCmCntgOa】・Chapter2reportsatheoreticalmodelforthe  
analysis of wastewater managemenl in a region and its application to the watershed of 
Takahamairiinlet，a Part OrLake Kasurnigaura・The chapter also discusses an economic  
incentivcLechnique，uefnuentchargesリforimplementlngag－VCnWaterqualltyStandard，Onthe  
basisofeconomiccnicicncyandequltyCOnSiderations▲Thoughthemodelpresentcdinchapter2  
doesnotdirectlydiscussthcprobIcmormanagementgoal，themodelhelpschoosemanagemcnt  
goalwithre5PeCttOlevelanddistributionofwaterqual）tytObeattained・Chapter3extendsthe  
workreportedinchapter2▲1nchapter2thepopulationdistributionaswellasthelocationof  
treatmentplantsarcprcdeterminedinthemodel・Chapter3addressestheproblemorhowthe  
heterogeneltylnPOPulationdistributionandrivcrcharacteristics，aSWellasthemanagementgoal  
suchasthetradeLOfrratiobetweenwaterqualitvandleasLcostexpenditure，afTectstheoptlmal  
numberandlocationofsewagetreatmentplants，Wheretheemplricalpartdealswith［hecaseof  
TamaRiver・Chapter4dealswiththeproblemordevislnganeCOnOmica11ypreferablewater  
qualitymonitorlngSyStemintermsofthecostsormonitorlngandwastcwaLertreatmentandthe  
degree orcertainty with which thespecifiedlevelofwaterqualitylS Obtaincd・   

Chapters5and6arespecificallyconccrnedwilhthceconomicanalysesofman’sutilization  
ofenvironmentalresource5inLakeKasumlgaura▲Chapter5presentsamethodologytoevaluate  
productiondamagestTOmdcterioTatlngWaterqualitY，WhichisappLiedtothecaseoraquaculture▲  
Chapter6analyzestheinteracLionbetweennshcrmen，sbehavioralcharacteristicsrcpresentedby  
shorトrunPrOfit50rlong－runPrOfitsmaximizationandecologlCa】characteristicssuchasthe  
predator－PrCyrelationshipsoftheLisheryresources・Thoughthesetwochaptersdonotdirectly  
dealwith the question ormanagement goal，the discussionsin these chapLersimply that  
approprlatelevclorenvironmentalqua］itiesdiffersamongthcuscrsorenvironmenta】rcsourcesL  

PartIIisconcernedwiththesocio－eCOnOmicaspectsorthemanagernentofNationalPark  
regions．Chaptcr7introducestheJaparleSCNationalParksystcmastheareadesignationsystem，  
and analyzes thesocio－eCOnOmiccharacteristicsorNationa）Park reglOnS・   

Chaptcrs8and9dealwiththeeconomicanalysesorman，suti）izationofenvironmental  
resDurCeS・Chapte－8isconcernedwithp代SerVationuseortllenaturalenvironmentandanalYヱCS  
arepresenlativecaseofanewmovementinnatureconscrvationthatisinspiredbytheNational  
Trustin UK・Chapter9analyzes a representative dispute case ofnature conservaLion vs  
developmentandclarifiesthecharacteristicsorthecurrentmanagementmcasuresforNational  
Park，Thoughthisintroductioniswrittenbasedonthen－ameWOrkorsystemsana】ysIS，1nChapter  
lO Editorsurnmariseswhatwelearn fT・Om eaChchapterfrom theperspectiveoreconomics・  
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Chapter2through9arewrittenbyrespectiveauthorsbasedonthefollowlngWOrks，Where  
＝＊＝infrontoftheauthornamerepresentsanoralpresentation，andchapter3and5reproduced  
inthisreportwithsomemodificationofthepublishedarticIcsonbehalfofkindpermissionor  
publishersofJ・Environ・Econ・Manage・，andEnviron・Plann・A・   

Chapter2：  
Kitabatake，Y，，MiyazakiandMLNaito（1977）：“Apilotstudyofenvironmentalconservation   

modeltor Lake Kasumlgaura，”Research Report from the NationalInstitutefor  
EnvironmcntalStudies（abbreviatedas“NIES Report”），No▲1，111r135（inJapanese）  

Kitabatake，Y，，T，MiyazakieLaL・（1980）＝SystemsAnalysisandEnvironmentalPuriLicationorthe   
Tama River，Tokyo＝Tokyu Foundation Lor BetterEnvironment（inJapanese）L  

＊Kitabatake，Y．，0．Nakasugi，T，MiyazakiandM・Naito（1977）：“Apilotstudyofregional   
waterqualitymanagement，，，ProceedingsofIFACSympOSiumonEnvironmentalSystems  
Plannlng，Design and Control，Kyoto・  

＊Kitabatake，Y．（1978）：“AnequitablecostsharingschemeLorregionalenvironmentalquaility  
management，’’Hiroshima Conference ofPease Science Society，Hiroshima・   

Chapter3：  

Kitabatae，Y．andT．Miyazaki（1983）；“Thelocationorsewagetreatmentplantsonacontinuous   
space＝theoreticaland empiricalanalyses，”Environ・Plann・A，15（9），1205－1217・   

Chapter4：  

Matsuoka，Y．andM．Naito（1983）：“StudyonOptimalA1locationorWaterQualityMonitoring  
Points”，NIES Report，No，48（inJapanese）・   
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Kitabatake，Y・（1982）＝“Welfare 
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Chapter 2 

AnIllustrative ModelofRegionalWater  
Quality Management  

Y・Kitabatake，T・Miyazakiand O・Nakasugl  

A】主STRACT  

Anillustrativemode）ofreglOnalwaterquali（ymanagementisdevelopedandapplicdtolhe   
CaSeOrTakahamairiinletirll・akcKasumlgaura・Themodelconsis【soranonlirLCarPrOgrammlng   
modelfor（heeLTicientwastewatertrea（mentsys（embrglVenamOuntSOfdischargedwastes，an  
environTrLentalmodelsimulatlngthe relationships be（Ween discharged was【eloads andwater  
qualities，andanequitablecostdistribution medel・Ourcon（ribu（ionis tocalcula（epoL）u（ion  
Chargedataforarelativelylargewastewatertrealmentmodelandtoemploythischargedataina  
COStdistributionmodcl・SpecificaHy，Lhe nonlinearprogrammlngmOdelistransformedintoa   
dynamicprogrammlngmOdelhrnumericalsimulation・ThedynamicprogrammlngmOdeland  
theKuhn－TuckerconditionsfortheorlglnalnonlinerprogrammlngmOdelgenerate（hepol】ulion   
Chargcda（a・Theequitablecos【distributionmodelconsidersbothpollutionchargcdataand  
WaS【ewater dischargers’ability to pay・  

1INTRODUCTION  

Thetraditionalapproachtorcgionalenvironmentalqualitymanagcment（Davis，1968）isto  
PrOVidetheleastcostsolutionforanyglVenSetOrCOnditionssuchasreglOnalenvironmental  
qualitystandards，Witharecognltionoftherangeorresidualsmanagementaltematives・This  
traditionalapproachischaracterizedbyitsaimorat［ainlngthercglOnaleconomiceEriciencyln  
thefieldorpollutionandthemean5tOimplcmenttheefficientplanisusauallychosenamongl）  
directcontroIssuchas）imitationonpollutantemissions，2）indirectcontroIssuchaspollution  
Chargeandsubsidies（Kamien ctal・，1966；Hass，1970），andzonalpriceandstandardssystcm  
（Tietenberg，1974），dependingonaninstitutionalframeworkorregionalcnvironmentalquality  
management・   

Currentapproacheshavc 
． 

relationship between diLrerentlnStitutionalframeworks and the problem ofeL7iciency and  
distribution（Russele（a／・，1974）withrefbrencetotheconceptorwastereductionemciency．   

Thischapteremploysboththetraditionalapproachandcurrentapproaches・Especiallywc  
dealwiththeproblemofdevislnganefricientwastcwatertreatmentsystemandanequitablecost  
distributionschemeL Section2presents the theoreticalLramcworkorreglOnalenvironmental  
qualitymanagcmentwhichconsists orthreesetsofsubmodels；1）environmentalmodels，2）  
efficiencymodel，and3）equitymodel．Section3developstheefnciencymodelandtheequity  
model・Section4presents anillustrative reglOnalwater quality managcment modelwhich  
COnSidersallofthreesubmodels，andwhichisappliedtothewatershcddrainedtoTakahamairi  
inletin Lake KasumigaurainJapan．  
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2 THE THEORETICAL FRAMEWOR  

ConsiderareglOnWhichhasbeenpartitionedintozoneswithenvironmentalstandards・In  
practice，thepartitionswouldbedifferentLordifrerentenvironmentalmediasuchasawatershed  
andanairshed・We，though，aSSumeinthispaperthaLitispo5SibleLohaveaunlquepartitionor  
theregion・Wefurtherassumethatthereexistsacentralagencywhichhasthesolepoweror  
settlngenVironmcntalstandardsforeachzoneandorbrmulatlngapprOprlaterulestoattainthese  
standerds．   

Fig・1showsschematica）1yanoverallmode川ameworko［thereglOnalenvironmentalquality  
management・Giventhecnvironmentalstandards－oreachzoneintermsorair，Water，SOil  
qua）ities，enVironmentalmodcIssimulatctherelationshipsbeLweentheernissionsofvarious  
components，eaChcomponentrepresentlngatyPeOrPOllutant】WithinthereglOnandthequa】1ty  
orthe receivlng enVironmentalmediain each zone・These models，based on some rigid  
assumpLions，enableustoderivetheso－Called“transferfunctions”（Kneese，1975）whichpassthe  
informationtotheefficiencymodel，COnCernlngthetotalemissionsineachzoneinthcreglOn・   

Primalpartoftheefnciencymodelisconcernedwithanoptlmumdesignorgeneration，  
modiLication，andthetransportofpollutantsinproductionandconsumptlOnaCtivitie5inthe  
region・Theshortormediumtermoptlma）ltyisheredefinedastheminimizationofrelated  
pol】utioncontroIcosLssub］eCttOCOnStraintssuchasthesizeofpopulationandoreconomic  
activities・ThisoptlmalltyCriterionrepresentsaneconomicgoalorallocativeemcicncy，PrOVided  
thatnosubstitutionandincomeeffecscauscdbyapollutioncontrolprogramarea1lowedandthat  
the benefits，SuChasavoidanceordamages，Ortheprogramaresomehowneglected・   

TheequltymOdclisconcernedwithanequitabledistributionofthetotalcoststotheemitters  
orvariouspollutantsintheregion・ThemodelisconsLrainedbythethreetypesorexogenously  
glVendata・TheefriciencymodelsupplleStWOamOngthethreetypeS・Thati5，thetotalcosts  

Fig・1SchematicdiagramorLhereglOnalenvirorlementa】quali（ymanagemen（  
model  
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neededtoachievctheglVenenVironmenta】standardsaresuppliedbytheprlmalpart，andthe  
dualpartsuppliesthevaluesorthedualvariablcs（shadowprices）relatedtotheconstraints．  
ThirdtypeofthcexogenouslyglVendataiseitheronanabilitytopayoronthecentralagencys  
abilitytocollcctfromeachemitterorgrouporemitters・Thetheoreticalimplicationofshadow  
PrlCeSintheequltymOdeldeservesanej（Planation，LeIl】5WrjteIJ・efoIa】costsderivedinthe  
primalpartofthee爪ciencynlOdelasC＝f（z．．．z。），WherethevariablescorrespoI－dtothe  
COnStrainlngraCtOrSSuChasthecapacltyCOnStraintsandthecorlStraintsonthetotalemissions・  
Then，irashadowprlCeLbraconstrainlngfactor，Whichisequaltothemargirlalcostofthefactor，  
isassumed to be theopportunitycostofthefactor，theshadowprlCebccomes theso－Called  
po11utioncharge”（Baumol＆Oates，1975）whichisamqJOrpOlicydeviceinattainingthegiven  

enviriorlmCntalstandards via the use ofprlCe meChanism・   
InspitcofthetheoreticalcIcgance，thediEricu）ticsorthepollutionchargeapproachlieinl）  

itsinabilitytoattainapolntOrgIobalefriciencyinthepresenceofnonconvextiesintheproduction  
Set（Baumol＆Oates，1975）andin2）itsfailureto5erVCaSameanSOrCOStSharingscheme．The  
SeCOnddifricultyisrelatedtothehistoryorthefamous“addingupproblem”（Robinson，1934），  
Thatis，thetotalcosL，C，isnotequaltothesumorpollutionchargesinwhicheachconstrqimng  
factorispaiditsshadowprice（marginalcost），unlessCisahomogencousfumCtionortheLirst  
degree，Sinceitis recognizcd tha［“slgnificant economies can be obtained through the  
COmbinationorwastewaLerflowsincommonsewerswithsubsequenttreatmentataslnglewaste  
treatmentLacility”（WhiLlatch＆Revc＝e，1976），thcfirstandseconddifnculticsseemapparentin  
thcstudyorreglOnalenvironmentalqualitymanagement，thoughweinthischapterdisregardthe  
COnSideration orenvironmentaldamage Lunctions・  

Wethus usethe pollution chargedataas theexogenouslyglVen Variablesin theequlty  
model，Thenitisshownthatanyinequalitymeasuresatis吋ingtheprincipleoftransfers（Dalton，  
1920）derive，undertheprevious threesetsorexogenouslygivenvariables，anequitablecost  
Sharing scheme whichis exactly comperlSatOry tO the totalcost needed to attain the g）Ven  
environmentalstandardsLTheinequalitymeasuressatis吋ingtheprlnCIPleoftransfersinclude  
Suchmeasure5aSthcvariance，Thei］’sentropymcasure，andtheGinicoeEricient，andareshown  
tobeequivalenttothesocialwelfareLurlCtionswhicharestrictlyS－COnCaVe（Dasgupta cLa［L，  
1973）・Thedifrerncebetweentheequitablecostandthepollutionchargeforeachemitter 

． 

SpiritTietenberg’szonalprlCeandstarldardssys［em，butourprlClngdataaremodifiedbyequlty  
considerations，  

3 THE MODEL   

3・1Economicemciencymodel  
We first formulate a rheoretical model for efficient allocation of scarce resources to 

PrOductionandpollutioncontrolactivities，GiventhcmarketprlCeSOfsaleableoutputsandof  
PrOductionfactor，reglOnaleconomicefTiciencylnPrOductionandpol】utioncontrolisachievedby  
maximizlngtheaggregatedreglOnalprofitsu句ecttoasetorcorlStraints・ThereglOnalprofiti5  
defined as the totalrevenue minus the totalcost ofproduclionL The o句ective functionlS，  
therefore，Written as follows：  

Maximize  
J上   

和∫ ′ 三吉気隅‾∑、㌦（三見（V円・椚＋∑Ⅴ鮎m）＋急き．V脚トき．w♪き．ガ町中 m＝1∫＝】  
WherepLrePreSentSthepriceorsaleableoutputi（i＝1…1），qintheproductionofoutputiorLirm  

－11－   



n（nENz）inzonel（l＝1‥・L），Wmthepriceorordirlaryinputm（m＝1…M），Vn．mtheamount  
OrOrdinarylnPutmuSedinthetreatmentprocessesofLirmn，Vn∫mtheamountorordinarylnputm  
usedin thetreatment processesorfirmn，VJ∫LmtheaIl－OuntOfordinarylnPutmuSedinthe  
COJJec（ive（reatmeTuPrOCeSSJjnzonel，Wpthep［jceofjojntjr・PUtJ）U）＝J・・・P），andV′中the  
ahountofjomtlnputeXpettdedbYtirmTZLThecollectivelreatmentfaciltiesareassumedtobe  
constructed by thecentralagencyforeachzoneifnecessary・Thesymbol5（∫＝2‥・S十1）  
COrreSPOnds to the type orpollutants・  

Thepreviouso句ectiveLunctionistobemaximizedsu句ecttocertainconstraints・TheEirst  

constraintsetspecifiesthestructureorproductionsectors，basedonthemodelofgenera】izedjoint  
production（Whitcomb，1972），andis wriLten for the n－th firm as follows：   

F月t（qニ，Ⅹヱ，Vご．∵昭）＝0  

Fn，（XnJ，Wn。V：∫，Xn”Vn∫）＝O for∫＝2・・・S＋1  

where  

X′ぴ≦X。∫  br∫＝2∴・∫＋1  
（1）  

andwhercF乃】（）istheproductionfunctionoffirmnENlandFn∫（）isthccorrespondingtreatment  

function orfirm n for the∫－th pollutant・The arguments have the follow）Ilg meanlng＝   

q三＝（qn．▲・qn［）；aVeCtOr．OfsalebleoutputsofLirmn  

X言＝（Ⅹ刀2・・・Ⅹ”∫十l）；aV’eC【ororpoJluはn【sge∫】eratedlhrough【heproductjonproce5SOr  

ti＝11′！  

VTl＝（V州・・・VnlJtl）；aVeCtOrOrOrdinaryinputsusedintheproductionproce5SOrfirrn   
V雲・＝（Vnl▲L・V坤）；aVeCtOrOrjointinputs used by firm n  
Xns；an amOunt OrPOl）utant emitted from∫－th treatment process offirm n  

V：＝（Vn，L・・・V肌14）；aVeCtOrOrOrdinarYinputsusedinthe∫－thtreaLmentprocessor11rm  

Inordertoexplaintheremainingarguments，Wn．andVn∫，themeanlngOfjointlnPutSmuStbe  
clarined．Ajointinputishcredeflnedasthatinputappeanr）ginboththeproductionfunctionand  
thetreatmentfunctionsoreach爪rm・Oneexampleiswaterwhichisusedinproducingoutputsas  
wellasanlnPuttOthetreatmentprocessesofwaterbornere5iduais・Anotherexampleisfuelorits  
equJVaJen（ga5VDJumel】Sedir・boththeproductionprocessandthetreatmentproce5S，OrgaSeOuS  
residual▲OurdeLinitionor“jolntlnPut”isslightlydifrerentLromWhitcomb’soneinwhichajolnt  
lnputistoappearinallequationsorfirm’sproductionset・WerequlrethatajointlnPutisto  
appearnotnecessarilylnallequatiorlS，butinmorethantwoequationsoffirm，sproduction5et▲  
ThusVn．，aneIementorV£，isthejolntlnputuSedbothinproducingsaJeabJeoutputsandin［he  
∫－thtreatmentprocessoffirmn・Anypollutant∫emittedfrom抗rmn’streatmentprocessJIS，  
therefore，Characterizedby（Xn。Vn∫）・WnJisapartofthejointinputVn”Whichispassedtothe  
Centralagencyforftlrthertreatmentorthc∫－thpollutanttype，WheretheremainlngPart，V，．｝－  
WnJ，isdirectlydischargedintheenvironmentalmediainzonelinwhichfirmnislocatcd．Thc  
socムndconstiainlSetチrisesfromthepreviousdefinitionofWn3andiswritterLaSfouows：  

W〃∫≦Vn．Lbr∫＝2…S＋1and neNL（l＝1・・・L）  
（2）   

ThethirdconstraintsetspeciLlesthetreatmentprocessatcollectivefaci）iliesprovidedbythe  
Centralagency：   

り．（ぢ。叫”杓．，l竹∫，咋）＝O fbr∫＝2・‥∫十】  
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勘∫′＝k∫l㌦l≧∑（XⅢWJV那）＋X〃∫Ifor∫＝2■・・S＋1arldl＝1・・・L （3）               れ∈N‘   

where   

Xl，＝（XJ，．・・LXJsL）；thevectorofthe∫－thpollutan［emitted丘omtheco］1ectivetrcatTnent  
hcilityln eaCh zcけ－eJ   

IYJ∫；the totalamount ofthe∫－thjolntinput collected by the centralagency   
Wj，＝（1～レ1・・・WJ，L）；thevectororthe∫－thjointinputtreatedatthecollectivefacilityin  

each zone   

XJ∫t；theupperlimitonthetotalmassorthe5－thpollutantcollectcdbythecentralagencyin  
ZOnel，glVen the totalamount ofjolntlnput，W♪L   

V票＝（VJ∫′m）（l＝1・L・L；m＝1・‥叫；aLbyMmartrixorordinaryinputsusedinthe∫－th  
treatment process orthe collective facilitesin the reglOn  

kJ；the concentration orthe∫－th pouutantin emuent flow丘om the collective facilitics  

X〃5J；the totalmass orthe∫－th pqllutantgerleTated by householdsin zone g▲  

TheLourthconstraintsetisprovidedbytheenvironmentalmodelsandspccifiestheupper  

limit on the totalemission orthe s－th pollutant typein each zone as follows；   

XJ∫十 
n， 

（4）  

WhereLsLreprCSCntStheupperlirr．itollthe∫－thpollutantemission（∫＝2‥▲S＋l）inzonc／（l＝  

1▲・⊥）．  

ThefifthconstraintsetisrclatedtothemassbalanceequationforeachjointlnPutWhich  

Carries the specific pollutant type：   

′喜作㌔WR∫＋吾W仇′＝烹W′∫′  （5）  

WhereWfhLCOrreSPOndstotheamountorthe∫－thjointinput（∫＝2‥・S＋1）generated by  
l－OuSellUldsin zoneJ（J＝1‥・エ），  

Wenowassumethattheproductionfunctionaswellasavectorofsaleableoutputsforeacll  
firmisexogenouslyglVen tOOurPartia】equilibrium，Optmizationmodel．Inotherwords，the  

rangeormanagementa）ternativesavailabletothecentralagencylSaSSumednottoincludesuch  
OPtlOnS aS Shutdown or scaledownorwaste－generatlng PrOduction activlty，1ntCrnalprocess  
Change，andrecoveryandrecycIcorresiduals，buttobelimitedtoend－OF－Pipetreatmentofthc  

WaSteSandpublicinvestmentincollectivetreatmentfacilities．Fig．2describesthestructureor  

reg10naltreatment system consideredin this paper・   
Theas5umPtionjuststatcdenablesustol）disregardtherOduclionthnctionsinthcnrst  

COnStraintseta一一d2）toexcludeseveralvariablesiTOmOurOPtlmizationproblemduetoLheir  
COnStanCies．Furthermore，1tis sometimes easier to obtain data on the cost丘1nCtions than to  

Obtaindataonthetreatmentfunctions・Onemayrewritetheprcviousob］eCtivefunctioninterms  
OrCOStfunctions，WithreferencetothetreatmentLunctioIISinthefirstandthirdconstranintsets：  

Minimize  

．′】叫 ミ茎烹C那（Xれ∫，W那，XⅢ，V“）＋∫≡㌘♪（羊i∫，咄ち∫，W′∫）  （6）  

WhereCAf（）isthetrealmentcostfu聖tion短the∫－thpollutanttypelornrmninzone［，inwhich  
thevectorofgeneratcdpollutants，（X乃2‥rX”S＋．）andthevectororjointinputs，（Vn2・・・Vns．．），  
arebothexogenouslygivendata・（㍍（）representsthetreatmentcostfunctionforthecollective  
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Fig・2 ThestructureorreglOnaltreatmcnLSyS（em   

treatmentorthe∫－thpollutant・lnsum，thepr子malpartoftheeLnciencymodelistominimize（6），  
thesumorprivatetreatmentcostsandcollectlVetreatmentCOStS，SutUeCttO（1），（2），（3），（4），（5），  
and non－negative conditions for theendogenousvariablesofthe model・   

Thedualpartortheef7icierlCymOdelisbasedonthefo1lowingLagranglarlfunction：  

∫＋l C那（Ⅹ”∫，Wが）＋長町（吋”叫∫）羊′∫，町∫）  上＝ ∑ ∑ ∑  
J＝1〃亡Nトー＝2  

＋∑∑α∫′（笹∫′＋誉ね∫（V郁Wn∫）／V〃∫‾LJ′） J＝2J＝1   

5＝2J＝1nENJ  ∫＝2  ．刀 ＋∑∑∑γ〃∫（W那‾V〃∫）十∑β∫（き㌔†舶＋∑W銑′【∑叫∫′）                       J＝1    J＝】   

∫＝2′＝l円仁N ′＝】∫＝2  ＋ ∑ ∑ ∑ ∂肘（X〃∫一Ⅹ”．）＋ ∑ ∑ β∫′（‾羊／r′＋ ∑Ⅹn∫W那／V柁∫＋Ⅹ〟∫′）  J             〃FNノ  （7）   

We then obtain as Kuhn－Tucker conditions（Luenberger，1973）；  

∂L／∂W，u＝∂CJ∂W那－α，［（X旧／V那）十γA，＋P∫＋0∫′（XJVn，）≧o  

W月．∂上／∂W耶＝0  

γnJ（W”∫－Ⅴ鮎）＝0  

γが≧0  

∂L／∂Xns＝∂CJ∂Ⅹ月，＋Ll（Vnl→W′U）／Vn∫＋∂n，＋0∫JWJVA，≧O  

X加∂上／∂Ⅹ那＝0  

∂加（X〃∫－Ⅹ耶）＝0  

∂那≧0  
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∂エ／∂lりJ＝∂C、J∫／∂1り】－β∫＝O  

Wノ．′∂上／∂1り∫′＝0  

∂上／∂Ⅹ♪＝∂qル／∂Xル▼♂．′＝O  

Xル′∂上／∂羊ル′＝0  

where we disregard those conditions which are not necessarl】y needed for calculation and  
interpretationorshadowprlCeS・ThcfirstLagrangemultiplierset〉a∫J）istheshadowplrCeOfthe  
s－thpouutantcorLStraitltinzonel，themarglnalsocialco5tOfarLincreaseinthestrlrLgenCyOrthe  
∫－thpollutantemissionconstraintinzonel・ThesecondLagrngemultiplierset，P∫，istheshadow  
prlCeOrtheflowconstraintonthe∫－thjointlnputflowinglntOthecollectivelacilities，and，aS  
equation（10）shows，isindependentofwherethejointinputistreated・P，，thus，rePrCSentSthe  
marglnalsocialcostoranincreaseinthes－thjointlnputCOllectedbythccentralagency・Thcthird  
Lagrangemultiplier，e∫L，istheshadowprlCeforzonclorthcconstraintonthecollectivcfacilities’  
ability to treat the pollutant type∫for a glVen amOunt Ofthe∫Lthjointlnput▲   

In order tointerpret thc rourth Lagrange multiplier set，γ瓜，We Obtain the Lollowlng  
relationshipfor each托∈ N～丘om theeq11ation set（8）二  

γn∫＝a∫LXnJVn∫r（∂CJ∂Wn，＋P，＋e∫√XJVnJ）≧O ifW旧＝V〝，  （12）  

Thefirsttermontheright－handside（RHS）of（12）isthemarginalbenefitofnotcousurning∫－th  
pollutantconstraintinzonel．Thesccondtcrminparenthesisrepresents，aSaWhole，themarginal  
COStOfpasslngtOthecollectivcfacilitiesthe∫－thpollutantemittedbyfirmnandcharacterized  
by（X几，L，WnJI）．TheleLt－handside（LHS）of（12），γ柁S，isinterpretcdasthemarginalopportunity  
costoftheTl－thr）rm’scapacltyCOnStraintonthe∫－thjointlnput．Similarly，Wehavethefollowlng  
relationiTOm the eq11ation set（9）：  

8n∫＝－∂CJ∂X鳳一．（a∫，（Vn∫LWn∫）／Vn∫十0∫IWnJV′U）≧O irXn3＝X札．（13）  

ThefirsttermontheRHSof（13）isthemarginalbenefitduetoanincreaseinthcmaximum  
amountofthe∫－thpollutantemissionbytheTZ－thfirm・Thesecondtermintheparenthesisisthe  
SumOfl）thema：ginalcostorconsumingthetotalemission？nStraintorpol）utanttypeJinzon？l  
and2）themarg】nalcostortouchingonthecollectivefacilitlCS’abilitytotreatthe∫－thpollutant  
type．TheLHSor（13），then，rePreSentSthcmarginalopportunitycostoftheTl－thfirm’sconstraint  
On the totalemission ofpDlllltant tYpe5・  

TablelshowstheprlClngSChemcorthesettlngOfpollutionchargcinattainigthcg．ven  
environmentalstandardsineachzoeViatheuseorshadowpriccdata，PrOVidedLhatl）the  
sufriciency conditons for minimizatlOn are Satisfied and2）thc centralagency operates the  
COllectivefacilitiesinawayspecifiedbyKuhn－Tuckerconditions・TheprlClngSChemespecifiedin  
TablelenablestheprlVateSeCtOr’sdecentralizedcostminizationeffortstomeetKuhIl－Tucher  
conditions which represent the necessaryconditionsfor thesocia11yoptlmalconfigurationor  
POllutioncontrolactivities・TheprlVateSeCtOrhere，however，doesnotincludethehousehold  
SeCtiorwhosepo11utionloadsarcexogenenousIYglVendatatolheccntralagencY・Asismentioned  
inSection2，thereisnoassurrancethatthemoneysumcollecledthroughtheprlClngSChemeis  
CqualtotheLotalcostrlCededtoexecutelhce爪cientcon爪gurationofpollutioncontrolactivities・   

3・2Eq11itable eostdistributionmodel  
Theproposedequitablecostdistribution modelLLSSpeCiLied below，Wherefornotational  

COnVenience we disregard the sumx representlng thelocation oreach emitter：  
Choose the values orylthrough ym so as to minimize  
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TablelSettingorpol】utiorlChargefor【hcalternativecasesorirldividualand  
collcctivelrealmentl）  

FIRM   

no col】ective trea【ment  pay A  pay A＋E  

佃7。S＝0）   

partiall）・trea【ed at（Ol】ective  

faciIiし）■   

（0くIV。已＜V。S）  

whol】y treated at co】lective  

faci】i〔y   

（W椚＝Vms）  

〃OUSEfJOLDS  

ir（3）is not   

bi爪di爪g  

if（3）js bindjng  

汗（3）is not  

bjnding  

if（3）is binding  

pay A＋C＋E  汗（3）is巾Ol  

bj刀djng  

pa）・∧十B＋C＋Eif（3）is bindjng  

pay r）＋C＋E if（3）is nol  

binding  

pa）・D＋C＋R＋Ei【（3）is binding  

汗（3）is nnlbinding  

if（3）js bjndi】lg  i：：；…＋。  
1）Eaeh symbolis wrilten as fo11QⅥ・S．   

A＝吾α∫′X〃5（豊）C＝雪βsw〟g，E＝号∂爪5Ⅹ口51G＝誉βsX付言ト   
B＝雪e5XnsW“／Vn苫・ D＝亨γnsWn∫▼ F＝雪βswH5・・  

（1ヰ）  巧y卜．yA∫；P．▲■・P－V）   

Su句ect to the constraints  

O＜Y爪≦Cm／C for m＝1‥・〟  

羞．ym＝1   

where  

C；the totalcost derivedin the prlma】part ofthe efriciency model  
Cm；theabilitytopayfororthecentralagency’sabilitytocollectLrom them－thcmitter  

（group oremitters），Which are exogenously given data   
ym；theratioorthecostshared by them－themitter（grouporemitter5）tothetotalcost   
Pm；theratioofthepollutionchargemposedonthem‾themitter（groupofemitters）tothe  

totalpollutioncharge・TheseratlOSareglVenbythedualpartorthee一石cicncyI¶Odcl・  
We now prove the followlng Proposition，   

Propo5itioI11：  
Thefo1lowlngprOCeduralstepsrcpresenttheoptlmumSOlutionfortheproposedequilable  

costdis［ributionmodel，PrOVidedthatl）weuseasob］eCtivcrunctionstheinequalitymeasures  
satis吋ingtheprincipleortransLcrs，and2）thesumortheabilitytopay（abilitytocollect）datais  
greaterthanthctota）cost，WheretheprlnCIPleoftransfersistakentomean，1nOurCOrltCXt，thatir  
wemakeastrictlypositivetransferordistributedcost丘omanemitter（grouporemitters）witha  
valueofyJpm，SayD，tOanyemitterwithavaluelessthanD，thisoughttoIcadtoastrict］y  
positive reductionin Lhcindexorinequality；  
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Stepl：Calculateforeachemittcr（groupofemitters）mthesharedcostymCforthecasein  
which y研／pm＝1holds  

Step2＝Callthesetorthoseemitters（grouporemitters）aslgroupinwhichthedistributed  
COSt yiCisless than thc abilily－tO－pay data，Ci  

Step3＝Callthesetorthoseemit［ers（grouporemitters）asIgroupinwhichthedistributed  
COSt，yP，isgrcater than orequalto t？e ability－tO－Pay data，CL  

Step4＝Foreachemitter（gropOfemitters）linIgroupcalculatey［／p′Where 
． 

obtain∈d  

y‖仙】≦y佗／pJ2≦・・・≦y′m／p′爪 brJ．・JmEi  

Step5：Foreachemitter（groupofemitters）iinIgroup，Calculatethedistributedcost，yiC，  
in such a way that the following equalitylS Satisfied   

yノp上＝（1一 箪y〟（l－ ∑＿pJ）briEI  
J‘l  Jり   

Step6＝IncasethatyE≧CJCi至Obtainedforanyemitter（groupofemitters）iinIgroup，  
put the emitteriintoIgroup and return tostep4，   

Proor・   

TheproofisgreatlysimplinedbyuslngtheLami）iarLorenzcurve，Wherebythepercentages  
Ofthepo11utioncharge，Whicharearrangedintheincreasingorderorym／pm，arerePreSentedon  
thehorizontalaxisandthepercentagesorcostsharedbythebottomx％orthepollutionchargeis  
Shownontheverticalaxis，Fig・3showstwoLorenzcurves・Lineofabsoluteequalityrepresntsthc  
Situationinwhicheveryemittersharesthecostproportionaltohisshareofpollutioncharge．Itis  
easlly sccn，inlhe prcsencc or constraint on the ability to pay，that any Lorenz curve  
COrreSpOndingtoafbasiblesolutionorLheequitablecostdistributionmodelmustliebelowthe  

l
の
0
0
P
巴
空
の
ー
0
中
旬
空
亡
0
2
¢
d
 
 

P訂CO爪ag00†p01Mlonく〉hargo  

LFig．3 Lorenzcurves  
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diagona）・LetustreatLorenzcurveAasthecllrVeOrrePreSSentlngtheoptlmumSOlutionspecificd  
inProposition・ThenwecansaythatanyotherLorenzcurvecDrreSPOndingtoanyotherfeasible  
501utionliesstrictlyoutsidetheLorenzcurveA，Wherei‘strictlyoutside”istakentomeanthatthe  
Loren2，CurVeOfBliesnowhcreinsidethatorAandatsomeplace（atleast）itliesstrictlyoutside  
thelatter．Furthermore，itha5beenprovedthatLorenzcurveAcanbereachedfromanyLorenz  
curveoutsidethatorAbythcsucccssivetransfbrofdistributedcostfromanemitterwithavalue  
ory，Jpm，SayD，tOanyemitterwithavalueles5thanD（Rothschild＆Stiglitz，1973）LTheproor  
flollowsdirectlyfromtheprlnCIPleortransfersunderwhichourinequal】Lymeasuresalways，by  
definition，glVe the minimum value to the Lorenz curve A・  Q・E・D・  

4 ANILLUSTRATIVE MODEL   

4・1Description ofth巳副山dy area  
The area under cosiderationi5 the watershed drained to Takahamairiinletin Lake  

Kasumigaura（seeFig・4）・WaterqualitylevelofTakakamairiinletwasabout3・14ppminterm5  
0rannuralaverageofmonthlYCODconcentrationin1968・Thiswasdeterioratedinto7・71ppm  
in1976．On the other hand，Lake Kasumlgaura，Which contains Takahamairiinlet，WaS  
designated the water quality standard or class A which requlreS tO aChieve the COD  
concentration of3ppmin comparison to the current state or7．8ppm・   

ThewatershedinquestiorlCOntainstwocitiesandeightmunicIPaltownsLTheCODload  
generatedin this areaisin the following＝industry sources generate60％，household9％，  
s［ockbreedingsector27％，andagriculturallands4％，reSpeCtivelyofthetotalloadsgeneraled・  
Industrysoucesaremainly composcdorLwoindustrialcomplexesinIshiokacltyandinthe  
vilIageorTamarl，andfourlarge－SCalefoodcompaniesinIshiokac）tyandinthetownorMinori・  
Thesefourfoodcompaniesshare70％orthetotalCODloadgeneratedbythcindustry5eCtOr・  
Withregardtohouseholdsector，CityofIshiokacounts40％orthetotalpopulationincludedin  
thestudyarea・Furthermore，thereglOnisnationallynotedforitshograising■Thisfactisrcflected  
in alarge CODload share orstockbreeding sector，relative to other reglOnS・   

ApilotareaischosenfromtheTakahamairiwatershedfortheanalysISinSection4・30rthe  
efficienttreatmentsystemconcernlngindustryandhouseholdwastewater・Thusthewasteload  
generated byindustrie5and householdsin the pilotarea becomescontrollableload†or the  
following analysis・These data are estimated on the basis ordata avai）able EromJapan  
EnvironmentAgencyandthcMinistryorConstruCtion，Japan（1974）・Ontheotherhand，the  
hllowingwasteloadsconstituteuncontrollableloads＝1）CODloadsdischargedbyallindustries  
andhouseholdsinthewholewatershedareaexcludingthcpilotarea，Whichisestimatedbasedon  
the assumption that the COD concentration ofallefnuentsis40ppm；2）the CODloads  
dischargedbythcstockbreedingsectorandthenaturalloadsfromfieldsinthewholewatershed  
area，WhicharesIsoestimatedwithdataavailableformJapan EnvironmentAgencyandthe  
MinistryorConstructionJapan・Theseuncontrollableloadsarepassedontoscction4・2asthe  
influcntloads to Takahamairiinlet．  

4．2Environment mdel   

TakahamairiinletorLakeKasumlgauraisdivided，foritsmathematicairepresentaion，1ntO  
5sectionswiththeareasshownin Fig・5，eaChofwhichisessentiallyhomogeneousinwater  
quality・Withinasection，al）parametersareconsideredunilorm，althoughtheparameterscanbe  
variedfromsectiontosection．Fig，65howsthatthehydraulicsectionswhichcomprisethemodel  
areidealizedas5compartments・Foreachofthesccompartments，amaSS－balanceequationis  
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Fig・5 DivisionofTakahamairiinlet   

writenforCOD，andthisresultedinthe51irleardif7erentialequationsbasedonthephysical，  
hydrologlCal，and biochemica）characteristics ofthe section・Theequations areas fol】ow5＝  

V】dCl／dt＝Ⅰ．．＋L；rQ．2CL＋RIVI  

V2dC，／dt＝L2＋f．；－（Q23十Q2ヰ）C2＋Q、，C、＋Q，2C，＋Q．？C．＋R，V？  

V3dC3／dt＝f．，＋L；－（Q32＋Q3，）Cs＋Q2，C2＋Q，。C。＋R3V，  

VヰdCヰ／dt＝＝Lヰ＋Li一（Q42＋Q4，＋Q．6）C4＋Q24C2＋Q54C5＋R4V4  

V，dC5／dt＝L5＋L；一（Q53＋Q5ヰ）C5＋Q35C3＋Q45C4＋R5V5  （17）  

where  

Rf＝－k】‡Cl＋k2iPi（f＝1‥・5）   

k．i＝decay coefricientin thei－th watersection（l／d）   
k2i＝dissoIution coefficient from totalphosphorous（／／d）   
Pi＝toLalphosphorusconcentratioOfthei▲thwatcrsection（ppm）   
YL＝vOlurneorthei－thwatersectlOn（rn3）   
t・L＝COntrOllableemuentload tothei－thwatersection（ton／d）   
L；＝unCOntrOllable efnuerltload to thei－th water section（ton／d）   
Qu＝advectiveflows丘orn thei－thwaterscctionto thej－thwatersection  

Uこ2■・・6，i＝1・・・5）（m3／d）  

CL＝COD concentration ofthei－th water scction（ppm）  

A sutablc boundary condition for each sectioni5g】VCn by：   

C∫＝C伽  atJ＝0， hri＝1‥・5  
（18）  

Theequations（17）simplystatethatthetimerateofchangeofthesubstanceCisequaItothe  
difrerence between the sum of’the amount ortotal1nput and dissolution，and the amour）t  
discharged andlostbyitsdecayln aWatCrSCCtion・Thesystcm coefricierltSareeXtremely  
importantsince［heylmPlyagreatdealaboutthcinlet，5PrOPer［iesandbehaviourssuchasthe  
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decayrate，Sedimentation，absorpt10n，multiplication，anddissolutionorsubstance・Someorthcse  

coefricients are Lundamcntalin nature and can bc derived based on theliteratures（Chen＆  

Or）ob，1975；Thomann，1972；IbarakiPrefecturalGovernment，1972）▲Others are stillquite  
emplrica）and must be estimated・   

ILshou）dbenotedthatthedecaycoefricientskLiintheequationsrepresentthetotaldecay  

rateorthesedimentation，absorp［10n，biologlCaluptakeand multlPlicationofCOD，and are  

derivedn．omtheXPerimentaldata（ThcMinistryorConstruction，Japan，1973）・Onthcother  

hand，thedis501utlOnCOeLncientsRiarCCmplricallyestimatedbyaparamatcrfittingtechniquc  

utilizing theleast square mcthod（NaitoelalL，1969）・  

Thi5 mOdelalso rcqulreS WCathcrinrormaLion concernlng air temperaturc，rainfalls，  
evaporationrates，andwindspeedwhichareregularlyreportedbyJapanMeteoro】ogicalAgency  

（TheJapanMetcorologica】Agency，1972）・Thehydrologicaldataofinletaretaken丘omwater  
resoucesdatapublishcdbytheMinistryofConstruction，Japan（1974）・TheadvectiveflowsQむ  
betweensections，however，areCalculatedfromtherateofrainfall，eVapOration，andsurfaceflow  
whichis assumed to be approximately2－4％ormean wind speed■  

Fig．7showstheresultsorthewaterqualitysimulationthroughout5ycarsforthevaluesof  
ParameterS and constantslistedin Table2．  

Asetorwatcrqualityprof11esintermsofCODisillustratedinFig・8，PrOVidedthatLland  
L2are rang】rlg from O to200and O to200kilograms per day，reSPeCtively・  

l：】l   
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rig・7 5yearforecas【orCODconcentra【ion  

Table2 VaLuesorpara［Tle［ersandconゞtaIl［s   

Wa［ersection  V  L  
1  P  k．   k2   

number   106m3  t／d  t／d  pprn l／d l／d   

Ⅰ   5．489  0．1  2．381  0，08  0．05  0．00   

Ⅲ   15．23   0．1  0．072   0．08   0．OZ   O．64   

m   12．87  
－  1．904   0．08   0．03   0．64   

Ⅳ   13．53  
－  0．013  0，06  0，03  0，50   

Ⅴ   15．24  0．035  0．06  0．03   0．50   

4・3E爪ciencyandeqllitymdel  
BasedonatargctwaterqualitylevelwhichspecifiesthevalucsorLlandL2，thissection  

COnSiderstheprobJemofdeterminlngthelevelsorwastewatertreatmentaccomplishedateachof  
anumberoftreatmentfacilitieswhicharctobeconstructed，andthatofdistributingtheneeded  
totalcDSt．  

4．3．1Waste treatmentalternatives   

Table3categorizesthetotaIor468indus［rysourcesinthepilotareaintoninegroupswith  
regardstothequantltyOfanindividualwastewaterandaleve］ortheCODconcentrationprlOrtO  
treatment・Household sourcesin the area are treated onegroup as awhole・  

TreatmentLaci】iticsarcassumcdtobeconstructed（汀necessary）ateachorthe468individual  
industrysources・Thewholeorapartoftheefnuentfromeachprivatetreatmcntplantiseither  
l）dischargedintoearbyriversnowingintothebottomreachorTakahamairiinlet，Or2）be  
COllectedinamunicIPalsewertobetreatedatmuniclpalplants・Themainsewer，WhichrangeslO  
kmindistance，alsocollectsthewholeamountorhouseholdswastewatergeneratedinthearea．  
Municipalplantsare 

， 

to exceed some criticallevel・Thi51evelis se［at500ppmin thefo1lowlng analysIS．   
Nex［，itisassumedthateachirldividualindustrysourcesinthesamegroupemploysthe  
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（ppm）  

2．95  3．00  二i．05   〕．10  （K穴／Day）2．90  
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＋Sec亡lon I  

＿一一■Sectlon 工Ⅰ  

Fig，8 WalerqualltyreSPOnSe（OefnuenLload  

Table 3 Grouping oFindustri sources 

Quantity（t／d）  
10  50  500   

COD concentration 

prior to 

treatment 1500 3  1  1  

（ppm）   

350  71  4  4   

20  354  27  2   

Same treatment teChnologY．Alternative treatment tYpeSislerms of thc e爪uent COD  
COnCentration，aVailabletoeach50urCegrOuP，arelistedinTable4withotherdatarelevanttothc  
fo）lowlnganalysis・Forexample，thefirstgroupmayreduceitsCODconcentrationLrom1500  
PpnltOanylevelchosenamong1500ppm，350ppm，80ppm，10ppm，and4ppm・Onthcother  
hand，municIPaltreatmentplantschooseoncamongthreetreatmenttypes，20ppm，10ppm，and  
4ppm・Table5describesthecombinationorunittreatmerltPrOCe5SeSCOrreSpOndingtoeachtype  
treatment，Wherethevariablesusedinthetableimpliesthefollowing：BBisdilution（4times），  
AApreliminarytreatment，AIconventionalprlmarySedimentation｝CIconventionalactivated  
sludge，C6high rateactivatedsludge，F2two－Stage tertiarylime trcatmcnt，DLiltration，E  
activated carbon，andlion exchange▲  
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Table4Inputda（atotheefrlCiencymodel  

Zone Source group AmourLt OL generated Alternative treatment  Totalamount of Number of  

number  CODcoTLCn．（ppm） typeirltermS OIemitted jointinput（t／d） group number  

xれ′  COD〔OnCn．（ppm）  v。．  P（n）  

4
 
▲
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
■
4
 
 

0
 
0
 
0
 
＜
U
 
O
 
O
 
ハ
リ
 
O
 
O
 
O
 
 
 

30  3   

710  71  

50  1   

200  4  

2000  4   

500  1  

3540  354  

1350  27  

1000  Z  

17510  

1  1  

2  

3  

4  

5  

6  

7  

8  

9  

1500  1500 350 80  

350  350 80  

1500  1500 350 80  

350  350 80  

350  350 80  

1500  1500 350 80   

20   

20   

20  

10（Househo】ds） 100  

Tabe15 Combi［1ationorunittreatmentprocessses  

T）・PeO†treatmentinLermsoferr】uentCOD（p白m）  

350   呂0  10  4   

Inrlue叫COl）1500  BB 8＋AA＋Al十CIBB＋AA＋Al十Cl＋FZ十n＋E f主B＋AA十Al＋Cl十F2＋D＋E   

c（）nCentraしioll  

（ppm）  350－100   AA＋Al＋CI   AA＋Al＋Cl＋F2  AA＋Al＋Cl＋F2＋D十E   

20   AA＋Al＋E＋E   

4．3．2Mdellormulation   
Ourmodeldealswiththecaseofone 

． 

WaSteWater treatment SyStemis formulated as fo1lows；  

Minimize  

代W抽Ⅹ月】，帆し帖X／】1，Ⅵリ】2，㌔】2）  

Su句ect to  

∑x〝1（V乃l－W乃1）／1000＋Xノ1】≦L－ 〃＝＝】  

■ X／】2≦L2  

W月1≦Vけ】 br〃＝ト・9  

竺月1≦Ⅹ”1≦文月】ぬ川＝1…9  

準／‖ ≦Ll  

叫】1＋叫】2∴≧㌣”l‾W〟1】＝O  

W〝】≧O for〃＝1・‥9   

1りⅢX／ⅢWノ12，革／】2≧0  

（19）  

O
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n
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where   

qW抽X〝1，町1l，斗‖，W′】2，ち12）＝〝萱】】TC”（x〃－，V乃】）十PC爪（W叩】）事  

＋り1】（W／ⅢⅩノ1】）十り12（1り12，Ⅹ／】2）十g（1牛‖，W．／】2）  （28）  

1nterpretation orvariables a－e aS（o1lowsこ   

IVJIL＝thcamountofwastewaterflow treated at the first rrlunicIPalplantin zone）   
1隼12＝theamountorwastewaterLlowtreatcdatthesecondmunicLPalplantinzone2   
XJ）1＝theamountsorCODload dischargcd from the LlrsL municIPalplant   
XノL2＝the amounts orCOl）load discharged Lrom the sccond municlpaIplant   
Vn］＝thc totalorthe wasLewater flows generatcd by the n－th source group   
xnL＝thetreatmcntlevel，1ntermSOrthcconccntrationorCOI）load，Chosenbythen－th  

SOurCe grOup   

克〝1＝the upperlimit ofthc treatmentlevelchosen by the n－th source group   
竺n）＝thelowerlimit ofthe treatmentlevcIchosen by the n－th source group   
TC〟（）＝theanualiヱed treatment costfunctionforthen－th sourcegroup   
PCn（）＝theanua）izedpipingcosthnctionforthctransportofwastewaterfromthen－th  

SOurCe grOuP tO the main sewer  
ー
 
1
二
 
 

′
′
 ハ

1
 
 

′
 
 

r
n
】
▲
h
臥
 
 

th巳anualized trcatmenlcost（unction（or the Grst munlclpalplant  
the anualized treatment cosL function for thc second municipalplant  

theanualizedpiplngCOStfunctionforthetransportorwastewaterthroughthemain  
sewer lo the municipal treatment plants 

Anualizedpipingcos［functionassumestheLc・1lowingLorm（ThcMinistrYOfConstruction，Japan，  
1974）：  

［g（1＋げ／（（1＋i）爪－－1）］（10．69什0．3261）悶p［（1．0145－0．0092h）2而  

where   

i＝discount factor assumed O．07  

m＝dcpreciation periods assumed30years   
h＝burylngdepth assumed2m Lor collectlng SeWerS and4m for thc main sewers  
Z＝flow velocity through sewer a5Sumed2m／s  
曾＝now rate（t／d）  

d＝distanceofsewersassumedO．5kmLoreachcollectlngSeWer，10kmlorthemainsewer  
tothefirstmunicIPalplant，andlOkmforthcrnainsewerconnectlngtheLirstandthe  
SeCOIld munic】Palp】ant．   

As to the anualized treatment cost hlnCtion，We refcr to the study done at the U．S．  
EnvironrnentProtectionAgency（VanNoleetal・，1975），Whichspecifiestheanualtreatmentcost  
foreachunittreatmentprocess・ThecostequationsLorourtrcatmenttypesarebasedon［his  
Study，WherctheparametcrvaluessuchaslandpriceandwhoLesalepnceindexassumedthe1973  
Values．Fig．9illustrates，intcrrnsorunitcost，OneOfthecostfunctionsusedinthenumerical  
COmputations o－the model．  

Theconstrainedminimizationproblemof（19）through（27）istransformedintothefollowing  
Lagranglan hlnCtion   

エ＝代Wガ】，Ⅹ月l，Ⅵし】1，Xノ】l，l隼12，X／12）  

＋α】1（∑Ⅹ〃】（V刀】－Wn】）／1000＋事理－L】）＋α】2（準／12－L2）  
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FigL9 UnitcostforaplantrcduciLlgCOI）content呈from350pI］mtO4ppm  

十字γ刀1（Wねl－V〃】）＋∑∂”】（x汀1‾文刀l）＋∑β”（－X月1＋竺”】）  

＋∂ノl－（斗1】－t】）＋β（W′11＋町12一言W”l－W′′11）十字〝乃（－W”．）  （29）   

WherethesymboIsaresimilartothoseinequation（7）．TheKuhn－Tuckerconditionsarewritten，  

in this case，aS fbllows：  

†（3。）  
∂上／∂lV打】＝∂打∂W刀1＋α11卜吏〃－／1000）＋γ和．－β－〃〝≧O  

W〝■∂上／∂W”l＝0  

〝〃（－Wnl）＝O for 托＝l・‥9   

∂上／∂叩／‖＝∂打∂叫／‖十β≧o  

Wノ11∂⊥／∂W／11＝・0   

∂上／∂W／12＝∂Ⅳ∂W／12＋β≧0  
1里12∂上／∂W／12＝0   

∂上／∂x月】＝∂け∂Ⅹ。1＋α．1（Ⅴ刀．－W河1）／1000十∂”1－♂。≧0  

Ⅹ柁l∂上／∂xれ1＝0  

♂nl（x柁－一丈〝1）＝0  

β点（－Xね．＋竺〃1）＝0、長井′＝1‥・9   

∂エ／∂杓11＝∂Ⅳ∂ち11＋α11＋∂ノl】≧O  

X／‖∂⊥／∂羊／‖＝0  

∂、／】1（羊／11｝Ll）、＝0  

（31）  

l
ノ
 
i
 
、
－
－
㌢
－
ノ
 
 

（32）  

（33）  

（34）   
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∂エ／∂杓t2＝∂Ⅳ∂不／12＋α12≧0  

杓12∂上／∂羊／】2＝0  

α】2（斗12－L2）＝0  （35）  

4・3・きCompuhti｛ln－esults   
Numerica）computationsarecarriedoutrecursivelywiththeuseordynamicprogrammlng  

Lechniqueappliedtoanort？eqPentialmultistageproblemwithaconvergingbranch（Nemhauser，  
1966），foragivenpairof（L．，L2），themaximumpermissibleCODloadforzonelandforzone2．  
Appetldixltothischapterexplainsthecomputationprocedure・Fig・10showsthesetofisocost  

CurVeS，Where the hirizontalaxiscorresponds to the totalCODcostraintin zonel，and thc  

Verticalaxistothatinzone2▲Fig・10iscalculatedbasedonaratherroughspaclngonthestate  
variables，and，COLISequentJy，reprCSent5a rOugh approximation to the true solution．In our  

efnceCYmOdcl，thetotalcostLunctionof（28）isdominatedbYthewastewatertreatmentcost  

functlOrlWhichischaracterizedbythescaleeconomyasshowninFig．9．Thustheisocostcurve  

doesnotbccomeconvextotheorlgin・CombiningFig▲8and Fig■10，WeObtainacoupleor  
trade－OfrcurvesinFig・11whichshowsthesubstitutionrelaLion5hipsbeLweenwaterqualityof  
WaterSeCtionl（zonel）andthatorwaterscctiom2（zone2）tbragivenamountoftotalcost．   

AnexampleortheefficientLreatmentsystemalongwiththecorrcspondingshadowprlCeSis  
ShowninTable6whichcorrespondstotheglVenPa）rOrWaterqualities，2・97ppmforwater  
SeCtionland3・05ppmforwatersection2・AstotheshadowprlCeSnOtSPeCifiedinTable6，We  
disregard8n）and OnLorn＝1through9，forourcostfunctionisdiscontirluOuSWithrespectto  
Xnl・We thenobtainin Table7thepollution charge datafbr the efficient treatmentsystem  
describedinTable6，Whicharetobeimposedonsourcegroupsandwhicharederivedfrom［he  

PrlClngSCheme orTablel・The solutiorlin Table6to Lhe efriciency modelis obtained by  
SearChing，1ntermSOfthecoarsegridapproach，thegloba）1yoptlmumPOlnt，andfinetutllngthe  

LI   

Fig▲10lsocostcurves  

－27一   



＼ 

モ＝（？．蒜 ○ノ （2．りら，3 

Milli（〕n Yen／yr▲  

．06）  

2，95  2．90  2．85  

（ppm）  

3．10  コ，05  3．DO  

Cl  

Fig．11Waterqualltytrade－O汀curves   

rrabeL6 rrhe efrlCient treaLmetItSyStePand thecorrespondingshadowprlCeS  
torglVenamOun（SOrLlandL2  

a）Individuallrealment  

Shadow prlCe  

γ乃l  

汀eatmentlevel  

n  x乃l   W帽】  

1 1500ppm  30（t／d）0．7436485（Mil，yen／t）  

0．1658276   

0．7438344   

0．1660135   

0．1661164   

0．7439373   

0   

0   

0．000307  

2  350  710  

3   1500  50  

4  350  200   

5  350  2000  

6  1500  500  

7  20  3186  

8  20  0  

9  20  1000  

b）CoILective（Municipal）treatment  

Shadow p「ice  treatment．1evel  

ⅩJll＝4ppm  

xJ12 ＝4ppm  
WJll＝11416t／d  

W∫12＝13770t／d  β＝0，0096918Mil．yen／t  

c）Emuen【COnSlraintsandshadowpriccs  

L．＝79．74kg／d  α11＝0，502453Mil．yen／kg   

L2＝55．08kg／d  α12＝0．560898Mil・yen／kg  
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Table7 PoILutionchargedata  

Source group number PoILutiorL Charges  
（n）  （Mi11ion yen／y）   

1  

2  

3   

4  

5   

6  

7   

8  

9  

Households  

22．600  

124．618  

37．676  

35．141  

351．616  

376．814  

34．435  

13．566   

9．998  

169．703  

searchedsolutionviatheKuhn－Tuckerconditions，1tmaybeofsometheoretica】interesttodcrive  
arldcheckthesumciencyconditionLorthcsolutiontobcalocaloptimum（secAppendix2tothis  
chapter），  

Nationalsurverydataarcavai）able，despltCOrtheirincompletencss，COnCernlnghowmuch  
moneY has beeninvested bY anindividualfirm duTing the time pe†iods or1970－1975in  
wastcwatertreatmentplantsforeachindusLrycategoryUapanEnvironmentAgency，1977），We  
assumearbitrarilythat3％ofthisstockva）uerepresentsarirm’sabilitytopaydatum・Tousethis  
abilitytopaydata，WehavetoregroupindividualindustrysourcesinTable2intoanumberor（in  
thiscase17）industrycategories・Table8showsthecorrespondencebetweenindustrycategories  
and9industrysourcegroups，Astothehouseholdsector，theabilitytopaydatumisestimated，  
basedonthcassumptlOnthatcachhouseholdinthestudyareaisab】ctopayatmost60yenper  
tonofwastewater．ApplylngthesedatatoPropositionl，WeObtainanequitablecostdistribution  
scheme shownin the flfth column orTab］e9．  

5 CONCLUSION  

The preceding discussion has presen（ed an analysIS for reglOnalcnvironmentalquality  
management・As Bower（1977）weI）surnmarizcd，this kind of analysis requires“（1）thc  
devclopmentofmode）sorresidualsgeneratlOnandmodificationactivities；（2）thcdevelopmerltOr  
modelsoftheproccsseswhicha汀ect，andareafTectedbytheresidualsaftertheirdischargeinto  
the environmentalmedia，termed“environmenta）models’；（3）specification oran explicit  
ob）eCtivefunction，WhichincludeambienLcnvironmentalqualityindicatorseitherinthefunction  
itselror 

． 

Astothefirstrequlrement，Wehaveconsideredon）ytheend－OL－Pipetreatmentforthcgiven  
OutPutS OrprOducts and／or services，Whichinclude both Lreatment at SOurCe and co11ective  
treatment at glVenlocations・   

OurenvironmentalmodelisWaterquality（COD）modelandtransformsthetimc－COnStant  
SPatialpatternorCODdischargelntOthelakeenvironrIlentintothclong－run（fiveyears）spatial  
Pattern Orlake watcr quality．  

Astothethirdrequlrement，OurOtUeCtiveLunctionconsistsofaneconomicobJeCtiveor  
mirlimizlngtheto［alannualizedcostofresiduralstreatment，andtheenvironmentalconstrainton  

－29－   



Table8lndustrγCategOryVS▲ln5uSいYSOurCegrOuP  

Source group   

1 2  3  4  5  6   7  8  9  
1rLdustry category  

3  63 1  3  3  4 1  

4  ユ  131 1  

97  

1 Food and kindred 

2 Tex亡混s and appare」  

3 Lumber and wood   

Fl汀nl心1一色and（ixt11reS  

4 Pulp and paper  

5 publishing and prlnting  

6 Chemicals  

7 petroleum and coa1  

8 Tanned Leather  

9 ceramic，StOrle and clay  

lOlron aIld steel  

11 Nonierrous metal 

12 Fabricated metal  

131brdinary machirLery  

14Electricalmachhery  

15Transport equipmerLt  

16 Precision instruments 

170【hers  

3  1  

1  

6
 
 

2
 

1
 
3
 
3
 
（
ソ
】
 
1
 
2
 
4
 
 

4
 
4
 
「
、
J
 
り
む
 
4
 
0
 
 

TabLe9 Theequitablecos【sharingscheme  

Ⅰ爪dustry eategory number Number offirms Ratio ofpol）ution charge Ability to pay data Shared cost  

（Cm）  （ym・C）  

佃仙on yen／y）   （Mi【【ion yen／y）  

1Food arld kirldred  

2 Textiles and app且reL  

3 Lumber a刀d w00d   
Furniture and fixture  

4 Pulp and paper  

5 Publishing and pr】ntlng  

6 C上Ie爪Iea」5  

7 PeLroleulれ andぐOa1  

8 Tanned Leather  

78  

137  

9β  

5   

9   

2  

1  

6  

243．91  243，91  

306．36  209．56  

尺
U
 
ハ
U
 
5
 
1
 
1
 
3
 
1
 
1
 
3
 
3
 
仁
U
 
9
 
9
 
2
 
ハ
リ
 
O
U
 
9
 
5
 
 

7
 
1
 
ご
U
 
 

O
 
q
U
 
 
 
 
7
 
 
 

9 Ceramic，StOne and clay  35  

10lr（〉n aI】d sLee1  1  

1  

27  

】7   

7   

3  

6  

34  

11Nt巾イerrous metal  

12 Fabricafed metal 

】30rdjna√γm∂Cムj刀ery  

14E】eetrica）machinery  

15Transport eql】岬meI】t  

16 Precision instrumentn 

170［her   

uoUSEROLt）S  
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Ih‥ota】a‖owa♭kCO】）djscharge5血o rheJakeenvironme叫Whichi5derjved fトom the  
environmcntalmodel．   

Weused，aSthem云thodoranalysis（thefourthrequirement），thedynamicprogramming  
techniquetocalculatetheminirnumcostsetortreatmentmeasurestomeetthespecifiedCOD  
dischargeconstraints，WherewehavealsousedtheKuhn－Tuckerconditionsbothasameanst。  
CalculatetheshadowpricedataandasameanstoreLinethedynamicprogrammlngCalculations．   

AstothefinalrequlrementOreValuatlngCriterla，OurCriteriacosistsofthrceholds＝the  
maintenanceofaslnglcwaterqualityindicatorofCODataspeciLiedlevel，minimizlngthedirect  
ecomomjcco5【50rmain【a〃－g班e仇・arerqUa】irya【－k5PeC汗kdHve】，andanequj【abledis【ribu【joll  
Ortheneededcostinrelationbothtotheresidualsdischargcrs，abilitytopayandtotheshadow  
Price data（their contribution to the totalcost），   

Therefore the analysISin this chapter neglected various prob）cms related to multiplc  
environmentalqualityindicators，damage Lunction，Optlmallocations ofcollective treatment  
hcilities，etC・，SOme OrWhich are taken upln the followlngChapters■  
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APPENDIXlOn the trea（ment COSt Lunction  

WeemploysinchapterlLhe（rea【mentCOSthlnCtionsspecifledinVanNoLeetal・（）975）・Irl（his  
apperldix，We brienyintroducctheirwork・Theyhavcspecifiedacostfunctionforeach unitprocessof  
wastcwatrertreatmentin（ermsorthefollowingthreefomulae＝l）a払rmulaforamortizedcapi（alco5t；2）a  
forヮーulaLDrnXCdoperationandmain（Cnan？eCOSIs；and3）aLorrnulafornow－Variableoperationand  
malnteTlaIICeCOSt・lneachformula，thefollowlng7variablescanbechangedasthespecificconditionsto（he  
probleminque〒‘ionwarrant：i）plan－叩aCiry（Q；九ⅢonG封knp？rl）ay）；ii）capila】re仁OV叩ねc｛or  
（CRF）；iii）servlモeandin（eres（factorwhichincludesallowanceforenglneering）COntingencies，andintercst  
duTing constr11CtlOTl（SIF；％）；iv）hbour rate（MHR；＄／mart－hQur）；V）lartdcost（ULC；＄／acrc）；Vi）  
Wholesa】epriceindexorindustria）comOdities（EPI）；Vii）naLionalaveragewaseWatertreatmentP）antcost  
index（STP），WhereCRFiswrit【enlntermSOrinterestrate（i；％）andamortlZaLionperiod（71；yearS）as  
b1lows，   

CRr＝f（l＋ぎ）n／（（1＋ま）乃一1）  （Al）  

Then the†1rStformulaEoramortized capltalcostiswritterlWith theuni（OrCentS Per1000Gal．as   

［（BCC）（STP／177・5）＋（Ⅰ．R）（ULC）］（（100＋SIF）／100）CRF／3650Q  （A2）  

WJlere BCCis base capitaIcost（＄）and LRisland requircment（acres）・  
ThesecondLormulaforEixedoperaLionandmaintenancecostiswrittenwiththeunitofcentsper100  

Gal．as   

（BMH）（MHR）／3650Q  （A3）  

ThethirdLormula†orvariabLeoperationandTT．aintenancecostsiswriL（enwi（h（hcunitorcentsperlOOO  
Gal．as   

（BMC）（WPI／120）／3650Q  （A4）  

where BMCis base materialcosts（＄／yr，）L  
BCC，LR，BMH，andBMCareestimatedloreachunitproccss・Forexample，hlCaSeOrCOnVentional  

Primary sedimen（ation（Al），these arc writLen asfollows．  

BCC＝139753＋】7341．2Q   
I．R＝0■23＋0・088Q   
BMH＝1852．8Q…2   
8MC＝】】5臥4QO■6？  

In chapter2we have ernployed the bl】owing U・S・Value（mostly as orFcbruary1973），  

SIF＝＝27％；WPI＝120；S′11p＝177．5；  
MHR＝5＄／nlan一山our；U工JCこ20005／acre，  

cxceptn＝20years andi＝7％】byconvertingdollarhltOyen，irnecessary・  

APPENDIX2Dynamic programrrling forrnulation orthe efficier・Cy mOdel  

The efficiency modelspecifledin equations（19）・（28）are rewritten as Lollows，  
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Min∑P（鵜（q（n）；dn，Cn）＋f】。（Ql［；Z，e．。）＋（．．（el。；dl．）＋f．，（cl。；d．，） 月＝1   
SutリeCltO  

蒼1d乃り▼e樗）Q（可＋d‖（トe10）（Z＋Q”）≦L王  

d．2gl。（Z十Q′′）≦L2  

Z仝吉．e樗Q（〝）≦芝】Q（〃）  

（Al）  

where  

P（乃）＝（henurnberorplantinthen－thsourccgroup   
芸） 

， 

Q（柁）仝v爪】   

d月仝xnl＝thctreatmentlevelchosenbythenLthsourcegroup   
dl】＝thetrea（mentlevelchosen by LhcfirstmunicIPal【rea（mentplant   
d12＝thetreatmentleve）chosen by Lhesecond munic）PaltreatmenLplant   
e〝こ■heamoun－SOrWa5加arerdj5POSedjn血pu♭】jcデe 

． 

WaS【ewater collected through public sewers，0≦el。≦1．   
fn（）＝thecostfunctionfor 

． 

fll（）＝【hetreatmenLcosLLLLnCL！On丘）rthemunicipalplant・   
n2（）＝Lhetreatmcn（C？Stfunc【10nLorthesecondmuni叩alplant・   
WcthenstatethedynarnlCPrOgramm）ngVerSionorthisnonllnearprOgrammlngPrOblemintermsorthe  

b1lowlng reCurSion equa【ions   

FN（Ⅹ∧r，VM，ZN）＝rth，（dN・ZN）＋FN－1（XN・，V＾1，ZN1）  
（A5）   

F＾LL（X＾r－1，V＾1，ZN－））＝Min砿1（ZN．，WM－．；QH）＋FN－2（XN－，，ZN＿1） l＼， 
．リ1  

十G」l∫（V．仇、V肝．）l  （A6）   

F〃（X帽，Z。）＝minlp（n）㍍（dれ，C月；q（n））十F。－1（X乃－1，Z汀】）l わrn＝2・‥〃2  
d。1亡升   

（A7）  

Fl（Ⅹ】，Zl）＝minlp（1）rl（d．，C】；q（l川  
d】，el  

（A8）  

whcr（－   

（d－t 

G・吋＝けニ．：ニ：と （A。）  

Theinterpretation oreach staLe variableis as follows，  
V＾1＝（hcs【ateVariableconcern1ngthetotalaLlowableloadtothcsecondwa（ersection，0≦V．11≦I・2・  
WM＝thes（atevariable concer－11rlg Lheamounts ofLwas【eWaLertreatmcntat thesecond municIPal  

10  

Plant〉0≦W」l′≦Q＝三．q（叶  
XN＝thes（atevariableconcern．ngthetotalallowableloadtotheflrStWaterSeCtion，0≦X」V≦LL・  
ZN＝（heslatevariableconcernlng（heamountso［wasLewa（ertrCaledatthefirsLmuniclpalpLant，  

0≦Z∧・≦q▲   

Xq＝（hcs【atevariableconcernlngthedisposaIorefnuentloadbythe’sourcegroupslthrougllntOthe  
爪rsIwater sectioll．  

Zn＝thesLatevariableconcernlngtheamountsorwas【CWatergeneratedbythesourcegroupslthrough  
n and transported through public scwers to the municIPal（reatment plants・  

＾s to the s（agC tranSformation ofsta（e variables（Z，W），We Obtain  
10   

WA′≦Q＝・Q（乃）  

（A10）   WA卜】＝WM  
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」O   

Z〃≦q＝ 夏1回  

Z∧r－1＝Z∧7  

Z〃－2＝W〟1十Z∧r－1－Q（10）  

Z〟－3＝Z∧r2－e〟－2q（〟‾2）  

Z仁ヒZ2－e2Q（2）   

Zo＝Zlelq（1）   

whereQ（10）＝Q〃and   

Q（10）≦Z」、r＋Wノけ≦Q  

From（AlO）through（A16），We Obtain   

／．、－ご・－／．   

Zo＋夏】e柁q（Ⅳ）≦えQ（n）  

Thus，in order for（A18）to be equivalent to（A4），thc following must ho）d  

／い＝い  

Asto the stage transforma（ion ofstate variab】es（V，X），WeObLain  

V〟≦L2  

V〟 ＝ d〃W刈㌧1  

Ⅹ〃≦L】  

Ⅹ〃｝1＝X∧r－d〃Z∧r  

X〃＿2＝Ⅹ〃－】  

X〃⊥う＝X∧r2－d」V2（1－e。、・一2）Q（〃－2）  

Ⅹ】＝Ⅹ2¶d2（1－e2）Q（2）  

Xo＝X－－dl（l－el）q（l）  

By5ub油u加g fh亡わ1】ow】刀g re】auoれ言ゎjp  

Z∧r＝（トe∧r1）（Z〟－2十Q（10））  

＝（11e∧71）（Z＋Q（10））  

into（A23）and by utilizing（A22）Lhrough（A27），We Obtain   

X。十 ∑d〟（1－e柁）Q（n）十d〃（1－e∧・．）（Z＋Q（10））≦i． 々コJ  

Thus，inorderfor（A29）（O beequivaluentto（A2），thefollowingrelationshipmusthold，  

Xoミ＝0  

7
 
 
0
U
 
 

6
 
 

1
 
 
2
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4
 
一
．
J
 
 

A
 
 

A
 
A
 
 

A
．
A
 
A
 
A
 
A
 
 

（A19）  

（A20）  

（A21）  

（A22）  

（A23）  

（A24）  

（A25）   

（A26）  

（A27）  

（A28）  

（A29）  

（A30）  

SimiIaIy，丘om（A28），（A12），（A20）and（A21），We Obtain   

dノ㌦〟】（Z＋（10））≦L2  

whichis equiva）ent to（A3）・   
ThusirwesoIvetherecursione？uations（A5）－（A9）sutucctto（A19）and（A30），WCObtain【hesolutioto  

theoriginalnon－1inearprogrammlngPrOb）em（Al）－（A4）・Fig：JAlexplainsgraphical】ytherecurs10n  
equatlOnS，（A5）一（A9）・  
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Fig・＾1The backward mulListage s（ructure charaFLerized by corlVerglng  
branch system 

APPENDIX3Derivation or【he sufficiency condi（ion   

SinceLhesolutioninTablc6isderivedsoas†OSatisfytheKuhn－Tuckercoditions（30）through（35），it  
Sa（isLiestheneccssaryconditiorlS†ora】ocaloptlmallty・lnordcrtoderiveLhesufriciencycondition，We  
Simpli吋the nota【ion orvariables as fo1lows，   

ⅩJll→Ⅹ〃  

Xノ12→Xルタ   

lり‖→W」V   

町12→W」lJ   

ThesufnciencyconditionthatthesolutionS’＝（x：．，W：．，X志，W差，X芸，W芸）specinedinTable6  
represeI－t5aStrictrelaliveminimumpointofthenonlinearprogrmmingproblem（）9）－（28）isthat（he  
仙lowing Hcssian Matrix   

I一（S■）＝F（S＊）十人H（S＊）＋〝G（S＊）  
（Al）  

is posilivedenniteon the subspace   
M’＝jT＝▽h（S＊）T＝0，▽騒（S＊）T＝O rorallJりl  

（A2）  

where   

J＝り鳩（S■）＝0，〃J＞Ol  
（A3）  

（Lucnbcrger，1973，P235）・ln（Al），F（S＊），H（S’），andG（S＋）arethcHessianmatrixorthetotaIc。S（  
function（］9））thcequali（yconstraint（25），andtheinequa】ity？0㍗S【raint（（20）L（24），（26），（27）），reSPeCtively・  
and人andFLarethecorrespondingvectorsorLagrangemuIt．plIerS・Sinceallorourequa）1tyandirlequality  
COnSlraintsexcept（20）arclinearequations，L（S＊）isgreatlysimpliLicd．   

As（OthetangcntsubspaceM，，【hecomparisonofTable4andTabJe6shows（hatthercare20ac【ive  
con51raints at S＊such tha【   

x：】＝克帽．for 柁＝1・・・6，9   

x；】＝O   

W：．＝V月．for 乃＝1・‥9   

w志＋Wニ呈w：．－W〟1．＝0  
■＝l   

主x：】（V月．－Wニ】）／1000＋Xニ＝己1  
n三l  
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X意＝L2  

Thus we obtain   

M’＝1（WN，WM，Ⅹ∧・）＝0・02WN0・02WM＋XN＝OE  

Whenwei？trOducetheEollowingorthonormalbasis・E＝（el，e2），inorder（00btainanexplici（matrix  
represenla【10n On M’，  

el＝（10．02 0）／l．0004   

e2＝（10 1）んす  

the sufficiency condition is simplified such that ihe following matrin 

E，′∂2け∂W£  ∂2Ⅳ∂lV〃X∂∧r ∂2灯∂町v∂WÅす  

∂2け∂X」V∂W〃 ∂2け∂Ⅹ孟  ∂2灯∂Ⅹ」∨∂Wん．  

∂2〟∂Wノl－∂W〃 ∂2〃∂W」W∂X〟 ∂2灯∂W£  

（A4）  

becomes positivedeLinite・Thus，irthe totalcost function satisfleS the bllowlng PrOPer（y   

∂2け∂Ⅹ£．＞－0．345906   （A5）  

叫丘om（Al）in Appendix2，   

∂2〝∂X見＝∂2（、ノ∂Ⅹ見＞－0．345906  

wecanconcludethaLLhesumciencyconditionissatisfied・Sinceour（rea（mcn（COS（Lunctionisnotacontinous  
hnction orXN，however，We CannOt Veri付しA5）for our case・  
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Chapter 3 

The LocationofSewage Treatment PlantonaContinuous  

Space：Theoreticaland EmpiricalAnalyses＊  

Y．Kitabatake and T∴Miyazaki  

ABSTRACT  

＾theoreLicalmodeJof（hesewageLreatme［llplantlocaLionproblcmisprescn（Cd，basedon  
thcassump（JOnSOra homogeneou5SPaCCanda homogeneouscha［lnelgeometryora rivcr  
runnlngParalleltoaone－dimensionalreglOn・TheanalYtlCals【ruCtureOrthemodelisdiscussed・  
ThemodelisthcnapplicdtothespecificcaseorasuburbanreglOnOrthcTokyoMetropoli（an  
Region，Where bothlhe homogcneltyaSSumPtlOnSaredropped・Thenumcricalsimulations  
Showclearlyhowthehe（erogenelLylnPOPulationdistributioI－andrivercharacteristics，aSWell  
asLhetrade－0汀ratiobetwcenwaterquall【yandleastcosLexPCndi（urC，affcctstheop【1malplant  
locati⊂lnS．  

1INTROpUCTION  

In this chapter，We dealwith the problem or optlma1location orcol）ectivc Lreatment  
facilitie5・Especially，aneWaPPrOaChtothe（co11ective）5eWagetreatmentplantlocationproblem  
isproposed▲Generallyspeaking，SeWagetreatmentPlantlocatioIIPrOblcrr．shavebeenanalyzed  
citherwithoutorwithconsiderationforthewaterqualityofthcrcccivlngbodyorwater・lnthe  
rlrSt CaSe，the optlma】Lrade－Ofrbetween the number ortrcatment plants and the extent of  
SeWerageSyStemSWaSanalyzedwiththedynamicprogrammingformulationorConverse（1972），  
the non）inearprogramingformu）ation orJocreselal・（1974），and the network flow analysis  
methodoりarviseEaL・（1978）．In thesecondcase，theoptimalnumber，location，andlevclor  
treatment for sewage treatmcnt plants was analyzed u51ng dynamic programlng，1inear  
PrOgrarning，andheuristiclocationtechniquesbyWhitlatch＆ReVelle（1976）・lnallcitcdworks，  
arcglOnisdefinedasaclusterorlocationsgeneratlngWaSteWatCrandthcwastcwaLcrtreatment  
SyStem either as a mu）tisLage optlmization problem or as a ncLwork now problcm・   

In reference tolocation problems，reglOTlalscientists and urban economists have  
traditionally bcen concerned with agriculturallocation（von Thilnen，1842；L6sch，1954），  
indu5trial】ocation（Moses，1958），and rcsidcntial）oca［ion（Alon50，1964；Muth，1969）on a  
COntinuousspace，WhereastheintcrcstsofenvironmentalenglneerS，aSWeSaWintheprevious  
paragraph，havebeeninthelocaLionorenvironmentalservicefacilitics，SuCha5SeWagetreatmCnt  
plants，Onadiscretespace，ThemainreasonsexplainlngthedifferenccinthemethodologICal  
treatment ofspace are considered to bc twofold■First，thedifferencein spatiallocaLions as  
reflectedintransportcostplaysamorcslgniflCantrOleinthelocationdecisionsofLirmsand  

＊AprelirninaryvcrsionorthispaperwaspresentedbyKitabatake，Miyazaki，andTakaha5hjattheSecondWor■d  
Rcgiona］DevclopmenLandPtanningConL｛rCnCeattheUniversityorTsukuba，Ibarakりapan，10－12August1981；  
flTS【publishedin Environmen（and PlanningA，■983，15，1205－1217・  
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householdsintheformerdisciplinethaninthelatterrSccond，thestudiesor†ormerdiscip）ineare  
based onintraurban distributions ofagrlCultural，industrial，and residentialactivities as  
exernplificdinthe theoryorland rentandlanduse，Whereas thelattermainlystudies the  
interurbandistributionorwaterqualities，SubJeCttOthegivensizeoragrlCultural，indusLrial，and  
TeSidetltialactivities t）r CaCh11rban aTea．   

Inthispaper，theoptlmumnumberandlocationorsewagetreatmentplantsonacontinuous  
spaceis analyzed，With the analysis based on the5Patialvariationin thewastc－generatlng  
populationandinthevarYlngaSSimilativecapacltyOrthereceivelngbodyorwater・Spcc捕cally，  
this paperintends to subsume theissue orscwage treatment plantlocationinto a wider  
programmeofenqulry，Whichcould be tcrmedanintraurbandistributionorenvironmental  
quality・Sincewaterqualityaswe）］assewerageservicesconstitutesanimportantpartorthe  
qualityorlife，thereexistsanimportantlinkbetweenthelocationdccisionsorsewagetreatment  
plants，and thelocation decisions offirms and households，Which resultin theintraurban  
populationdistribution■Asthcproblemorthelocationchoiceoffirmsandhouseholdshasbeen  
analyzedonacontinuousspace（forexample，SeeMil】s，1980），aneWaPPrOaChisproposedto  
facilitatetheintegrationorthesewagetreatmentplantlocationproblemintothemairlbodyor  
urban economics．  

Thisintroductonhasexp］ainedwh；yWetrCaLthesewagetreatmentplantlocationproblem  
byuslngaCOntinuous5Patialmodel，departlngfrom theconventionalwayofanalyzlngthe  
problemintermsofadiscretespatialmodel・1nsection2atheoreticalmode）orscwagctreaLment  
plantlocationonacontinuousspaceispresented，andit5analytlCalstructureisdiscussed，based  
onLheassump［10n50fhomogeneousspaceandofahomogeneouschannelgeometryorarivcr  
runnlngparal）cltoaone－dimensionalregion▲Thernodelisappliedinsection3toasuburban  
reg10nOrtheTokyoMetropolitanreglOn，Whichisconsideredtobeonelargeurbanarearather  
than a cluster ofisolated urban areas；here［he assumptlOnS Ofhomogeneous space and  
homogeneouschannelgeometryarebothdroppedforthenumericalsimulationorthemodel・  

2 TtlEORETICAL ANALYSIS   

2・1AtheoreticalmdelofsewageけeatInentplantlocatiom   
Jnthissection，WeCOnSiderthelocationorsewagetreatmentplantsinhomogencousspace，1n  

whichwastewatergenerators（consrmers）withahom？geneOuSWaSteCOe爪cientareeven）y  
distributedinspaceandinwhichaslnglebodyofwaterlSaSSumedwithhomogeneouschannel  
geometryandnotributaries・TheanalysISisdevelopedessentia11yinaWcberianlrameworkon  
the basis of the fo1lowlng Simplifying assumptlOnS，Which are writtenin reLerence to  
Norman（1979）：（1）Economici？PutStOSeWagetreatmentareaVailableinunlimitedsupplyat  
fixed pricesinvariant bylocat10n・（2）Theseinputs are ubiquitous・（3）Demand forLhal  
commoditiessuchas5WimmlngOrthewaterintakebramunicIPalwatersupply，1SCOnCentrated  
atasinglepointdownstreamofthebodyofwater▲（4）Transportofsewagetotheplantis†easible  
inthedirectionorrivernow，andtransportcostisafunctionofvolumeanddistance，Whcrcthe  
volumeofsewagcisproportionaltothedistancctransported，andwhereLhetransportcostorthe  
坑nalgoodi5ZerO・   

Specifically，WeCOnSideraone－dimensionalreglOninwhichaconstantvolume）aO，Of  
sewageisgeneratedperunitdistanceperunittime，andinwhicharivcrflowsparalleltothc  
linearreglOntOtheright・AriverorlengthdlinksaglVenuPStreampOint，ML，Withadownstrearn  
point，M2；themarketpoint｝M3，islocatedataLixeddi5tanCeddownstreamfromM2▲Giventhe  
numberofplants，n，P）antoneislocatedatadistancexlfromM），andp】antiatadistancex舟om  
thelocationpointofplant（i－1）；PlantnisassumedtobelocatedatM2▲Futhermore，Plantiis  
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assumedtotreatthesewagegenerated，ql（＝aoxi））alongthedistanccxi； 
． 

J∵「て 
、 

evcr11y distributed only along theline between M）and M2，  

Asto the modelorriverwaterqua］1ty，thelinearized riverisdividcdintoa numberor  

SegmCntS，eaChcontainlIlgOneSCWagCtreatmentPlantanddefinedasthepartofthelinefrom  
that plant to the next one downstream・Under the assumptlOnS Ora temporalsteady state，  
COnStantSyStemParameterS，andnodistributionalsourcesorsinks，theequationforriverwater  

quality，Bi，R）rSegmenli，iswritten（Thomann，1972，P．67），  

B戸BfOexp（－K酋）  （l）  

whereK，（＝k，／u）isthedecaycoefricient，k，，dividedbystreamvelocity，u，Spccifically，Biin  
equation（1）istheconcentrationofbiologicaloxygendcmand（BOD）inpartspermillion（ppm）．  

Thus，the concentration decays exponentially with distance downstrearn，untila new waste  

dischargeLromaSeWagetreatmCnlplantisencountered．Inequation（1），theconcentration，BiO，  
atthe5tartOfthesegmentiscomputedbydividingthetotalBODloadattheentranceorsegment  

i hy the river now ol that segment so that 

i－1  BiO＝叫－1＋B巨－1（qo＋菩q川qn＋真q′）  （2）   

WhereqoistheriverLlowatMl・Tntcrmsorequations（1）and（2），thewaterqua）ityatM，is  

WrlttenaS，   

吋Woexp［‾Kr（d＋如十上雪叫exp［‾Kr（d＋占‾上…ノⅩk）佃恥1≧．旬）  （3）  

WhereWoisthewasteloadatML・Ifwcassumcthatthetota】populationorareg10naSWellasW（，  

andq。isconstant，thewaterqualltyat M3isaf托ctedbyLhcsecondtermofthenumeratoror  

equation（3）whichis delined to be W8n：  

、Vβ”（xl‥●X川）認b町XP（KrX上）  
j  

（4）   

Ml  M2  

Fig・1A case orthree plants onlocaLionallinc．  
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Wherebo＝a。WeXp（－Kr（d＋d））．Fig．1showsthreeplanLsonastraightline；WBisequaltothe  
Sum OrLhe verticallengths，b】＋b2＋b3，Ofthe shadcd area at M3・  

Before wc proceed to the derivationoran optlmumnumberofplantsand optlmalpIant  
location5，the use ofequation（1）Eor a modelofLrivcr water quality needs an explanation・  
Equation（l）takcsBODasanindicatororriverwaterquaJityandiso［amuchsimp）crbrm亡harl  
thecommonlyacceptedformofthedissoIvedoxygn、biologica）oxygendemand（l）OJBO）  
relationship（Strccter＆Phelps，1925）・NationalenvlrOnmentalqualitys［andardstbrrivcrwater  
irlJapanarcspecifiedforeachclassificationorstreamuse，SuChaswatersupplyaIldfishery，in  
terrnsofpH，BOD，SuSPendedsolids（SS），DO，andthenumbcrorcoliformgroups・Toachieve  
qualitystandards、itisprovidedbylawthateachprefecturemustcslablishitsowncomprehcnsive  
PlanforimprovlngSeweragesystemSLoreachdraiIlagebasin・ThcMinistryorConstruCtion has  
instructed that，in principle，BOD he used for riverandchemicaloxygcndcmarld（COD）Lor  
lakesoroceansas the targetwater▲quality standard for establishing a comprehcnsive plan  
（Ministry orConstruction，1980），Based on thisJapanese practice，WeChooseBOl）asthe  
Water－quality variable・  

Anopt）murnnurnberorpJants，aSweJlasopt＝11alpJantJoca亡in5，arederivedby［heLo））ow・ng  
COnStrained maximization problem＝  

ma元imizeU（CI‡（x．…Xl），WB（xl・・・Xi））  

ju句ect to   

ノ萱．ち＝d 伽a‖才  

（5）  

（6）  

lnequaLion（5），arCgionalutilityfunction，U，isチSSumedtobeassociatedwiththemultiple  
両ectivesorimprovcdwatcrquality（minimizeWBZ）arldreducedtotalcost（minimizeC：）・The  
LurlCtion C（Zi5defined to be the sum ortwo cost terms：  

（7）  

C′－（Ⅹ1…X～）＝∑（C▲（ち）十C♪（ち））               ・ －   

WhercCk（当）isthecostoftreatingsewageatplantj，andCp（ち）islthecostortransportingsewage  
through the sewers to planLJ．   

2．2The ca5e Of（：OnYeX COSt fun亡tions   

Irtheindividualplantcostfunctin，CJ（当），WhichisdefinedtobelhcsumofCk（㌔）and  
Cp（当），i5aCOnVアXfunctionEorO＜当＜d，thenthemaximizationproblemorequations（5）and（6）  
1eadstotheunlqueOPtlmumSOlutioninwhichthenumbcroftheplarltS，i，gOeStOinfinity・  
WhateverthesubstitutionrelatiorlShipbetwecnC，tandWrIZ，bothofthevaluesorCtZandWf，Z  
decreasejustbyincreasigtllenuローberorplan【s・丘omf［0汁‖加any頼eeappendjxわrprooり・  
Furthermore，theconvefltyOrtheindividualtotalcostfunctin，Cl（り），aSWellasthcboundedness  
OreaChpartialsum，蔓，C′（り），aSSurCStheconvergenceoftheinnnit（‥SCries  

，  

limC（th・・・Xi）＝喪見Cl（ち）（bydehnitioIl） f→00   

But theIimitlng Value orWふis o♭tained as foJ）ows：  

1imW抽‥■Xi）＝喪ノ蔓．bDりeXp（Kr上誉Ⅹ慮） J 
‾●00  ノ  

＝b。J：exp（K，X）dx〒b。（exp（K，d）－））／K，  
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＝W冨 （bydcLinition）  
（8）   

wherethesecondequalltySlgnCOmeSfromthetheoremthat，ifafunctionfi5mOnOtOniconan  
interval，thentheupperRiemanintegralorrisequaltotheRiemanintegralorfontheinterval  
（Rudin，1964）．Thelimitingvalue，W冨，inequation（8）canalsobcderivedfromthefollowing  
difrerentialcquation with distributed source（Thomann，1972）■  

dWム／dx＋K，lVム＝a。W  
（9）  

The so）ution to equation（9）forx＝dis equalto   

Wム＝a。WeXp（－K，d）（exp（k，d）－1）／K，  
（10）  

Werethcinitialconditionatx＝Oisassumedtobezero・Weassumethatpeoplelivealongthe  
】inebetweenMlandM2，andthatthesolutiontoequation（9）isderivedやrx＝d・Thelimiting  
value，W冨，inequation（8）i5thenequaltoWムmultip）iedbyexp（－K，d）・Insummary，ifthe  
individua】LotalcostLunctionisconvex，thereglOnalwelfareismaximizedbybuildinganinLhlite  
numberoftreatmentplants，thatis，byemploylngLhepolicyortrcatimentatsourceofsewage  
generation・   

2．きCase of nollC（）n▼eX COSt rllnCtions   

Inthissection，WeCOnもiderthefollowingtwocasesornonconvexcosthnctions：（l）the  
individua】totalcostfunction，CT（竺′），isconvexforO≦竺∫＜x’＜d，andconcaveforx’＝漣（2）  
C′（㌔）isconcaveLorO≦ち＜x’＜d，andconvexforx’≦当≦d・Inbothcases，WeaSSume，basedon  
thc）ong－runnaturCOrthecostfunction，thatCI（当）＝OLbrり＝0▲Theoptimumsolutionfbrthe  
firstcasei5thesameastheoneinsection2▲2・Forwccanalwaysnndapointx≦x，whichha5a  
Smalleraveragccostthanapolntgreaterthanx’．ThenthevalueofrcglOnalwelfarcisimproved  
byincreasIng the number orp）ants toil－finity．  

Forthesecond case，We maylmPrOVethevalueofreglOnalwelfareJuStbyincreaslnga  

nurnber，i，OfplaIr［s，PrOVidedthatmin（x】…X｛）isgreaterthatx”and，蔓】当＝d・Butassoonas  
min（x）L▲Xi）becomeslessthanx”，thcrearetwooffscuingforcesatwork，OnCtendingtoreduce  
themaxlmumValueor（xl・・・Xz）preferablybyincrcasingtherlumberorp）ants，theothertending  
toincrease thc minimum value or（xl‥■XL）possibly by decreasing Lhc number orplants・  

Furthcrmorc，becauseofthefactthattheindividualtotalcostfunction，C（（りいsconcave†orO≒ち  
＜x”，WeCannOtincreasethenumberofplantsindefinitely，Sincctheinfiniteserieslim ∑ J‾「∝⊃ノ＝l  
CJ（ち）divergesL Thus an optimum numbcr ofplants can bc derived by harmonizing two  
COnflictlngO叫ectiveswicharetheleasttota）costexpenditurcandthegreatestbenefitderived  
丘ornirnprovedwaterquality・AlthoughtheoptlmumSOlutiondependsonthespecificshapeorthe  
costLunction，itcanbcdcrivedbyso）vlngthefo1lowlngCOnStrainedmaximizationprob】emfori  
＝l，2，．  

maimizeU（C：（xl…XいVム（xl…Ⅹ－））  
Ⅹ1▲  ▲ Xf  

（11）  

Su句e？t tO   

享lち＝d； ㌔≧∈＞Obり＝1‘‘‘j  ノ   
were ∈is a positive value chosen丘om a smal）ncighborhood ofzero・   

Supposetheoptimumvalueorequation（11）isdenotedbyU（xT，．．X‡）Thentheoptimum  
numbcr，n，aSWellastheoptlmumlocationofplantsisobtaincdwhcnthesefourconditionsarc  
satisfied：  
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（1）U（x‡．．x‡）isachievedfor当＞Eforj＝1．．n  

（2）U（x‡．．x：＋．）isachievedforり≧∈forj＝1．，n  

（3）U（xて．．．x：）＞max（U（xて），‥，U（Ⅹて‥．X：1），U（x‡．．x：＋、））  

（4）Thefollowng坑rstLOrderandsCOnd－Orderconditionsaresatis坑edforthevectorofoptimal   
values（x†，リX手．）b＝＝1，．．，，乃－1；ノ＝1， 卜1，   

∂U（x‡，…，Ⅹ‡－1）／∂や≦0； Xご∂U（x‡，…，X‡】）／∂ち＝0   （12）   

TheHessia∫1matrixisne糾ivede五niteat（xて，．，X‡1），Wherewehavedeletedone  

satisnedforx‡＝‘  Variableintcrmsortherestrain～茎．x‡＝d，andwhereequation（12）isallowednottobestrictly  

3 EMPIRICAL ANALYSIS   

3・1Descriptiono一山e5tudyareaandanextensiono一山emodel   
Inthissection，atheoreticalmodelorsewagetreatmentplantloctionisextendedtotreatthe  

problemofvariablespatialdistributionorpopulationandchannelgeometry，1nSuChawaythatit  
canbeapplicabletoacase－5tudyarea■Theareaunderconsiderationi5abasinoftheTamaRiver  
intheTamadistrictortheTokyoMetropolitanRegion・Thearcaconsistsoffifteencities，four  
town5andonevillagewithatota］populationor1711298in1976LFig・2describesthespatial  
distributionofpoputation，thelocationofthecxistlngandplanned5eWagetreatmelnplantsalong  
theriver，andthemonitorlngStationsofwaterquality・InwhatLc．1lows，thereglOnisdividedinto  
twosubreglOnSWhichconsistsortherightLhandbankreglOnandtheleft－handbarlkrcg10nOrthe  
TamaRiver．TheTamaRiverhasitssourceneartheTokyo－Yamanashiprefecturalborderand  

＋＝ Halllじtrl≡〇m ゎー T州ユ RIv（】r   

ロ  リaしerln【akぐ叩土nt   

△  se】d騒＝rpa【Ⅲ州tl雨11亡  
（eメ工6【1叩）  

Sevng亡Lrea【men〔Pl且n【  

（11‖nll亡d）   

● lb山tいrl叩p山肌  

Pol川1且［1un denま11y  

［：コ 1e％S血nlOO（per5刷1  

田 10（ト150  

囚 1～0‾200  

暖国 ov～r2Dn  

Fig・21、he5【udy area  

一42一   



LlowssouthcastwardsbrlOOkmthroughtheheartorthestudyarea totheBayofTokyo・  
A］thoughnotalltheareaiscurrentlysewered，WetranSformthetwodimensionalareaintoa  

S［raightlincorlength25・9kmwhichstartsatHamurawaterintake（M．），Whichsupplie5public  
Waterformostorthcarea，andendsatthedownstreampartinthearea（M2）・Themarketplace  
（h13）istakenしObeth仁locationoranotherwatersupplyplantatadistanceor7．6km‡TOmM2．  
Thisplantdoesexist，buthaschangeditssourceofwater5uPPlyfromsurfacewatertoashallow  

Wdlbecause ofthe detcrioraLion or5urface－Water qualityL   

Fornumericalsimulation，WehaveLospcci吋so，W，N，andK，，andthespeCiflCformofthe  
COSt function＝N and Krare a function ordistancc variable，XIWe a5SumC that thedaily  
COnSumPt10nrale，So，OrPublicwaterpercapltaisO・3tonne，andtheBODlevel，W，OFthetreated  

scwageisO・00002tonnemL3（20ppm）・TheexistingpopuJationdistribution，N（x），andthc  
Observeddistribution，Kr（x），OfthedecaYCOemCientofBODdividcd bYStreamVelocitY  
（abbreviatedasthedccaTCOefncient）areshowninFig▲3andFig・4，Wherethepopulation  
distributionofeachsubreglOniscalculatedinreferencetothethrcepIannedsewered、area5ineach  
Subregion・Thefirst，SeCOnd，andthirdsewercdareasintheright－handbankreglOnCOnSistofa  
grouporcitics－［owns－Villagenumbcredl［hrough4，5and6，and7and8inFig・2，reSPetively・In  
theleft－handbankreg10tl，agrOupOfcities－tOWnSnumbered9through13，14through16，and17  
through20consistoftheEirst，SeCOnd，andthirdseweredareas．Tab】elshowsthedataforreaches  

in the Tama River，Which are based onIchikawa’s work（1978）andin which the decay  
COefricient5meaSuredatsixmonitorlngStationsalongtherivervarybetweenO・0066perkmand  
O・0405perkm▲Thedi鮪renceirlmeaSuredvaluesorK，（x）isduemainlytothevelocityvarfations  
or the rlVer flow．  
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Fig，3 SpaLialdistribution o［popuJation and decay coefTicien（0［JiOD：  
a ca5e Orthe righトhand bank reglOn  
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Becauseofthevariablespatialdistributonofthepopulation，N（Ⅹ），andthedecaycoefncicnt，  
Kr（x），thetheoreticalmodeJofsection2mustbemod捕ed・SpeciLTicaZJy，thewa亡er－qua）itYn10deJs  
ofequation（1）andequation（9）arerewritten as   

Bi＝B。eXp（－）：ZK，（Ⅹ）dx）；dWふ／dx＋Kr（x）Wム＝wsoN（x）   （13）  

respectively．SimilarlY，equation（3）isrewrittcrlaS＝   

B＝帆。XP（－〟＋JKr（x）dx）十主町XP卜苫＋JKr（x）dx）川qo†ノ喜一q′）（14）                           ノ＝】  
where  

y＝ 
k」 

And equation（4）is also rewrittenin the same manIleraS：  

、V芸（xトX〃）＝ノ≧，bo、隼exp（JごKr（x）dx）   
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Fig・4 Spatialdistribution ofpopulationand decaycoemcier”orBOD  
a casc ortheleft－hand bank reglO  

Tablel Data for reachesin the Tama River  

M。血orjng  烏r u  々ノu xa  
（1／d）（kTTl／d）（1／km）（km）  polnt   

1  0．38  45．79  0．0083  5．3  

2  0．39  37．15  0．O105 10．0  

3  0．40  52．70  0．0076 16．8  

4  0．41  57．02  0．0072  21．6  

5  0，42  10．37  0．0405  Z4．4  

6  0．42  63．94  0．0066  35．5  

a）distarlCe from the space point Ml  
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where   

bo＝exp（一差什〆Kr（x）dx）  

叫＝wsoN（勺）勺   

y＝点ノX〟   

Astothecostfunction，tllefol）owirlgtreatmCntandtransportcostfunctionsaretakenLrom  

the publication compiled byJapan Ministry ofConstruction（1980）：  

i（1十f）椚l  

3．23QO‘719十0・165QO■697  
（15）   

（574・8－2弧4×103QO■5＋2222・3×10－6q）  （16）  

C上（Q）＝   

C♪（Q）＝   

（l＋i）椚L－1  

i（1＋りm2  

（1十f）れ2－1  

whereQisthevolumeoftreatedortransportedsewagewiththeunitorm3perday，ii5the  
discount rate，and mland m2are the payback periods ortreatmerlt plant and orsewers，  
respeC［ively・Inequation（15），thenrs”ermortheright－handsidcreeresentstheannualcapital  
COSt OrPlant and the second term the annualoperation and malntenanCe COSt，Wherc the  
monetarYunitismillionyenperyear・Equation（16）representstheannualcapita】costofscwers，  
Withtheunitofmi11ionyen，fortransportingQunitsofsc、Vageforaunitdistanceoroe  
kilometer・Theft・nClionoftransportcostcompiledby theMinistryofConstruction，Japan15  
SPeCifiedintermsorpipediame［er；however，WChavetransformedthepipediameterintothenow  
VariablebyassumlngthathalfoftheplPeCrOSSSeCtionisLilledwi‘thwastcwaterwithanaverage  
Elowrateofoncmetcrpersecond・IrwesubstituteQ＝a。Xintoequation5（15）and（16）and  
assumeadiscountrateor8％andapaybackperiodorfiftyyear5form．andm2，thenweobtainthe  
individualtotalcostfunctionorC（（Ⅹ），Wherc 

． 

distributon，Where Ni5Calculated to be the totalpopulation orthe right－hand bank rcglOn，  

divided by the dislance，d，  

Fjg・5 ToLalcosLfunc（ion二aCaSeOrhomogeneous space  
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3・2Computationalresults  
Here，We aSSume a Simple reglOnalutility LurlCtion oralinear form：   

m㌢沌（Ci】Wム）＝や（柏（Ⅹ1‥・Xi）＋〃W轟1・・Xf））  

wherel≧oandF｛≧OtransforrnthemonetaryunitofmillionyenandthewasteJoado（tonnes  
Per daylntO utils，reSPeCtively・Since the minimization orthe toLalBODload，Wふ，at the  
marketpolntisconsideredtobethemaximizationofthedifrerencebetwecnanexoger10uSlygJVeTl  
desiredlevelofBODloadandWム，thesmallestWふmeansthegreatestbenefittothereglOn，  
Thus，the beneFit－COStratioorthewillingnessofthereglOntOpayforbeterwaterqualitylS  
represellted by／リス．  

Numericalsimulationsorthemodelwercperfbrmedtoanalyzehowthebenelit－COStratio，FL  
／ス，Ortheherero酢nei【yorpopuhnondi5tributjo∫land cha”ne】geometrya鮎ctthelocation  
and／orthenumberofsewage trcatmentplants・Astothesolutionprocedure，thecoarsc－grid  
approach（Nemhauser，1966）isusedtoobtainthcoptimumplarltlocationforagivennumberof  
plants；thisapproachproceeds丘oma丘wwidelyspacedvaluestolinergridsLoreachdistancc  
variable，ⅩL．TheoptlmalityofpJarltnumberlSjudgedonthecondi（ionofo（imali（YSpeC；fiedin  
sccfjon2．3．Tosimplifythenumericalcalculations，WeaSSumethatthereexisttworiversrunnlng  
Paralleltoeachother，Withrivercharacteristicsidenticaltotho5eOftheTamaRiver，andthat  
f）aChorthetworiversreceivesthewastewaterdischarged丘omeitheroncoftwosubregions，the  
right－ha†ld bank regIOn and（helefトharld ♭ank reg・On・The nL・merjcaJsimulations were  
Performed for altemative values of the bcnefit－COSt ratio，FL／l，andalternativc spatial  
distribution50ftheppulation）N（x）〉andthedecaycoemcient，Kr（x）▲   

Table2summanzes the computationalresults for the righL－hand bank reglOn，Lor the  
Optlmum number，n，OrPlants and the optlmum Values of叫JeCtivevariables，C芸and W芸，  
deLinjngtheregioIlalutilityfunction，IIITable2，homogeneousN（x）correspondstothecasein  
WhichauniformpopulationdistributionisassumedLortheright－handbankregionwithNequal  
tothetotaJpopuJa（ioT”f688065djvidedbyfhedi5tar・Ce，d；heterogeneousN（x）correspondsto  
theexistingpopulationdistrib血onshowninFig・3・8u【homogeneou5Kr（Ⅹ）refer5tOtheca5ein  
WhichaconstFntdecaycoefhcientofK，＝0・0135perkmisassumcdforalllocationsoverthe  
range（0，d＋d）；heterogeneousK，（Ⅹ）referstotheobserveddecaycoefhcientdistributon，K，（x），  
drawninFig・3・Table2showsthatasthewillingnessorthereg10ntOpayfbrbetterwaterqua（lty  
increases，the optlmum number，n，Ofplantsincreases with theconsequent decrcasein the  
amounls，W意，0［fhetoIa】wasteloadatthemarketlocation．Forany†initevaiueofabenefiトCOSt  
ratioinTable2，thelargestreglOnalutilitylSaChievedincasc2fortheheterogeneousriver  
Characteristics；the secondlargest reglOnalutility】n CaSe3is due to the existerlCe OrSCale  
economiesinsewagetreatmenしInTabe12thesolu（ioIIS【0（hecaseso［FL／Jl＝∞arederjved  
analytically by soIving cquation（13）・   

Tabe13showsthecfrectsorheterogeneityandahigherbencfit－COStratioontheoptlmum  
patternofplantlocation・We丘rstdiscusstheeLrectsofheterogeneltylnreferencetotheexistlng  
populationdistributionandtheobseIVeddecaycoe爪cientinFig・3towhichhcterogeneltyOf  
TabJe3cores5POnds．Comparisonofcaselandcase2showsthathcterogeneityinthedecay  
coemcientafrectstheplantlocationsoastotakeadvantageofthclargestdccaycoefricientyieldcd  
bythedistanceintervalbetweenthemonitoringpointsnumbered4and5inTablel■TheefTects  
orheterogeneI亡y‖lPOP山ationdis【rfbufionarecjea巾√0♭ぶerVedbycomp∂∫川gCヱ15elandca5e3j月  
suchawaythatthefirstorthesecondtreatmentplantislocatedneartheendorthesecond  
seweredareasoastoexploitthescaleeconomiesinsewagetreatment・Theseresultsandthe  
resultsobtainedfromTable2enableustoconcludethattheheterogeneltylnrivercharacteristics  
andinpopulatiorldistibutionhelpstoimprove（throughthemodiLicationofplantlocations）an  
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Table2 Compu（ationalresul（S for the right－hand bank region（1）  

Casel  Case2  Case3  
N（貫）－ ho面ous  bomogeneous  heterogモneDuS  

〃／人                                       Kr（xトー・→ homogeneoし1S  heterogemeous  homogeneous  
LI   C：  W昌 n  Cて  W昌  n  Cri W昌   

0   1 45，053a 4．115b 1 45．053  3．927  2  44．679  4．038   

16．67   2 46．730 3．784  2  46．881 3．545  3  46．662  3．687   

33．33   3 49．387 3．678  3  49．179  3．435  3  46、691  3．686  

00  ∞  3．144  ∞  ∞  3．2917 ∞  ∞  3．211   

a108yenperyear  
bton per day  

Table3 Comp11tationalresultsゎーtherighレhand bank r昭一On（2）  

Casel  Case2  Case3  
N（x）－→homogeneous  homogeneous  helerogeneous  

〃／Å                             K，（x）・→homogeneous  heterogerLeOuS  homogeneous  
Ⅹl  X2   Ⅹ3  Xl  XZ   X3    Xl  X2    Ⅹ3   

0  25．9  0  0  25．9  0  0 12．4 13．5  0   

16．67  13．4 ユ2．5 0   ユ9．1 6．8 0 10．5  6．0 9．4   

33．33  9．2 8．6 8．1 10．8810．72 4．3 9．5  7．O g．4   

environmentalob）eCtiveorbeuerwaterqualityandancconomicobJeC［iveofleastcostburden，  
respectivelY、   

Beforeweexplaintheefrectsorahigherbenefit－COStratioontheoptlmumPatternOfplant  
locations，】tishelpfultoknowthcoptlmumplantlocationfbrahomogcneousca5e・Casel，1n  
Tabe13，aPPrOaChes，aSthcbencfit－COStratioincreases，thepatternspecifiedbythenecessary  
COndition for the fo］lowlng COnStraincd minimization probler71＝   

inimi亘1V紬…，Ⅹ円），  

su句ect to  

∑Ⅹ′＝ d  
f＝＝I   

WhereW品isdeLinedinequation（4）▲ThenecessaryconditionLbrthisproblemiswrittenas，  

l＋Kネ；＝叩（札ギ＋l）；j＝l‥・乃－1；ノ蔓1X‡＝d  

and thcconvexityo［W芸corresponds to thcsufriciency condition．  

Equation（17）isrewrittenas，   

aow（1＋K′当）exp（‾Kr（d＋d∴己Xよ））＝aowexp（‾K7（扁‾見＋．Xた））  

（17）  

WhichshowsthattheincreaseorW去duetothemarginalincreaseof勺isequaltotheincreaseof  
W去＋1duetotheunitincrea5eOf勺＋］・Thelawofthemeanandlheconvexityorthcexponential  
加－Ctionenableus＿tOderivethefol）owingcorlditionEromequation（17），  

－47－   



x‡＞x‡＋．forany xデ＋1＞O  

Giventhefactthatthedischargedwasteloaddecaysexponentially，anyneighboringtwodistancs，  
say，X；andx：．．，arenOtthesamedistance，butdifrerinsuchawaythatx；＞x‡＋1・Kecpingln  
mindtherelationshipspecifiedinequation（17），1etusexaminecaselinTable3・Asthevalueof  
thebcnefit－COStratioincreases，thelocationpatternapproachesthepattern（x手＝9・J35，X；＝  
8．615，X；＝8．150，）．   

Last，the arrowsin Fig■3and Fig・4indicatethcoptlmumlocationpattern ofsewagc  
treatmentplantsforthccaseortheexistlngPOPulationdistribution，theobserveddistributionof  
thedecaycoefTicients，andgivenbenefit－COStratioofFL／Å＝33・33・ThesignificantdiIrcrencein  
locationpatterrlbetweenFig・3andFig・4iscausedbythemoreskewedpopuJationdistributio－1  
intheright－handbankreglOn・Furtehrrnore，theoptlmurnnumbcrofplantsineachsubregionis  
differentfromthetotalnumberorexistlngandplannedsewagetrcatmentplantsshowninFig・1・  
1fweassumethatthecxistlngandplannedplantsoneachsideoftheriverbankaredecidedon  
thcbasisoralinearreg10nalutilityfurlCtionandindependentlyofthcplantlocationonthcother  
sideorriver♭ank，then we can saythatthe beneLit－COStratioo［the LeLt－hand bank reglOnis  

greatcrthan33・3andthatofthcright－handbankreglOnislessthan33・3・Thisseemstoarise  
fromthesimplefactsthattheright－handbankreglOnhasmorepopulationthantheleft－hand  
bank reglOn，and thaLin o11r mOdel－he tmrketis concentrated at onclocation・  

4 CONCLU5ION   

Inthispaper，atheoreticalmodelofsewagetreatmentplantlocationonaone－dimensional  
continuousspaceispresented▲AnemplricalanalysIStOtreattheproblcmsorheterogencltyln  
intraurbanpopu】ationdistribution，andtheassimilativecapacltyOrariverrunnlngparallcltoa  
straight－1increglOn，isthendescribed▲Numericalsimulationrcvealsthatthehcterogeneltyln  
assinlilativecapacl【yalldpopu】a血ndis机bu如nworkroimproveanenv▼ironme山一a】0句ectjveor  
improvedwaterqualityandancconomicob］eCtivdortheleastcostexpenditure，reSPCCtive）y・  
Furthermore，ahigherbenefit－COStratioorahigherwillingnesstopaylorirnporovedwater  
quali［yleadstothesituationinwhichthelocationpatternorsewagetreatmentplantsismainly  
regulatedbytheenvironmentalob］eCtive・Incontrast，alowerbcnefit－COStratioleadstothe  
situationinwhich血economjco句ec〔ivesuppor［cdby5CaJeeconomiesin5eWage加a加en丹】ay  
a m叫Or rOle orregulatlng thelocation pattern orplants・   

Las（，althouhourapproachisunconventionalandrathersimplified，itproducesresults  
which are not provided by the convetional approach. Our approach shauld facilitate ihe 
integration orthc sewage treatment plantlocation probleminto the main body ofurban  
eco”Omics，and hclp toil】us【rate schematically亡kiI胱rre】alionshjp belween jntraur♭an  
populationdistribution，Variationsinthewasteassimilativecapaclty，andthelocationorsewage  
treatment plants・  
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APPENDlX：Prooro［the monotoniclty OrC；and Wムwith respect toi  
Firstofall，WePOLeLhatthcconvexILyoftheindividualtotalcostfulCtioncnsuresthatthcreexistsa  

∴・：∵ ‥ 
andl≦J≦i．  

Then，   

Cさ十l（Ⅹ‡・・X‡，X汁1，X‡＋．－X汁】，．．X‡）－C知手・．X‡）   

＝C′（x汁．）十CI（Ⅹア＋－－X汁．トC．（x‡．．）   

≦∂CI（x‡＋Ⅰ）＋り一∂）CI（Ⅹ‡＋，）－C．（xご十】）＝O  

Nextwegoon10prOVCthatwealwaysdecreaseavalueorWLjustbyincreasInganurnberorplants．  
SinccWふisacon（inuou声realfunc（ionbrallpoints（xL， 

． 

locationsorPlantsx’），・・・，X’iandinsert（he（i＋1）－thplan（1ntOanart）ilrarYPOin（，Say，a（adisLancessLrom  
thetLthplanL，Whercl卑≦i，andO＜s＜ち十】・Then，   

lVム十l（x’卜 ▲Ⅹて′SXl＋】－S・‥X，i）Wムい，卜．X，‘）  

＝b。SeXP（－K．（d＋占－∑Ⅹ，k－S））                                  l 一   
・‥     ＋bo（xl＋l‾S）exp（十K，（d＋d－∑x’鳥））  

－ tl  

ノ＋l     Lboxン＋L eXP（pK，（d十d∑ x’鳥）） た＝l  
＝bnexp（‾K，（d＋d‾∑x’鼻））s（exp（K声）－eXp（Krxン＋－））＜0・                              上 ＝】  
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Chapter 4 

Economic Analysis of Water Quality Monitoring System 

Y．Matsuoka and M，Naito  

A8STRACT  

Op（irnaldesignofairandwatcrqualiLymonitonngsystcmisoncorthemaJOrissuesinthe  
environmentalproblemsinJapan・Withregardtotheproblem，therearetvvoas 

． 

howmanystationsareneeded・Thcformerhasextcnsivelybeenstudied（hesesevcralyears  
whileonlyllttleefTorthasbeendevotedtothelatter．Thisismainlyat（ributed（OthedifTiculLyln  
evaluaIlng【he utility or bencllt Orinrormation・  

The present workis to proposc a qua・ltitative basis to decide the optlmalamount of   
inbTmation．ThecrilmaOrtheoptimalitYisd仁一ivedbYthecost／kn血an叫sis．Thebencnlis  
definedhercasthenegativeofLeconomiclossresultingLromapoorenvironmerLtalmallagemenl  
POllCy ba5ed on uncertain data．  

TodcmoTIS（rate（heproposedme（hod，LakeKasumlgauraisadop【edtowhichanop（1mal  
numberor5amPllngPOlrltSand【heirspatiala】loca（ionhavebeerlCalculated・About40pointsis  
estimated as optlmalnumberin this ca5e under an assumcd water qual．ty management  
SCenarlO．  

1INTRODUCTION  

EfrectivemanagementofenvironmentalqualityrequlreSafoundationofinformationonthe  
statesorthecnvironment▲Agreate什orthasbeenmadetoconstructasystemformonitorlng  
erlVironmcnlalwaterqualityduringlhelastdecadeiIIJapan・Alotofproblesms，however，Should  
be soIvcd befbre a monitorlng SYStemis rationally designed and operated・   

Themostimportantoneistoidenti吋howmuchinformationthesystemcou】dprovideforthe  
WaterqualitymanagcmentunderaglVeneXPenditureorsamplingandanalyzingefrorts・Coping  
Withtheproblem，thisstudyproposesaquantitativemethodtobalancetheutilityofacquired  
dataandtheefTcrrtpaidtoobtainthemLromLheviewpointofcost／benefitanaly5i5（Matsuoka＆  
Naito，1983）．Inthismethod，thebenelitofthedataismeasuredasthereductionofeconorrlicloss  
ofthewaterqua）．tymanagementprogramowlngtOreliabledata・Thebenefitiscompared、Vith  
thecostofdataacqulSitiontofindthemosteETectivelevelorwaterqualitymonitonng・Inorderto  
demonstratethe†easibilityofthepresentmethod，anaCtua】1akewasadoptedtowhichanoptlrnal  
rLumber ofsampling polntS and their spatialconfiguration have been calculaLed・  

2 DEFINITION OF TI｛E BENEFIT AND COST OF  

WATER QUALITY MONITORING  

ItisorvitalirrlPOrtanCetOeValuatehowmuchcontributioncanbemadebyamonitorlng  
SyStemtOWalerqualltymanagement■ThiscanbeattributedtotheLundamentalandgenera）  
PrOblemhowtoevalutethevalueofinformation・Ourapproachtothevalueofinlormationis  
Similartotheconceptor”lossfunction”irlthefieldofdccisionrulesundcruncertainty（Dorfman，  
1962）・Herewedividetheactualnctsocialbenefitofwaterqualityimprovcmentintotwoparts，a  
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netbenefityie）dcdundercertainty‖，anda”loss‖・Thenetbenefityie）dedundercertaintyisthe  
net beneLit obtained where the water quality measurement Lbr which the watcr quality  
managemcntprogramwasdesigneddoesI”tinvoIveanyuncertainty・Thelossisthcdiscrepancy  

betweentheactualnetbenefitwhichresultswhenthemeasurcmentofwaterqualitydeparts丘om  
atruewaterqualityandthenetbenefityicldedundercertainty．Thenthcvalueofinformation  
ObtainedthroughwaterqualitymonitorlIlgisdcfinedasthenegativcofthelossresultingfrom  
exECut】nga”jnappropr】a【e一拍陀rquaHけmanagemen一匹呵▼ba5edonuncerねinjnforma【ion，  
Here the expected neL socialbenefitis written as   

あ＝E（¢（Ⅹ））＝Jニ¢（X）prob（X一両dX  
（1）  

inwhich（か（X）isthenetsocialbcrlefhbroughtaboutbyapplyinganlanagementpOlicydecided  
basedonthcinformationX（＝measuredwaterqua】ity），Whichusuallyscattcrsaroundthetrue  
Waterquality芳oLあistheepCCtationor¢（X）■   

IrthereisnouncertaintylnmeaSurlngthecurrentwaterquality，thetaskorwaterquality  
managementauthoritymaybedescribedasfollows・BvobservlngthecurrentwaterqualityXJ，  
themanagementauthoritytakesactiontoinprovethewaterqualitytoX2・Inthissituationwe  
definethesocialbencfitofmaintainingwaterqualityatX2tObeB（X，）andthecostofimproving  

Walerqua】j【y丘omXltObeC（Ⅹ1，Ⅹ2）・Furtherrヮorewea55umeamanagCmen〔goa】or止e  

authoritylS tO Select thatlevelorwaterquality X2Which maximize the netsocialbenefit  

¢（X】）＝Max¢（X一，X2）  
Ⅹ2  

Maxrβ（Ⅹ2）‾C（Xl，Ⅹ2）  Ⅹり  

＝β（i2）－C（X日毎）  
（2）   

Inrca7・（y；thereaLwaysexis［uncer［ai．1【ylTIWaterquaJityIneaSUremen［．hl［hiscase，thc［aSk  

OfmanagementautorltylStOSelectthatlevelorwaterqllality曳2Whichmaximizethedi爪〉TenCe  
between socia】benefit and the expected costorwaterqualityimprovement   

¢（曳．）＝Max（β（X2）－／C（Ⅹ，Ⅹ2）prob（Xl曳．，りdX  
X2  

＝β（旬E（C（曳2））  
（3）  

However，iftheobservedwaterqualityXlisdifrerentfTOmthetruewaterqualltykhtheactual  
】cve】orねrgc川a【erqua】iけmaybed膿rc両丘om栽・Tha【is，becauseortItcu－1Cerはintyor  
Observedwaterqua】ityvalueX】，CVenirwespcndtheTleededcostC（X．，X2，）forwaterqua）ity  
rnanagementprogram，theachievcdwaterqualityYmaynotbeequaltoatagetwaterquality  
LeveLX2，Wherethetargetlevelisdecidedbasec［01－theavailablecos（CandontheassumptlOn  
thattheobservedwatcrqualityX2isthetruevalue・ThustheattainedwaterqualltylevelYis  
determined as follows   

C（X】，X2）＝C（斉1，Y）  
（4）   

Thenthebenefitorwaterqual】tymOnitorlngisdeflnCdintermsofthenecor）Orr］icJoss，＝  
i・e・，thedifTerencebetweenthcnetbenefitrcsultingfromtheopt】malmanagementpolicyandthat  
resulting Lrom aninapproproate policy based on erroneous data as fo）］ows，  

上＝¢（斉1）‾¢（鬼1，Y）  

This definitionalcquationis cxplainedin Fig・1・  

（5）   
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X2Y完2Xl宝，  

Deterioration（）fv帽terqU8lltY  

Fig・1Explanationorcqua【ion（5）  

IngeneralitisdiL7icultandimpracticaltoidcnti吋socialbencfithnctionexpllCitlyinterms  
ofwaterquality）cvelLThisisthemq）OrreaSOnWhybeneLit－COSLanalysesil－thisfieldhavenot  
n111ysucceedcd・To make Lhesituation morc practical，the benefit functionin this workis  
providedbyastepLtlnCtionwhosevalueiszerowhenwaterqualityisworsctharlaCertainlevel  
suchaswaterqualitYStandardズ＊andisβnwhenthequalitYisbetteTthanth巳SPeCi坑edlevel・  
Then，the net benefitis glVen by，  

¢（X．，X2）＝月。H（X2≦ズ＊）－C（X】，Ⅹ2）  （6）  

anrl 

irX2＞∬＊  

irX2≦〟＊  

畔豆）＝〈？；  

and theloss oreconomic efriciencylS Written as follow5＝   

⊥＝¢（i．，∫＊卜¢（X．，Y）  
＝β。（1－H（Y≦∫＊））－1c（；1，∫＊）一C（ズ＊，P。l；い♂）－  

where   

P。＝J㌔r’prob（Y）dY＝）諦（YくX＊）Pr。b（Y）dY   

（7）  

andProb（Y）istheprobabi】itydensityLunctionorY■Thisdefini［ionalequatioIliscxplainedin  
Fig・2，Wherethenetbenefitorachievedwaterqualitywhenthcmea5uremenLvalueisX】isequal  
to   

e豆＝β。－C（昔＊，P。IX∴♂）  

and［henetbenentofachievedwaterqualitywhenthemeasurementvalueisX】i5eq11alto   

O－左豆＝－C（∬＊，♪。IX】，げ）  

Finally，the expectedloss ofeconomic e什iciency adopted hereis written by，  
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Y Xか x，気x，■  
X＃   

Deterjoratjo－】Ofyゾater⊂IU∂Jjly   

Fig・2 Explana【ionorcquation（7）   

E（上）＝β0（卜瑞）－J印．，ズ＊）一」詳（∬＊，瑞lXt，グ）prob（Ⅹlj曳】，りdX11（8）  

3 A CASE STUDY OFOPTIMAL WATER QUALITY MONITORING SYSTEM  
IN LAKE KASUMIGAURA  

BymeansortheaLorementionedcost－benefitconcept，aPraCtica）caseorLakeKasumlgaura  
water quality monitorlng SyStCmis sLudied▲   

Thetargetwaterqualitylevel”0．07mg／lintotal－P”isadopted，Whichisstipulatedby  
lbaraki－Prefhuralgovernment・ToattainthegoaLamanagementpolicyoftheloJJowlllgSCeIlario  
is assumed．   

1）Water qualityis represented by totaトP・   
2）Reduc亡ionra亡ioorwa5［cwa【eref刀uentjneachca〔egoryor50urCe5j5aSSUmedprDPOrtiona】  

to the present emuent rate・   

3）Twocategoricsofsource5，“dornesticsewage”and“industrialwastcr”，areadoptedasthe  
o句cctorcontrol・   

4）Thereductionortotal－Pindomesticsewageistobeattainedbyemployingtirtially  
treatmentprocessconsistlngOrCOagulation－Sedimentationfo1lowcd bYhigh－rateSand  
Liltration and／or expansion orthe coverage area ofthe sewer system・   

5）Thereductionoftheindustria）wastewateristobeattainedbyfacilitatingsecondary  
treatment plant（and tirtiallyifneeded）in each ractory・   

6）Zerogrowthorpopulatio？andindustryisassumed▲   
Thelakewaterqual）tye5timatlOnismadeontheLollowlngSlmPlecompletelymixedmodcl，  

rd√／加＝上．十ん－（払十脚力）c  （9）  

wherecislakewaterquality，Viswatervolumcinthelake，L（andLiareinletandinner－prOduct  
load，Q［isexitflowrate，Wissett】ingvelocity，andAislakesurfacearea・   

Thevalueortheparamctersrelatedtothe）akeandsourcesorpollutionarelistedinTablel・  
Nowtheinvestmentnecdedtoconstructtreatmentfacilityshould beestimated，Thecost  
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functionsadoptedhereinaretabulatedinTablc2・ShDWninFig・3isthetotalcostevaluatedin  
terms or the reduction ratio．  

The marginalbenelit functionsis derived Lrom equation（8）as   

MB＝－一品－［印】，ズ＊ト伽∫＊，P。】Ⅹ．，♂）prob（X．一丈．，J）dX．〕 （10）  

The cost of water quality monitoring is defined as 

r＝α柁（J）〃＋β  
（11）  

whcreaisaunitco5tOrWaterqualitymonitoring，Pisamaintenancecostormonitoringsystem，  
Nisthenumberorrepetitionofsamp】ing，andTZ（6）isthenumberormonitoringpointswhichisa  
function or q．The relationship betweenl”nd dis emplrically obtained asfo1lows，  

J2＝α柁－0．28α．JF▲〃l・ヰ8  

TablelParametersorLakeKasumlgaura  

（12）  

171km2  

4m  

1559km2  

605082  

6200×10邑yen  
7093t／y  

lO．99×108m3／y  
COWS22624，pigs223695  

0．102mg／J  

1ake surrace area  

average depth  

drainage area  

population  

produclion of industries 

produetion of fish caLtivation  

e川uent rate  

number of cattle  

current T－P Level  

（1980’s Levelas standard）  

Table2 CosLLunctionorwastewater treatmen   

（10ぢye。，L＝m3／d）  

COnStruetion  maintenarlCe  

463（⊥／1000）0・719  20．3（L／100朗0▼697  

108．3（⊥／1000）0・774  10．6（〃1000）0・703  

107（⊥／1000）0◆636   10．99（⊥／1000）0・475   

332（⊥／1000）0・7  1．02⊥×10▼4  

l・・’l－l■ 一…  0．063⊥  0．270⊥×10‾4   

WhereSistheareaoflakeinquestion，andCandalaretheparametersrelatedtothevariation  
horiヱOntaloflakewaterquality・AstothetheoreticalbackgTOundfortheestimationprecedure，  
SeeMatsuoka＆Naito（1983）■Thenthemarginalco5tforwaterqualitymonitoringcanbe  
defhedin terms orequations（11）and（12）as fbllows，   

MC＝dr／d♂＝－2αJ〃／（α乃2－0．414乃2’48α】ノ吾）  
（13）   

An exampleorcalculation ofmarglnalbenefit and cost are shownin Fig・4and Fig・5，  
respectively・Combiningthesetworesults，theoptlmumnumberofmonitorlngStationscanbe  
Obtaineddueto［heprocedureasillustratedinFig・6・lnthiscaseofLakeKasumlgaura，ltisnoted  
thattheoptimumnumberofstatior15issuggestedabout40basedontheproposedcost／benefit  
CrlterlOn．  
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Fig・4 Marginalcostforcstimatinglakcwaterqualitγ1evel  
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MarginaJbenefitofmonitorin9 （109yen／mg／e）  

Fig▲5 EstimationormarglnalbeneLit  
（withat（ainmen（1evelPo）  

Stand8rddevねtionin  
estimatinglakewater  
quality   

（mg／ゼ）  

numberofstations  marginalcostorbenefit  

（109yen／mg／ゼ）  

Fig・6 DerivaLionorthcop11mumnumberormonitor）ngStaLions  
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Chapter 5 

Welhrt 
。 

Y．Kitabatake  

A8STRACT  

AgeneralmodetR）rman’sutilizationorwaterresourcesispresen（ed，inwhichthelinkage  
between man，s pr（duction activities and environmentalsYStemSis foTmulated based pn  
Whitcomb’sgeneralizedjointproducLionmodclandKneese’s（ransfer†unction．Thegeneral  
mode）isspecifiedforapar（iculaTCaSeOraqua〔ul（ureinl・akeKasumlgauraSOaS（OeValuate   
【crmsor【hepricedataor1978thewclfarecostofeutrophication・CauSedproduclionlo5SeSunder  
the assumptLOn OfLhorizontaldemand curve．  

1INTRODUCTION  

lflageneralmodelofreglDnalwaterqualitYmanagernentinchaptcr2，thestepwisefunction  
isassumedfortheefn≡CtSOrenVironmenta）qualitydeteriorationonman，swellareLThatis，Onlyif  
WaterqualitysatisfiesanexogenouslyglVenenVironmentalstandard，thevalucofwaterqualityto  
man’s welfarc takes some positive va】ue，Otherwise zero value・This way orhandlingthe  
environmentaleLrectsis noL valid for the situationin which the eLrects ofimprovements or  
deteriorationinenvironmcntalqualltyOnman，swellarevariesamongpersonssuchasconsumer5  
and producers as wel）as among the type orenccts such as human health and economic  
PrOductivltyOfecologlCal5yStem・Underthiskindorsituations，itbecomesimportanttoquantify  
the multidimensionalnatl】re Ofwater usages，qualities and receptors so as to achieve an  
econoInically optlmallevelorwater quality・   

ThepurposeorthischapteristopresentamethodologyLorestimat）ngtheeLrectorwater  
qualitydeteriorationoneconomicproductivltyOfaquacuIture・Specifically，）nSeCtion2，ageneral  
modelforman’suti）izationorwaterresourcesi5PrCSented，WhichconsidcLrSman’sproduction  
activities，treatment at SOurCe Ofresiduals dischargedinto a water body，POllution－CauSed  
damagesonproductionactivities，andenvironmenta】models・Themodclisspecifiedinsection3  
Lora 

． 

Calculatethewe）farecostofLeutrophication－CauSedproductionlosseswhenthehorizontaldemand  
Curveis assumed and fishermen have no controloverlake eutrophication．  

This chapter reproduces the only paper（KitabaLake，1982）we know orin which a  
PrOductionfunctionanddamagetunctionareseparaLelYeStimaLedandcombinedtoLindwelfare  
COStOfproductionlosses・ThuswhilethestudyisreglOn－SpeCific，Lhemodelpostulatedinthe  
PaPerisbasedontheconceptual丘ameworkofwelEareeconomicsandisbelievedtobegeneral  
enough Lor application to other cmplricalstudies・  

＊Slightlyadap【edandexpandedfromhWelfareCostofEutrophication－CausedProductionLosses：ACase  
OfAquacultureinLakeKasumigaura，”byY・Kitabatake・InJournalorEnvironmentalEconomicヲand  
Management9，1982，p乱geS199－212．CopYrigth◎1982byAcad亡micl）ress，lnc．ReprintedbYpermlSSlOnOr  
the publisher・  
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2 A GENERAL MODEトFOR MAN’S UTIuZATION  
OF WATER RESOURCES  

The production activities for thei－th economic agent utilizlng Water reSOurCeS arC  
represented by the followlngfourequations：  

1
 
（
ソ
一
々
J
 
A
．
 
 

Fl∫（Y】，V∴U‘，Q）＝0・  

F2i（Di，V2i，U‘，Q）＝0  

吋（Wざ，V。－，Uり＝O  

F4（Wl…・W肌，Q）＝0  

wherc   

Yi  is the con、′entionaloutputs，   

Df  j5theda汀】age50n Ou中u‥）rIheprDduc血n】D55CS，   
Wi・is the residuals dischargedintowater body，   
Ui二  jsELlejoJntlnPutS，5uChasfeedingLoodinaquaculture，appearlnglnallthrec  

equations k汀agentl，   

VIL is theordinarylnPutS tO the production orYZ，   
V2L is theordjnary川Pu（S eXPerlded toreduce theproductionlosses，  
V3－ is the ordinary］nPutS tO the treatment orresiduals，  
Q  is the watcr qualities orwater body，  
m  is the number of economic ag-ents. 

Equation5（り，（2），and（3）areorimpJjcjIfuncIioT）aJforms，POStulatedbasedonWhitcomb－s  
generalizedjoint production modeJ（Whitcom』，1972），Lhough we disregard for・10［ariorla）  
convenience thc sufrixcs related to spatialdimension．Eq・（4）specifies theso－Called transfer  
function（Kneese，1975）whichinterrelatesresidualsvariablestowaterqu？litiesorawaterbody  
in】queStion・   

Withasetofordinaryandjointinputprices，thecostLunction，Ci（Yi，DL，Wt，Q），isderived  
foracostminimizingagenti，丘omEqs．（l），（2），and（3）5uuCC［【0［hecons（rain［sonYi，Di，Wi，  
andQ．ThecostiscomposedorthecostorproducingtheoutputYL，thecostincurredbykeeping  
theproductionlossesatthespccifiedlevelorDZ，andthetrcatmentcostincurrcdbykeeplngthe  
residualsatthelevelorWi・ThenaParetooptimalwaterqualityleve）isderived，forglVen  
quanti［iesof（YL・・・Ym）and（D）L‥Dm），byminimizingthesu甲Oralltheindividua］costfunctions  
Su叫eclto the transfer札nction，   

Previousernpiricalresearchesaremostly，inprinciple，COnCernCdwiththederivationor（WI  
p・・Wm）andQfromthecostfuncLion50rtheform，Ci（YZ，WL），andthetransferfunction，forgiven  
quantitie50r（Yl・・・Y爪）・ThenotableexamplesarevariousstudiesdoncattheRe50urCeSforthe  
FuとUre（ぶee Bower，1977；Spo鮫）rd gメ■〃J－，1976）■  

、汀weassu－－1e血a【anyCCOnOmicagentii5unab】etofore5ee，CO山rolandpreven！prOducrjon  
losses，［henDfandWZdonotenterhiscostminimizationcalculationandthecostfunctionis  
reducedtobeチfunctionorYiandQ・TrwefurLherassumethatalleconomicagentsbelongtoar  
industryandtheindustrydemandcurveishorizontalwithaglVCnPriceP，thenthewelfarecostlS  
definedasthedecreaseintheproducersurplusductotheproductionlossesatthespeciLicdwater  
qua】jry   

Jご」。（P－MC）dy  

where  

（5）   
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†氾  
Y＝∑ Yi  

i＝l  

／▼J  

D＝∑ Di  
f＝l  

MCis the horizontalsum oftheindividualmarginaIcost functions，∂CL／∂YL  

Fig・1explainsgraphicallyEquati？n（5）forthecaseoracompetitiveproducer・Asageneral  
discussion ofdamage thnctiorL eStlmatiotlprOCedure，SCe Freeman（1979）．  

∫ Y－D Y  

Productionquantity  

Fig．】Welhre cost aslhe decreasein the  
PrOducersurplus  

3 THE SPECIFIC MODEL FOR AQUACULTURE 

3・lTllePrOdllCtionfunction   
CarpproductionquantltyforanindividualfishculturcoperatorisaLunctionorcaplta），  

1abor，andfeedingfood・Thesethrecvariab】esareeonsidcredtobejolntlnPutSforareason5tated  
below・Avarietyorotherhctors，SuCh aswaterqualitiesorhiscu】turcground and sizeor  
liberation，WhicharcrepresentedbyaparameterA，a汀ectproduction・Theproductionfunctionis  
in the form ofCobbrDouglas production ftmction   

Y＝AUlαu2βu3γ  
（6）  

whereα，β，γaretonstantsandU．iscapitalinvcstedincultureoperation，U2andU3are，  
respectively，1abour and food expended throughout the culture season・   

3.2 The damage function 
FromtheviewpolntOfdose－reSpOnSerelationship，thedamageoncarpproductionismostly  

CauStdbyperiodicrcductionofoxygen）evcIswhichhavebccnobservedtooccurduringsummer  
periodsinmanyeutrophiclakes・ThedamagequantiLicationcxerciseismadeextremelydifncult，  
becauseorthelackofavailabilityorhardscientificdataderivedn・Om［hecontinualmonitorlngOf  
Culturegroundaswclla50favarietyordamagereceptor，sproductionmode・Theeutrophication  
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damageoncarpproductionwilloccurundervariouscircumstancesandatvariousratcs・Taking  
anaggregativeapproachtothisdose－rCSPOnSere）ationshipwhichignoresthedctailsordeathor  
illness，WePOStulate thatthequantltyOfcarpdamageorlhequantltyOrdamagepercarp  
productionforindividualoperatorisafunctionortwosubsetsorvariablesthatarerelatedtoJOlnt  
lnputSandwaterqualityorhiscultureground，WhereanordinarylnputSuChascapr（alinvested  
inaerationdevicesisnotformallylnCludedinthefunctionduetothelackofreliab】cdata・Though  
thejolntlnPutS，1nreferencetothegcneralmodel．shouldberestrictedLofeedingfood，CaPltaland  
labor are treated asJOlntlnPutS・For data on carp damages are obtained not through  
well－COntrOlledlaboratorycxperimentsbutthroughsurveyquestionairewhichareconsideredto  
bc afrected，amOng Others，by surveyee’s production modc・   

Figr2showsthede5Crlpt10nOrtheexplainedandexplanatoryvariablesusedinthedamage  
Lhnction．TwoalternativeわrmsareassumedforthedamagefunctionaIldarewritterla5follows：  

D＝L2）（Ul，U2，U3，Q），Q2，Q3）  
D／Y＝f？2（U），U2，U3，Q．，Q2，Q3）  

where  

Q）is temperature，   

Q2isSecchidisktransparencyミ  

Q3 is chlorophyll－a COnCentrat10nL  

Secchidisktransparencyandchlorophyll－aCOnCentrationarechosen，basedonthestudymade  
byCarlson（1977），aS theindicators ofeutrophic status ofalake watcr・The Lormeris  
characterizedbyitsreliabilitylnmeaSurementandthelatterbyitssuperiorltylneStimatlngalgal  
biomass・ThoughthefluctuationsindissoIvedoxygenasweuastemperatureisconsideredtobe  
theprimarysourceorstre苧Sforfishesinaneutrophiclake（Snieszko，1974），thedissoIvedoxygen  
wa5eXCluded from thewaterquality variablesfor a reason stated below・   

TheTaYlor，stheoremshowsthatEqs・（7）and（8）areapproチimated，hranxedpoint（U・’，  
U，＊，U3’，Q．，Q，，9。）andinthesmallneiborhoodorthepolnt，bytheLo）lowingequation5  

凹†出  

トempe相加e  

l 決cclu戯5ktIanSp打enCy  

q
 
Q
 
Q
 
 

cl山【OPhyl－a  

pro山伽ne伽  

Capit且1（Ul）  

】abour（U】） －一一－ 

feed （U】）  
＞  

e（D’  

－－ 
－＞：ニ  

c灯pprOduc岨on  （Y／D）  

′＼   
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D＝f2，（U∴u2＊，U，＊，Q．，92，Q，）十a．（U．rU．＊）＋a，（U，LU2＊）   
＋a3（Uが－U3＊）＋a4（Q．」∋1）十a5（Q2一旦2）＋a6他一旦3）  

D／Y＝f，，（U∴u2＊，U，’，Q．，皇2，皇3）十b．（U．－U．＊）＋b2（U2－U2＊）  
＋b，（U，－U3＊）＋bヰ（Q．LQl）十bi（Q2－92）＋b6（Q，＋93）  

wheref2Landr22areaSSumedtohavccontinuouspartialderivativesuptothefirstorderforthe  
neighborhoodofthepoint，InEqs．（9）and（10），U．＋，U2＊，U，＊arc，reSPeCtively，theoptimal  
Valuesofthevariab】es related toJ？1ntlnPutS，underwhich theglVenquantltyOrCarP，Y，is  
PrOducedattheannualaverチgetCmPFratureOfQIWiththcleastcost，PrOVidcdthatwaterquality  
rcpresentedbySecchidepth′andchlorophyll－aisnotrankedaseutrophicandindicatedbyQ2  
andQ3・Thatis，Eqs・（9）and（10）showthatthequantityorcarpdamageorthedamagerate  
increases，ifthejolntlnputSeXPendedeLTiciently，Withtheprogressoflakeeutrophicalion・The  
exclusionordissoIvedoxygen from thewatcrqualityvariablesrestsomthefactthatdataon  
hypolimneticdissoIvedoxygencouldnotbcobtainedEromthcstudyarea，forwhichLheminimum  
Value oreutrophiclake conditionsis availablein Gakstatter et al．（1976）．   

3．3The cost function  

ThecostfunctionLoranindividualoperatorisderivedbyminimizlnghisproductioncost  
Su句ect to th仁prOdutioniⅥnCtion andis exp代SSed as  

C（Y）＝w．U．＊＋w2U2＊＋w，U，■  、l、  

where  

Wlis the depreciation rate ofcapltal，  
w2 is the unitlabor cost，  
w3 is the unit feed cost，  

PrOVidedthattheelasticitycoefncientsa，β，γareallpositive・Thederivedcostfu－Ctioniラa  
functionofYonly，Lortheproductionfunction（6）doesnottormal1ycontainanywaterquallty  
variable，  

4 EMPIRICAl．ESTIMATE   

4・1Study area and data  
LakeKasumigaurainJapanisselectedtostudytheeutrophicationefrectsonaquaculture，  

Whichisiamousincommoncarpculturea－1dpTOducedil－197636％orthetotalcarpproduction，  
23534・tOnS，ininland丘eshwaterculture・Ilisashallowlakewithmeandepthorfourmetersandis  
200km2insize，thesecondlargestlakeinJapan，andhasmeanhydraulicretentiontimesof200  
days・ApproximatelyO・26km20fthclakewatersurfhcewasestimatedtobeoccupiedin1978by  
aquacu］ture・Fig・3describesatyplCalcarpculLureoperationwhichinvoIvesLhcuseorcagesand  
pensconstruCtedofnylonnettlngLFeedsupplyboxesarcalsoshowninFig▲3，Whichfeedthefish  
COntinuously†or some speCified time period with the power orelectric motor・  

Therearethrcesourcesofdatafortheemplricale5timate5Orthemodel・Thedataoncarp  
production，JOlntlnPutS，and damage are derived from the survey questionairc conducted  
independentlyby theNationalInstitutefor EnvironmentalStudies（see Kitabatake＆Aoki，  
1980）andtheKasumigaura－KitauraFisheriesOfriceoflbarakiPrefecture（1977）・Thesesurveys  
WereOrSel†こreportlngSurVCy・1ntheformersurveythequestionairesweresent」01nt】ylthrohghthe  
fisheriescooperativeassociationsandtheprlVatere5earChcompanycontractedbytheInstituteto  
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Fig・3 CultureoperationinLakeKasumlgaura   

allortheEisheryhouseholdscngagedinfIXednettlng，traWlnet，andcarpcultureoperations，While  
inthelattcrtheywcresentthroughthefisheriescooperativeassociationstoalloftheLishery  
householdsengagedincarpculture・Inthisstudy，aPartOrthcNIESsurveydataisutilized，  
whichisrelatedtocarpculture・Tablelsummarizcsthedifrerenceindesignorsurveys，Where  
onlytherelevantpartorthesurveysareincludedLIntheKasumlgaura－KitauraFisheriesOmce  
survey，dataontheannualproductionweretakentobethediLTerencebetweenthesumorthecarp  
quantltySOldandthequantltyeXistedattheendortheyearandthesumofthequantltyeXistedat  
the end orthe previous year and the quantlty Ofliberation・   

ThewaterqualitydataforLakeKasumlgauraWeretakenfromtheIbarakiPrefectural  
Government（1978，1979），and thcwaterqualityvaluesassociated with thetransitionfrom  
mesotrophictoeutrophicconditionwereassumedtobe2mctersforSecchidepthandlOppbfor  
chlorophyll．a，based on Gakstatteret al・（1976）・   

4.2 The production function 
DuetothelackofproductiondataintheNIESsurvey，thcproductio－1Lunctionisestimated  

inthefo1lowlngWay・First】therelationshipwasstatisticallyestimatedviathesourcedataofthe  
Kasumlgaura－KitauraFishcriesOfficesurveybetweentheannualproductionandtheamountor  
feed input such that 

logY＝－0・155十0■899logU3】 N＝31，R2＝0・899  
（16．095）  

foranindividualoperatorequlpped with†eed supply boxcs and  

logY＝一0・220＋0■937logU3， N＝59，R2＝0・930  
（27．559）  

（12）  

（13）  

forthosefecdingwiththeirhands，Wherethetstatisticsareinprentheses・Intheseregression  
analysIS，thesourcedatawereexcludedlTOmtheanalysIS，】nWhicheithertheproductionorthe  
feedinputdataweremissingandinwhichtheshareorthesyntheticfoodislessthan80％interms  
ofwetbasisorthetotalfeedinput・Fig・4plotstheregressionlinestortherangeorvaluesrelevant  
t。data．Feedconversionrateisestimated tobeslightlyhighforoperatorsfeedingwiththeir  
hands－orfeedinputgreaterthan51・4tonsthanthosewithfeedSuPPlyboxcs，Lhoughtherangeof  
valuesrelevanLtodatarevealsthatthclattercancxpandtheproductionupto173tonsbeyond  
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the maximum level of 69 tons achieved by the former. 
Sccond，theproductionover4－mOnthperiodisestimatedthroughtheproduction－feedinput  

relaLions，（12）arld（13），andLheNIESdataonthequantityofsyntheticfoodinput・Hcre，We  
assumethatthehighertemperatureinthesummcrperiodof1978thanthator1976doesnotaffect  
theproduction－feedinputrelations・Thentheproductionfunctionwassatisticallyestimqtedin  
terms orthe estimated productionlevels and da［a on capltalandlaborlnPutS SuCh that  

log Y＝－0・855＋0・797log Ul＋0・196log U2  
（5．004）   （1．123）  

N＝43，R2＝0・8955  （14）  

Lor anindividualoperatorequlPped with feed supply boxes and   

log Y＝－1・244＋1・104log Ul十0・113log U2  
（5．451）  （0，554）  

N＝37，R2＝0．594  
（15）  

forthoseLeedingwiththeirhands，WhereUliscapltalinputin104yenandU2islaborinputin  
man－hours▲CapitalequlpmCntlnput，Whichistheannualfloworcapltalscrvices，1SaSSumedto  
equalthestockorcapltalgoodinexistencewhichisdcLincdLobethcsumorculLurc一一etSandfecd  
supplyboxesmultipliedbytheirrespectiveprlCeSOr50Lhousandyenfbraculturenetand70  
thousandyenforafeedsupplybox．Thoughculturenetsandfeedsupplyboxeslastaboutthree  
years，the stock of capltalgoodin existenceis assumed to be keptintact by operators’  

TablelDesignorsurveyquestionaircsa）  

KasumigauraKitaura  

Fisheries Office survey  
NIES survey  

Survcy pcriod：  

BetweenJune1978and  
September 1978 

Executed period：  

Between November1978  
and March 1979 

Items surveyed：   

Carp prOduction  

BetweenJanuary1976and  
December1976  

Between March 1977 and 
September1977  

X  

（ton／y）  

1abourinput  Ⅹ  
（man－hours／month）  

capilal input イ 
（1。。。）   

feed input X  

（tom／month）   

damage inflicted X  

（10kg／month）  

Number of respondents：183  

Return ra【e  O．52  

a）Theitemssurveyed areindicated by symbol・lX・▼．  
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Fig・4  Estimated relationship be（Ween CarP PrOduction and feedinput  

maintenanceactivities■ThusthecapltalrequlrementSforconstruCtionorsupport）ngStruCtureOr  
CUlrurecageandLbrpul・Chaseo［eJec［rLcmo［orareexCluded丘omtheestimationo［capltaZinput・  
Furthermore，thesampledatawereexcludedfromthecstimationorEqs・．（14）and（15），inwhich  
SOmeSuIVeyitemswereunanswercd・ThelowtvalueforlaborclasticitycoefricientinEq．（15）  
may beexplained by the observationalfacts thatoperatorsfeedingwith theirhands utilize，  
COmParedtothosewithfeedsupplyboxes，mOreunPaidfamilylabor，thequalityorwhichi51ikely  
to varY greatly・   

4・3The damage function  
Datausedtoe5timatethedamagefunctionsspeciEiedinEqs■（9）and（10）weregatherd，aS  

notedin section4・1，h－OmtheNIESsurveyandtheoLTicialpublicationonwaterqualitydataof  
Lake Kasumlgaura・Tab）e2and3summarize the NIES survey results with respect to the  
Culturedcarplossesbysymptomsand丘edingmethods，andtorespondcnts’evaluationofcausal  
Lhc（OrS，Wherere5POndentsareidenticaltothosewhosedatawereempJoyedfbrtheestimationor  
PrOductionrunctioninsection4・2■The430PCratOrSamOngthetotalor80respondentsreported  
nonzerokgofmonthlydamageandtheremainlng370PeratOrSrePOrtedzerokgLTablc2show5  
that62％ofLthetotallossesisassociatedwiththespeciflCdsymPtOmSOfいLishdiedinnet，，and  
‘infectedfish”whichwerelikelytobecausedbythedeteriorationofand／ordailyandseasonal  
Variationin water quality・On the other hand，the respondents’evaluation orcausaHactors  

reveaL，aSShown；nTab）e3，止a‖Lledeteriorat；oT－Ofwa［erquaJ吋ora）ga）bJoomwasbe）ievedby  

themq）Orl［yortherespondentstobethesignincantdamagehctor・Basedontheseobservations，  
dataonthetotallossestakenh・OmtheNIESsurvey，Whichincludebo［hnonzeroandzerokgof  
monthlydamageloreachor800PeratOrS，are）ikelytobecxplained，tOSOmeeXtent，bythewater  
quality variables as specifiedin Eqs・（9）and（10）・  

AsFig・5shows，thereare18monitor）ngStationsin LakeKasumlgauraatwhichwatcr  
quaJi【ydata have beenはkcn oncea mon〔h丘om［k5urfaceor［k】akeⅣa叫WhereLake  
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Table2 Culturcdcarplossesbysymptomsandreedingmethod5during【he  
PeriodfromJune1978LoScp【cmbcr1978  

SymplOmS T飢al  
unanswert】d 】osses  

（t）  （l）  

fishdied i【lfe亡ted malformed s山klng Others  
in ne【  1ish  lish  fish  

（t）  （l）  （t）  （t）  （l）  

Nl川】beroI  Numbl】rOf  
r叩ndents   

諾iミ㍗ざ霊誇e  

a叩Ol】ntSO！  
亡arp10SSeS  

3q  32．1  4，5  0，且  0  

13  14．4  1．2  0  0  

43  46．5  5．7  0．8  0  

16，3    14．6  68．3  

0  0．3  15．8  

1（〉，3   14．9  朗．1  

Table3  Percent dislribution ofresponden（S，rcsponses to causaIractors  

Nl】mb～ー（〉f  

resp）ndeローs  

Totalnumber scar亡eamOun【 e冗CeSSlvely  

Dfresponses ofrai】11a】】   higll  

lemperature  

（射  （％〉  

variatiol10f  

lake wa【er  

and／0rOIwater  

【empe「ature   

摘）  

inflow  

of【0エi亡  

mater】als  

deterioraliom  

Ofwter  

qlほ11【yor  

alg且】b】〔船m   

（％）  （％）   （％〉  

KasumlgauraisageneraltermfortwosublakesandcalledLakeKasumlgauraandLakeKitaura・  
DuetotheunavailabilityofwaterqualitydataforanindividuaIcultureground，dataIorancarby  
monitor川gSlationortheaveragedataorthescvera）nearbystationswereused・Thenumberor  
operatorsisshowninparenthesesinFig▲5andthesolidarrowconnectsamonitorlngStationwith  
itscorre5POndingculturegroundsandwithit5COrreSPOndinggroupofoperators▲Thosedatain  
theNIESsurveywereexcludedfromtheanalysIS，Whosecorrespondingwaterqualitydatawere  
notsubstituted bY anY nearby morlitormgstation、Two dummy variables are employedin  
addition10Variab）esspecifiedinEqs．（9）and（10）inordertotakcintoaccountofthediEferencein  
thetopographyoranygeneralfeatureorculturegroundbetweenthetwosublakcsorLake  
Kasumlgauraandorthedifrerence between userand nonuseroraeration devices・   

The stepwise，1inear）multivariate regression procedure was used for determinlng the  
damageLunctionspecifiedinEqs・（9）and（10），Wherethe5amPleissplitintotwosubsetsfrom  
operatorswithleedsupplyboxesandthosefeedingwiththeirhands・Furthermore，duetothelow  
t－ValueofhborelasticitYCOe爪cientinEq．（15），thesamplemeans，UlandU2，areutiliヱedforUl  
＊andU，’inEqs．（9）and（10）Lorthe）attersubset・Theregressionrcsultswerea5follows：  

For operators equlpPed with†eed supply boxes  

D＝A9．203十0，127（Ul－U．＊）＋0．201（U2－U2＊／4）＋5．819（Q．－Q，）  
（1，704）  （2．679）  （1・642）  

N＝152，R2＝0・068  

D／Y＝－15．673＋0．006（U】－U．＊）＋1．249（Q】－Q－）一7．082くQ2－92）－4・102∂  

（16）  

（一3・311）  （l．645）  （6，559）   （‾4・680）  

N＝152，R2＝0．331  （17）  

For operators feeding- with their hands 

D＝12．039十0．226（U2‾U2）  
（3．816）  N＝72，R2＝0．172  l＝＝   
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● rT10nirotingstation  

Fig・5 LakeKasumlgaura，Withtheloca（ionorwaterqualltymOnitorlng  
stationsandorselectedcarp culLure OPeraLors   

D／Y＝0．316＋0．006（U，－U2）  
（3．909）  N＝72，R2＝0▲179  

（19）  

whereallvariablesexceptY，U］＊，Ul，andU2＊aremonthlydataandthevariableswithsymbo］  
＊aretheoptlmalvaIuesofthejolntlnputVariablcs・lneachstepwiseregression，thebackward  
elimination procedure（see Hocking，1976）was employed to select the“best”subset of  
explanatoryvariables，Whereubestりisdefirledintermsorchangesintheresidualsumorsquares  
andtheFvalucsforinclusionandexclusionorvariablesarctakentobe2．0．Thevaluesbelowthe  
regression coefricients arc t statistics：   

Someremarksontheregressionrcsult5areinorder▲Waterqual1tyVariablesortemperature  
andSecchidepthandthedummyvariab】e，8，rClatedtotheuseofaerationdevicesenterthe  
＝bestMsubsetofexplanatoryvariablesonlylnanequaLionIoroperatorsequlPPedwithfeed  
supplyboxes．That転．thedamagerateforopcratorsLeedingwiththcirhandsi5eStimatedtobe  
independentofwaterqualityvariables・Atthispolnt，aqUeStionnaturallyoccursastowhythe  
difrerenceinfecdingmethod5houldresultinthecliminationofwaterqualityvariableasan  
explanatoryvariableofthedamagefunctions，Sincethewaterareabeingusedandtheassociated  
waterqual）tyarethc5ameforoperatorswithbothtypesorfeeding・Theanswertothisquestion  
seemstolieinthefiguresshowninTable2that91％orthetotallossesfortheoperatorsfeeding  
withhandsis represented by thesymPtOmOr“fishdiedin net，”compared to47％forthe  
operatorsequlPPedwithfecdsupplyboxes・Thoughallculturedcarplossesareconsideredtobe  
the end result ofaninteraction among a noxious stimulus，a SuSCeptible host and proper  
environmentalconditions，thecausalityorsymptomsotherthan“代shdiedinnet”isparticularly  
comp）ex・Thisprovidesananswertothequestionsuchthatonlythedamagerelationshipfor  
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OPeratOrSWithfeedsupplybo7’isexplaincdbythewaterqualityvariab）corSccchidepthwhichis  
COnSideredtobeageneralindicatoroflakeeutrophication，Wheretha＝broperatorsfecdingwith  
handsissupposed to beexplained bysuchaspecificwaterqualityvariableashypolimnetic  
dissoIvedoxygen，Thoughastilllarge．partorthetotalvariationremainsunexplainedinEq．（17），  
the slgn Orthe regression coefricients for water quality and dummy variableis statistica11y  
Slgnincantatl％1evelandis compatiblewith aprlOriexpectations．Asa monthlyvalue of  
temperaturerisesaboveanannualvalueandSecchidcpthdecrea5eS，belowthespecifiedvalueof  
2meters，thecarpdamagerateincreases，Whiletheuseofacrationdcviccsreducesthedamage  
rate，  

4．4The cost【un（・tiom  

Forthederivationorcostfunctionandthecalculationorwe）farecostfunctioninthenext  
SeClion，theunitprlCe－COStdataorTab】c4areutilized・TheunitprlCe－COStdataweremostlythe  
averageordataco11ectedbyintcrviewlngtherepresentativesorfisheriescooperativcassociations・  
ThoughlabordatatakenLromtheNIESsurveycontainboth，butdonotdistinguishbelween  
employedlaborandunpaidfamilylabor，theunitcostfbrcmployed  

inputs・   

Thecostfunctionisdennedin Eq．（11）．Here，U．＊，U2＊，  
substitutingtheestimatedvaluesforA，B，a，P，γinEqs．（12）  
equations，WhereB＝10e and eis theconstant termin Eq・   

U2＊＝A‾l／（吋β） U．＊＝AL／（a＋β）L（βw．／aw，）－P／（a＋β）Yl／（a十P）  （βwト／αw2）¢／（＝β）Y】／（α＋β）   
U。＊＝（YノB）1ノγ  

The the derived cost functionis written as   

C（Y）＝3．519Y）・OO7＋22，323Yl・】12  

】aborisappliedtoalllabor   

and U3＊areobtained by  
and（14）intothefol】owing  
（12）：  

（20）  

（21）  

（22）  

（23）  

ThencostLLlnCtionforanoperatorfeedingwiLhthcirhandsisnotderived，duetothefactthatthe  
estimateddamageequations，Eqs・（18）and（19），areindependentorwaterqualityvariables．   

ThoughthecostincurredtominimizetheproductionlossesforgivenYisformallyzero，the  
dummyvariableinEq・（17）relatingtheuseoraerationdevicessuggeststhatthequalitative  
evaluationofthisspecificcostispossible・Fig・6showsthetwolinesofzerodamagerateforthe  
alternativecasesofusc（8＝1）andnonuse（8＝0）ofaerationdcices，WhichisderivedLTOmeq．  
（17）undertheconditionoroptimalproductionmode，andwhcrclhchorizontalaxismeasuresa  
monthlySecchidepthandth占verticalaxisthedinerncebetweenamonthlytemperatureandan  
annualaveragetemperature・Annualaveragetemperaturesforstationlandstation2are16・43Cc  
and16・960c，reSpeCtivelyLAboveeachline，thedamageratebecomespositiveandthehalf－Shaded  
regioninFig・6showsthepositivedomain・Fig・6alsodepictsthetr∂JeCtOriesofmonthlywater  
qualityformonitorlngStationsland2showninFig・5，Whcrcthcsetwostationsrepresentthe  
bestandtheworststationintermsofSecchidepthamongthcstationsutilizedintheestimationor  

Table4  Unit prlCe－COSL data for the year or1978  

4 3 

Yearl。y。。。rt。n CaPita．rec．ati。n  l。yenr。an＿1。y。ert。n  
rate  hourofemployed  

labour  

1978  44．5  0．333  0，125  13．5  
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Fig・6 Ⅰ）omainorpositivedamagcrateforthealternativecasesoruseand  
non－uSeOraera【ion devices   

damagefunctions・Thisshowsthattheuseofaerationdevicesiseffectiveinreducingthenumber  
ormonthswithpositivedamagerate，Inotherwords，thecostincurredtominimizeDforgivenY  
isequaltotheannualcostrelatedtotheuseofaerationdevicesforalloperatorsinthcstudYarea・   

4．5The welfare COSt Calculation  

The welfare cost calculaLionis based on the cost function or Eq，（23）derived for a  
representativeaquacultureoperatorequlPPedwithLeedsupplyboxes，WherethecostLhnctionLor  
anoperatorfecdingwiththeirhandsdoesnotenterthewelfarecostcalculationduetotheno  
eutrophication－CauSedproductionlosscscstimated・Welfarccostiscalculatedbrthefo1lowlng  
twoaeS＝（i）arepreentativeoperator 

． 

37tonswhichistheaverageoftheoperatorsequlppedwithfeedsupplyboxesintheNIESsurvey・  
Thewiderangeofabout220tons to40tons between theoptlmalquantltyarld the average  
quantity needs some explanation. First the average quantity is calculated based on the 
PtOduction－feedinputrelation，（12），andtheNIESdataonthcquantityorsyntheticfoodinput  
overa4，mOnthperiod，WheretheoptlmalquantltyCOrreSpOndstotheoptlmalarlnualproduction  
level・TheestimatedavcragcquantltylSSmal】erthananannualaveragequantlty，forf邑edingof  
foodusuallylast50Ver70r8monthsfromMarchorApri】toNovember，Thesccondexplanation  
restsonthelargenumbero‖icencedoperatorsrelativetothegivenwatersurfaceareaavailable  
LoraquacultureinLakeKasumlgaura・Irtherewere丘eeentrylntOandexitfromtheaquaculture  
operationandnoadministrativeconstraintonthewatersurLゝceareaavailableforauaculture，the  

annualaveragequantlty，Whichisestimatedtobeabout2×37＝74tons，WOuldhavebeencIose  

to the optlmalquantlLy，Where the administrative rcsLraint on the water surface areais  
necessitated by the existence orcompetitive use5SuCh as fixed nettlng and trawling・   

ThenEq，（5）enab】esustocalculatenumerical】ythewelfarecostofeutrophicationLCauSed  
productionlossesforthefirstcase，WhereYandDareequalto198×218▲95tonsandO・039×  

198×218▲95tons，rSPeCtively・Here，thedamagerateiscalculated，basedonequation（17）and  

thewaterqualitytrq）eCtOryforstationlshowninFigure6，prOVidedthateverycu）tureopcrator  
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is assumed tolocate nears［ationl・The calculated welfare costis154×104yen，Which  

COrreSPOndtothenumberoraquacutureoperatorsmult】pliedbYtheshadowreglOninFigurel▲  
Thewelfarecostlorthesecondcase，Ontheothcrhand，iscalculatedtobe2284・×10ヰyenwhere  

Y and D are equalto198×37tons and O・039×198×37torlS，reSPeCtively・   

Inthispaperwehavea5Sumedinordertocalculatethewelfarccost，thatacompetitive  
aquacultureoperatorisunabletoforesee，COntrOlandpreventproductionlosses・Appendixlto  
this chapter modefie5this assumptlOn and shows how the optlmum prOduction quantltylS  
aLrected by this modification・  

5 CONCLUDING REMARKS  

In this paper production functions and eutrophicationLCauSCd damage functions for  
aquaculatureinLakeKasumlgauraareeStimatcd・Theequationsareusedtocalculate，glVenthe  
PrlCC data of1978，the wclfare cost ofproductioTtlosses from the euLrophication ofLake  
Kasumig-aura under the assumption of horizontal demand curve. 

InsplteOfthelackorreliableinformationonwaterqualityleve）sinculturegroundsaswell  
asoTtdose－rCSpOnSerelatiQnShipshrculturedcarp，phYSicaldamagefunctionsarecstimatedfor  
twotypeso［cultureoperators，thatareoperatorswithfeed5upP］yboxesandthoscfeedingwi［h  
their hands，Where［he damage data were collected through the survey questionaire．The  
estimationindicates that the operators feedirLg With their hands are110t a駄cted bY the  
eutrophicationorthelakeLOntheotherhand，thephysicaldamartrateperoutputquantlty）S  
estimated，foroperatorsequlppedwithfeedsupplyboxes，tObenegativelyrelatedtoSccchidepth  
whichis anindicator oreutrophicstatus orthelake．  

Finally，thepapershowsthatthewelLarecostca】culationforaquacultureindustrylnIノake  
Kasum）gauraisafTectedbytwofactorsthatarethemea5ureStakenbyoperatorstopreventthe  
PrOductionlosses and whetheror not theindusしりis competitively organized▲  
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APpENDIXIModificalion orthe assumptlOnS  
OurestimateddaTnagCratefun∈Lion，equaLiorL（17），Showsthatthera（eorproductiondamagedepends  

OT）Lhewa（erqualityvariabIes，Q）－QJandQ2－92，andon（heuse（8＝1）ornon－uSe（8＝0）oracration  
devices，PrOVided thatanaquaculturcoperatorequlpPedwi（h†ecdingboxinveststhcrightamountsor  
produc（ion capital（U．）Lor a given production quantity（Y）・  

Jrweassumethatl）Lheannualco〒tOfuLilizingaeratipndeviceミS叫）2）anaquacullureoperator  

COnSiderstheestlTateddamageratefunctlOn（17）asade（ermlnisticrelaLlOn，and3）wa（Crqualityvariablcs  
areexogenousJyglVCrLunCOntrO11ablefactor5（Othcindividualoperator，buthccandecidewhetherhewilluse  
OrnOtuSeLheaeraLiondevices，thenthecornpetitiveaquacultureoperatorwilldecidchisproduc（ionmodeso  
aStO  

Maximize汀＝PYrC（Y）－P（E，，＋b．（QlQ．）＋b5（Q，一望2）＋b，8）Y－W．8  
Y，∂  

WhereC（Y）is5peCi丘edineqヤation（23）and】f22，bヰ，andb5andb7are｝i「re†erencctoequation（9），the  
esLirna（edcoefficientsinequatlOn（17）．Sineethecoel汽cientb7Lakes（henegatlVeValue，hlSapParentthatthe  
OperatOrWilldccidetouse（heaerationdeviceirtheecpnomicvalueorproductiondamageavoidedisgreater  
thanLheannualcos【oraerationdevices，－Pb7Y－W．＞0．Furthermore，irtheopera（Orlocatedonaculture  
ground where the estimaLed damage rate becomes positivc，his opt．mum production quantlty Willbe  
reduced，aS the marginalcost curvein Figurclnow shifts upward・   

Fig・AIshowsthenetreve？uehnction，PY－C（Y），andtheeconomicvalueofes（imatedproduction  
damage，P（D／Y）Y，応racompentveaquチCullureopcraLOrequippedwi（hfeedingboxandaerationdevice，  
andlocatednearstalionlofLakeKasumlgaura・ThisflgurCreVealsthattheoptlmumPrOduc【ionquaTILlty  
decreaseslrom 218．95 tonrIeS【o145 r（〕nrieS．  
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Produc¶0n qUanti吋  

Fig・AIEstimaLCd net reverrue and revenuelosses foran operatorequlpPed with  
feedsupplyboxandaerationdeviceat station3  
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Chapter 6 

E 
一 

Y．Kitabatake  

ABSTRACT  

AdynamicmodelorflSheryresourceswithapredator－PreyrelaLionshipandthemodelsor  
man’sutilizationoffisheryresourcesarcconstruCtedbasedonobserrvationaldataandresearch   

nndingshrLakeKasurni！aura，Japan・Theanalysisofthemodels・basedontheestirnated   
individualproducLionfurlC（10nSLortrawlingoperation，Showstha（theexishngbjomasssけuc！ures  
OrLakeKasumlgaurareftcc【（heindividualfisherman’seconomicallyrationalrcsponsetoglVen   
【echnologlCal，eCOnOmic and ecolog．calcorLditions pertainlng tO Lake Kasumlgaura・  

1INTRODUCTION  

Asexplainedin chapterl，theenvironment’smainfunctions，fromman，spolntOrVicw，  
COnSistofsupplymgaetheticgoods，Supplylngnaturalresources，andsupplylnga“Sink”・Lake  
Kasumlgalユraisunlqueinsucl－aSenSethatallofthethreefunctionscoexist，thoughthcfirst  
functionisratherweakcomparedtothesecondandthelhirdfunction・ThesecondLunctionis  
eomposed of the utilization oflake water resources and of biologlCalrcsources．Various  
land－basedactivitiessuchasindustry，household，agrlCultureusewatertaken什omthelakefor  
theirproductionorconsurnptlOnaCtivities，Whj】eLishermenengagedinaquaculture utilize a  
CertainvolumeorwatcrLornurturlngtheirculturedLish・Asabyproductorthiskindofwater  
resourceutilizationprocesses，Variouskindsofpollutantsarld／ornutrientsaredischargedintothc  
lake．  

Ontheotherhand，fishermenarealsoengagedintheutilizationofLisheryresourccsorthe  
lake・Thoughthi5kindofutilizationorbiologlCalsysLemdoesnotdischargeanykindofpollutants  
arld／ornulrj印r5inわーゎe】ake，theiru亡j】jzationproces5eSdohavcas如i爪ca－－timpactonthe  
ecologlCalstructuresofthclakeandtheirnpactmaydeterioratcthcqualityaswellasquantltyOf  
lakc environmentalresource5L For example，the decreascin the pelaglC SpeCies population  
COupledwiththeincreaseinthedemersalspeciespopulationmaydeterioratethelakewater  
quality，forthelatLcrspeciescanfeedontheboLtomdepositsandthenutrientsarerelIt）eCtedinto  
thelake water by fishes，excretion process・   

Inthissense，thesecondandthethird丘InCtioinsofthecnvironmentarccloselyrelatedto  
eachother・IkcdaandYokoi（）980）analYZedthemodeldealingwiththeimpactofnutrient  
enrichmentintheSetoInlandSeaonthefishcryresources▲Intheirstudy，eXOgenOuSlyglvin  
nutrientisassumedtoan盲ctthecarTYlngCapaCltyOrPlanktonpopulationandthedeathrateor  
Smal1aswella51argcfishpopulation・Thebehaviourofeachpopulationleve）isdescribcdin  
differentialequations and the stability，aS Wellas the sensitivlty With respeCt tO nutrient  
enrichment，OrequilibriumpolntSOrdiLTerentia】cquationsarechecked・TheirmodeIlikemostor  
fisherymodelsrathersirnplifiesman，sbehaviouralcharacteristicssuchthatcatchingoreachnsh  
SpeCies，Eortheunittimeperiod，byfishermenisassumedtobesomeconstantmultipliedwiththe  
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COrreSPOndingfishpopulation，andtobeindependentofcatchingoftheotherspecies・Herewe  
dealwithaca5eWherethereisadecisionmakinglnVOIvedorlthcsideo川shcrmantochoose  
Which species to catch，   

Especially，Wedealwiththeintcractionsbetweenfisherman’sbehaviouralcharacteristic5  
represented・byeconomicefricicncyandecologlCalcharactersiticsofthefisheryresources，and  
clar埠the economic rationale for the kind orDPeration pattern existedin trawlingin Lake  
Kasumlgaurainwhichfishermenspendthegreaterpartoftheirlicenscdtrawlinghoursforthe  
trawllngOfdemersalspecies・Thischapterpresentsanextensionortheauthor’spreviousworkon  
the same su句ect（Kitabatake，1982）▲  

2 A SUMMARY OF THE FISHERY MANAGEMENT  

OF LAKE RASUMIGAURA  

Theintroduction ofdiesel－POWerCd trawlingln1966＞Which substitutedlhe traditional  
methodorsailingtrawllngOnmO5tOfLakeKasumlgauraandLakeKitaura，hadaslgniLicant  
impac［ontheinterspeciesrclationshipsinLakeKasumigaura・Fig・1showsl）theannualwater  
qualityvariationintermsorSecchidepthinLakeKasumigaura，2）theannualvariationof  
pelagictish，rePreSentedbypondsmclt，and3）thatofdemersalfish，bygobyandLreshwater  
5hrimplneaChoftwolakes・Fig・2showstheoperationareasorthelakes・Themainfishing  

Secchidisctransparency  

FigJ Trendorfishca【chandtransparency  
SecondarySourcc＝KiLabatake（1983）  
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methodsin useinclude fixed nettlng，traWling，and anindigenous flShing method or M  
Isaza－gOrOhikiamilinwhich thenetishaulednearthelakeboltom tOWardananchorforthe  

distanceof400tolOOOmetres．In1978，74％ofthetota）pondsmeltcatch，43％orthetotalgoby  
catch，and26％ofthe totalhe5hwatershrimp catch was taken by［raw】ing．  

Fig・3and4showthebiologlCalaspectsorLi5heryresourcesat LakcKasumlgaura．The  

Sea弧nalva∫iationsorstomachcontentsorpondsmeltisshowninFig・3，WhereasFig・4depicts  
theseasonalvariationsofpopulationdensitie50fpreyspecies・Furthermore，fishingbymeansor  
thetrawlmethodisrestrictedtotheperiodbet、Veen2りulyand31December，duringwhichtime，  
asshowninFig・3，pOndsmel［areobservedtoeatJuVenilegobyandfreshwatershrimplarvaeas  
wellas opossum shrimp which haslittle market value．Theaboveobservationsand research  

Lindingsstronglysugge5tthatthereisapredator－PreyrelationshipbetweenthepelaglCSPeCiesor  
POndsmeltandthedemersalspeciesorgobyandfreshwatershrimpandthattheintroductionor  

disel－POWered trawling on Lake Kasumlgaura has had favorableimpacts on the growth of－  
demersalfishattheexpenSeOfthepelagicfishofpondsmeltwhichhasthehighermarketvalue・   

Fig・5andtablelshowtheeconomiccharacteristicsortrawlinginLakeKasumlgaura・First，  
theestimatedvariablecostfunctionortrawllngis5hownalongwiththesampledatainFig・5，  
Wheretheestimationisbasedonthesurveydata（Kitabatake，1981，1983）・TheLigurerevealsthat  
thcrei5nOSlgnificanLdifTerenceineconomicefTicicncy，intcrmsorvariablecostpervalueof  
CatCh，OrtraWlinglntWOlakes，WhereforthosesampleswithhighvalueorcatchthedaharenQt  
reliableduetothepossibilityorpoaching・Onthcotherhand，TablcIsummarizestheaverage  
CatChbyspeciesforsampledfisheryhouseholds・Contrary（OSituationinFig・5，therecxistslarge  
difrerenceinthecatchbyspeciesbetweentrawllnginLakeKasumlgauraandtrawlingaswellas  

Sailingtrawlingin Lakc Kitaura・FromtheseobservatiorlS，Weknowthat，although thecost  

Fig・2 LicencedoperationareainL・KasumlgauraandL．Kitaura  
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Month  

Fig・3 Seasonalvarialionorstomachconten【sOrPOndsmc】亡  
fromApril（month4）toDecember（month12）  
Source：Suzukj且ndld3（】977）   

effectivcnessortrawlinglntWOlakesarealmostsame，eCOnOmicviabilityortrawlinginLake  
KasumlgaurareStSOndemersalspeCies，WhereasthatinLakeKitauraonpelaglCSPeCicsofpond  
smelt．  

き THE MOI）EL Of FISHERY RESOURCIこS   

3・1Thebiomas5叫uationswithouttheef托ctsoffishing  
ThefollowingVolteraequationsarepostuLatedforthegrowthandpopuJationofpehglCarld  

demersalspeciesinlake water・  

dXl／dt＝ －alXl十blXlX2  （り  

dX2／dt＝a2Ⅹ2（1－Ⅹ2／X2）‾b2XLX2  
（2）  

The assump［10nS under）ylng（heseequat；ons arenowsummarjzed，and arebased on Smith  
（1974）：  

（l）populationscanbeadequatelyrepresentedbyasinglevariab）e，Whichignoresdifferencesor  
age，SeX，and genotype；  
（2）thegrosschangeinpopulationcanadequatelybcdescribedbydcterministicequations，Which  
JgnOre random nuctuationsin the environment with timc；  
（3）the effects ofinteractions between spccies arcinstantaneous；  
（4）intheabsenceorpelagicspecies，thedemersalspeci竺WOuldfb11owthelogisticequations，With  
intrinsic rate oriIICreaSe a2arId carrylng CaPaCity X2；aJ】d  
（5）therateatwhichthcdemersalspeciesareeatenisproportionaltotheproductofthedemersal  
and the pelaglC POPulations■   

Thedynamicsorthesyst聖，repreSentedinequations（1）and（2），isshowninfigure6・1fthe  
parameter5aL，a2，bl，b2，andX2areallpositiveconstantsandfixed，andthatastationarystate  
denotedby（XJ，X2）jnFig・6exist5inthefirstquadrant，thenitcanbeshownthatthepelagic  
and demersalpopulations converge to the stationary state as tgoes toinfinity，Where the  
stationary stateis written as follows＝  
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…－・・f「eshl〃8terShrimplarvae  
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Month   

Fig・4 PopulaLiondensl【yvariationorpreγSPeCies  
Source＝ SuzukiandIda（1977）   

TablelAVとragecatchbyspecicsfortheperiDdoffourmonths  
」u）ytoSepLember，1978・  

unit：kg／risheryhousehold  

Species  TrayLlrLg  Trav）ing  Sai］ingtraWLing  
】n In ln  

L．Kasumigaura L，Kitaura L．Kitaura  

Pond≦melt（500yen／kg）  

1cefish（1200yen／kg）  

Goby（115yen／kg）  

Freshwater shrimp 

（165yen／kg）  

Others  

328．3  1580．0  

14．0  5．9  

2646．4  164．7  

549．3  48．8   

7．9  ・8．8 

Souree：Kitabatake（1981）  

－79－   



0   20  ヰ0  80  80 100 120 140 180 180 200 220  

Economicva山eofcatch（1000〔）yen）  

Fig．5 Estirnatedvariablecos（func（ion  

Xl＝a2（1－Ⅹ2／X2）／b2  

X2＝al／bl  

and the readeris referred to Leung and Wang（1976）for a proofl  

3・2Tllebiomassequatiomsincludimg山ee蝕ctsof茄shing   
Theintroduction orLishing activities modifies equations（1）and（2）as follows，  

dXl／dt＝ －alXl十bLXIX2－nlYL  
（5）   

dX2／dt＝a2X，（トX2／X，）rb，XIX2－n2Y2  （6）  

whereYland Y2are the catch ratesofpelaglC and demersalspecies，reSPeCtively，by an  
individua＝義heryhousehold，andwherenlandn2arethenumberoffisheryhouseholdsengaged  
in catching the pelaglC and demersalspecies，reSpeCtively・The production functions are  
expres5ed as fo】lows：   

Y．＝k】X巧－U㍗  
（7）   

Y2＝k2Ⅹ弓？Uろ2  
（8）  

Wherekl，k2，al，anda2，Pl，andβ2areCOnStantS・Ansheryhouseholdisasヲumedtoowna  
diesel－POWeredboat［ocatch，duringanytlmeinterval△t，Yl△torpelaglCSpeCIeSandY2△tof  
demersalspeciesbyexpendingU）andU20flabourforceownedbythefisheryhousehold，  
respectively・ThustheamountofpelaglCand thatofdemersalspeciescaughtbyanshery  
householdareassumedinequation（7）and（8）tobeafunctionofthestockofpelagicspeciesand  
labour．   

Thebehaviourorthesystemdescribedbyequations（5）through（8）isanalyzedgraphically  
inFig・7and8，forglVenValuesofnL，n2，Ul，andU2▲ThestationarypolntSCanbeobtainedby  
equa［JngfherjghトharLd5ideofeachequationtozero・Wecanobtainthreekindsofstationary  
point   

（XT，X≡）forX‡，X苦＞0，（0，Ⅹ≡）and（0，0）・  
Though，foreachorthesethreekindsofstationarγPOlnt，thestabilityanalysISCanbeexecuted〉  
wewillexecuteitfortheEirstkindonlyinthefollowlng■Fig・7showsthealternativecurvesforXl  
＝Oand文，＝OforthediEferentvalueso［parametersPlandP2・Thephasediagramsaredrawn  
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FigL6 Stationarystatcwithou（Lishing，andpossiblephaseportraits  

inFig▲8LIncaseofO＜β1＜1，thereexiststhepossibilityormultipleequilibriaasshowninFig・  
8c・ThestabilityofastationarypointSfo1lowsfromthenegativcangleatwhichtheXl＝OandX2  
＝01inesintersectandisassuredbycheckingthatbotheigenvaluesofthelinearizedequations（5）  
and（6）atShavenegativerealparts（seeCoddington＆Levinson，1955）・Thestabilitycondition  
is written as follows．  

a，X2／X2＋（Pl－1）n．klX雪■▼1ur＋（β2－1）k2X隼2‾1uち2＞0  （9）   

Whichis clearly satisfiedir P■≧1and P2≧1・   
1nwhatcircumstanceswilltheextinctionorpelaglCOrdemersalspeciesbeprevented？ltis  

clearn・OmFig・8【hattheextinctionofeitherspecieswi11notariseiftheintersectionorthecurveof  
X2＝OandthehorizontalaxisglVCSthetwodistinctpositivevaluesorX2，forthelineofXl＝0  

㈲thecu「Ve5forXl＝0  ㈲thecリーvesfo「×i＝0  

Fig▲7 AILerna（ivcisocLinesofdineren（ialequations  
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l8＝ヲ1と1．0≦β2＜1  

0  ×1   0   

（b＝ヲ1＞1．1＜β2＜2  

×1  
（c）0＜β1＜1．0≦β1＜1  

Fig・8Isosectorsforthesys（emincludingrlShing   

assure5X≡＞0，PrOVidedthatthestabilityconditionissati5Lied，Especial】y，WeknowLoran  
intersting case orO＜β2＜l，ifthe following conditions   

（l一β2）Ⅹ2／（2】β2）＞D  

a】／b】＞D  

β1≧1  
where   

D＝（a2／（Ⅹ2（卜β2）n2k2U；2））1′（β2‾2）  

are satisfied，there exists the stable solution with posiLive values▲  

（10）  

4 MODELS OF FISHERY RESOURCE UTILIZATION   

4・1The modelfor a myopIC COmPetitive fisherman  
Asto theindividualrationalityorfisherman，1tSeemSqultenaturaltoassume that“the  

individualfishermanattemptstomaximizehisnetreverruenowatalhlmeS，basedonthecurrent  
conditionspertainingtostockabundance，Prices，COStS，regulations，andsoon’’（Clark，1985，  
P・147）．Thus，in our case，the net revenue n．om the month’s fishing are written as  

汀＝P．Y．＋P2Y2－W（Ul＋U2）  
（11）  

WhereP王andP2are，reSPeCtively，theaverageprlCePerunitofpelaglCanddemersalspecies，W  
theaveragewagerateperunitorlabour，andYLandY2aretheproductionEunctionforpelaglC  
SPeCies and for demersalspecies，reSPeCtively，  

According toourhypothesis，forglVen Values ofXl，X2，Pl，P2，and w，theindividual  
EishermarlmaXimizes 7r sut刀eCt tO the upperlimit on the monthlylabour hours，   

0≦Ul＋U2≦トU  
（12）  

usingmonthlylevelorefrorts（U‡，U苦）・  

4・2Adynamicmodelforfishery management   
Forsimp）1Clty，aSSumethatallfishermenhavcidentica）productionfunctions，YlandY2・  

Then theintraseasonaloptlmization modelfor a tishery sectoris  

maximize7r＝」了（P．n．Yl十P，N，Y，－W（n】U．＋n，U，））exp（一rL）dt  （13）   
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sub］eCt tOequations（5）‾（8），（12），and to  

X∫（′）≧O for O≦J≦11  

Xl（0）＝茎いX2（0）＝茎2  

in which ris the relevant socia）rate ordiscount．   

The optimalcontrolmode）（13）can be soIved by using the first－Ordcr conditionsた・r  
optlmizlng thecurrent－Value Hami1tonian，H・His written as，  

H＝d】X雪■Ur＋d2X弓？U箋2－d，U．－d．U2  
十≠1（一alXl＋blち斗2‾nlklX巧■Ul■）  

＋≠，（a，X2（）rX，／X2）－b2XIX，－n，k2X毎？Uろ2）  

The first－Order conditions are written as  

（1）写f＝∂H／∂≠き  

（2）≠‘＝rゎー∂H／∂Ⅹメ  bri＝l，2  
（3）U．（t）andU2（t）maximizeH（Xl（t），X2（t），≠．（t），≠2（t））subJeCttOthcconstraintsUl（t）≧0，   

U2（t）≧0，X）（t）≧ 0，and X2（t）≧0，  

（4）≠i（「1「）≧0，≠メ（T）Ⅹf（T）＝0，br f＝1，2▲  

Thesu爪cicnt pondition（seeArrow＆KilrZ，1970）isnotsatislied，brtheintegrandinmodcl  
（13）andthcright－handsidesorequations（5）and（6）arenotconcavcinthevariablesXl，X2，UL，  
U2，Lakentogether・Therighトhandsideofequation（5）bec？mCCOnCaVeiral，βL＞landthe  
concavityortheintegrandrcquiresa），βL＜1，WhicharequlteCOntradictory・Thustheoptimal  
path ofthe problcmis notdiscu5Sedin this papcr・   

IfaLisheryhouseholdconsistentlymaintainslhcconstantlabourunitsofUlandU2，the  
biomasscquations（5）and（6）willreachastationarystatewhereX）＝OandX2＝0，prOVided  
thatstabilitycondition（9）issatisfied・1）ependingonthevaluesofU）andU2，Lherefore，therewilI  
beaseqenCeOfstationarystates・Thestationarysolutiontothedynamicmode）（13）i5derived  
bychooslngthernostprofitablestationarystateatwhichthelong－runPrOtitforagroupofLIshery  
householdsis maximized．   

ThestationarYState（Ⅹて，X‡）isderived（romequations（5）through（8）suct－that  

X‡＝e2（Ⅹ2一Ⅹ；）一e3U笈2Ⅹβ㌻l  

X；＝X2＋eヰUう■Xβ「】  

where  

dl＝pln．kl，d2＝P2n2k2，d：1＝nlヽV，d4＝n2W   
e】＝写2竺1／（X2‾X辻e2デXl／（X2二Ⅹ2）  

e3＝Ⅹ．X2n2k2／（a2（X2－X2）），e4＝Ⅹ2n】kl／al  

BysubstitutingX手in（14b）into（14a），e？uations（14a）and（14b）ar？reducedtothecquation  
F（X…）＝0．Theroot（Ⅹ苦）oftheequatlOnF（X；）＝Ois，inpractlCC，ObLainedbysucharl  
approximationmethodasthemcthodorsuccessivcapproxirnation（McCrackcn＆Dorn，1966）・   

Thesubstitutionofthestationarystate（X芋，X；）intotheintegrandontheright－handside  
ormodel（13）1eadstothefollowingLormforthelong－runOPtimizationproblemforagroupor  
fishery househo）ds：   

maximizeTr＝d】XTEPIUll＋d2X…p2－d3U．－d．U2  

Su句ect to equation（12）  

where X‡and X‡arefunctionsorU．and U2aS SPeCifiedin（14）1  
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ThesufTiciency condition fbr the optlmumis satisfiedifthelong－run prOLitfunctionin  
problem（15）isaconcavefunctionofUlandU2・Unbrtunately，thesuLrlCiFnCyCOnd享tionis  
diLYiculttoprove．Thustheoptimum solution Loproblem（15）is tobeLound by numerical  
analy5CS・   

5EMPIRICALESTIMATES  

Catchandproduction－C爪）rtdataLbrempiricalestimatioT50fequation（7）aretakenLromthe  
survey questionnaire conducted by the NationalJnstltute for EnvironmentalStudies  
（NIES）（Kitabatake＆Aoki，1980），thesurveperiodorwhichwasfourconsecutivemonths，June  
toSeptember，Of1978，andinwhichthequestlOnnairesweresentforself－rePOrtlngSurVeytOallof  
thefisheryhouseholdsengagcdinfixednettlng，［rawling，Isaza－gOrOhikiaml，andcarpculture  
operations・Inthisstudy，aPartOrtheNIESsurveydataisutilized，Whichisrelatedtotrawl  
netting▲Thepondsmeltpopulationforeachofthrecconsecutivemonthsor1978，OVerWhich  
catchandefrortdataisavailablefortrawling，1SeStimatedoncatchande恥rtdatatakenfrom  
sourcedataofthelbarakiStatistic5andlnformationOfTice（1980），andonobservationsmadeby  
Hamada（1978）thatnearly90－99％ofthepondsmeltpopulationisestimatedtobetakenby  
fi5hermen every year・Table2shows thc cstimated monthly populまtion ofpond smelt・   

Ontheotherhand，CatChandproductionef払rtdataforempiricalestimationofequation（8）  
aretakenfromthesuIVeyqueStionaireconductedbyNIES（Kitabatakeela［・，1984），thesurvey  
period ofwhich was April1981to March1982，andin which ten experienced fisherrnen，  
employlngthespeciLicfishinggcarsofIsazagorobikiamiandtrawling，WereaSkcdtowritedown  
thedailyresultsorfishingoperation・Theitemsincludedinthesurveywere＝（1）thetypeoffishing  
gearseIployed；（2）thenshingefrortsinvoIved，SuChas甫shinghoursperday；（3）thespecies  
composl［ionofthecatch；（4）theareaoftrawling・Astothemonthlyvariationofdemersalfish  
population，We refer to the study done by Onuma et al・（1984）・Fig・9shows the spatial  
distributionorsevensamplingpolntSinLakeKastlm）gauraWheretheyco11ectedbytheuseora  
townlngnetl12samplesduringtheperiodfromApril1981toApril1982・Thentheyinvestlgated  
thespeciescomposition，Standingcropandpreyorganismcompositoninthestomachsofthe  
bcnthicfishes・Table3showsalistoffishescaughtduringthestudyperiod・Fromthistable，We  
knowthat“Chichibu”（goby）and“Tenagaebi”（freshwatcrshrimp）■aretwodominantdemersal  
species・Fig・10showsseasonalvariationofthecarapacelengthdistributionortheprawnfor  
＝Tenagaebin，WhereFig・11showsseasonalvariationorbodylengthdistributionoftheChichibu・  
Fromthesefigures，WeknowthatthesigniEicantchangeinagedistributionoccursinbothspecie5  
duringsummerseason・Table4showstheestimatedstandingcropormaindemersa】specie5・The  
estimated production functionIor pond smeltis as follows＝   

1n Y．＝－9．318＋0．6961n Ul十0．610ln Fl＋1・0961n X］  
（3．47）   （2・18）   （4・68）  

R2＝0．5327，N＝57  （16）  

TabLe2 Estimatedmon（hlypopulationsorpondsTnel【  

Lake Kasumiaaura LakeKitaura（traw］ing area）  

Ju】y August September Ju】）I August September  

Calchperrishingdays（kg／d）  6．68 1．46  0・71  59・85  27・39   12，30  

Estimatedpopulation（kg）  52662 39760  8689  101226  60837  27837  

Source：Ki仁abaLake（1982）  
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Fig・9 Spatia］dis【Tibu【ionorsevensamplingpoints（A－G）inLakeKasumigaura  
Source＝ Onuma，Takahashi，Suzuki，andHuzi【orni（1984）   

Table3 AlistorFishescaugh（by（hctowlngnetfromApril198】【OApril1982  
inLakeKasumlgaura  
Findicatetheappearancefrequencyoreachfishinl12samples  

Name  F  No．  ％  wel（g） ％  

Wakasa由  〃γ匹mビ5山5行a月5paCJ〟cus n岬pO刀2月gf5  

ShirauD  ざ∂ねヵ由ぐ加わγ5血crodon  

Kinbu爪a  Car8ざSメ∪ざ別「き抽5ざU鮎p．  

Koi  Cγpr血∪5ぐdr〆o  

Motugo  f’5e山（わra5bra parγa  

TamorDk8  G〃a［わ叩OgOn eJD昭上山ぎ  

DDjo  〟i5gUrm貼∂鴨川厄肌血加  

Ukigori  Cムae〟（榔】bJu5∂〃〃UhrJ5  

Juzukakeh且ヱe  伽do山Jc加ムγ5血γf5  

Chichibu  Tride仙併r（）わ5e〟川5  

Ashis山rohaヱe A加爪8ねぐ毎貯5  

YoshiれObori  J～山〟ogp♭J捕ムru〃〟ビ〟S  

Bo「a  〟ugJJc叩上山5  

K＝rllmeSayOri   ノブe血r8p血s〝FrUmeU5  

H且kur印  J小四p柚aJmic山上γ5mOJ〝JJ  

Umagi  A月g山肌ノ8pO山ぐ∂  

Otamajakusb】  尺a刀8亡き上e＄kJa〃a  

Temagaebj  墟eroムJ8C山um爪JppO〟en5e  

Crayljsh  Pr（）Ca爪ba川S e」arkJi  

T（】ta】  

59   155呂   0．1  2367．7   0．5  

31  60  0・0  町・1  0▲0  

61  788   0．O   17049．6   4．O  

11  35   0．0  427．9   0．1   

Z  3   0．0  2．5   0．0   

2  2   0．0  0．6   0．0  

1  1   0．0  7．2   0．0  

80    4345   0．3  6965．O l．0  

66    9408   0．8  4827．3  l．0  

112   348餌0   28．O   161585．3  33．0  

112   37714   3．O ZO】98．9   4．0   

6  8   0．0  1．4   0．0  

1  1   0．0  0．6   0．0  

25  81   0．0  374．9   0．1  

1  1   0．0  2．3   0．0  

1  1   0．0  2．8   0．0   

8  8   0．0  62．4   0．0  

112   84Z150   68．0   275177．3  56．0   

4  4   0．0  65．3   0．O  

1245（泊8  469199．2  

SouTCe＝ Onuma，Takahashi，Suzuki，andHuzit。mi（1984）  
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Fig・10 SeasonalvariationofthecarapacelengLhdistributionorthe prawnin  
l．akeKasumlgaura  
（Eachgraduationunitontheverticalaxisreprqsents10％）  
Source：Orlurna．Tahhashi，Suzuki，andHuzitomi（1984）  

Where the t－Values are glVenin brackets，and   
Ylis Lhe monthly catch，   
Ulis the monthly fishinglabour hour whichis the number orpersons  

engagedin operations ofcapture multlPlied by Lrawling hours、   
F］is the monthly consumptlOn Ofdieseloilin terms orthe  

number offuelcans（2001itres）．  
Equation（16）ises［imatedondatatakenfromLakeKasumigauraandLakeKitaura，PrOvided  
thatthedi打erenceintopographyorfisherygroundsbetweenthetwosublakesisassumedtohave  
noefri・CtSOnthetechnologlCaleLTiciencylnthecatchofpondsme）t．IrltheregrcssionanalysIS，  
onlythosesampleshavebeenchosenwhosecatchcontainmorethan80％intermsofwctweight  
basis ofpond smelt for the estimation ofequation（16）■   

Table5compilesthedatafbrestimatlngtheproductionfunctionfordemersalspeCies，Where  
thesampledata wereexcluded，inwhichsomesurveyltemSSuChas the trawlingareawere  
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Fig・11BodylengthdistributionortheChichibuinLakeKasumlgaura  
（EachgraduationunitontheverticalaxisrepresentslO％）  
Source：Onuma，Takahashi，Suzuki，arldHuzitomi（1984）  

unansweredLSamplepolntSlistedinthesixthcolumnorTable5correspondstothosepolntSin  
Fig・9・FromTable5，theproductionfunctionfordemersalspeciesisestirnatedasfo1lows：   

LogY2＝－2・3678－0・07909LogZ＋0・63839LogX2＋1・1765Ⅰ・OgU2  
（一1．129）  （2・841）   （6・Ⅰ66）  

R2＝0．7682，N＝20  （17）  

where   

Y2；s［hecatchofdemersaJspeciesover20daysperiodinJulytoOctober   
Zis the catchorpond smeltover thesame period   
U2is thefishinglabour houroverthe same period   
X2istheestimateddemersalspecies populationoverthesameperiod・  

rntheregressionanalysIS，OnlythosesampleshavebeerlChosenwhosetotaoIcatchcontainmore  
than80％orgobyandITeShwatershrimp．   

Sub5tituting［hesamplemcandataorFlandZintoequalion（16）and（17）andmultiplying  
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Table4 SLandingcropormairlSPeCicscaugh（bythetowlngneLineachareaor  
LakeKasumlgaura  

（wetweightmg／m2）  

Species  Date  A  B  C  D  E  F  G Average  

Ⅵ－22   345   693 1088  307  

V－13   333   770 1439  671   

－27   332   440 1511  647  

Ⅶ－10  113   80  449  622   

－24  23  155   514   628  

Ⅶ－15  104   334   352   804   

－29  1186  2982  1550  1440  

Ⅶ－19  1282 1467 1721  445  
Ⅸ 9  1470  1064   369  116   

－30   915   935   478   67  

Ⅹ－21 1261 1021 1062   602  
Ⅹ一25  3369  2017  2160 1890  

。Ⅷ－Z3   305  1431  457   770  

Ⅰ－19  14   578   752   309  

Ⅱ－15  17   524   360   651  

Ⅳ一1  3  125  165  35  

Chichibu  ’81  287  191  119   433  

413   621  148   628  

715   308  116   581  

193   34   92   226  

281  109  1  244  

131  755   373   408  

754   252   319  1212  

344  1184   655  1013  

42   710   777   649  

137   ZlO   318   437  

Z46   355   326   696  

565  1219   499  1674  

182   438  14   513  

44   ZZ  2   245  

32   16  3   229  

1Z   99  52  70  

■82  

Tenagaebi   ’81  Ⅳ－22  

V－13   
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Ⅶ10   

－24  

Ⅶ－15   

29  

Ⅶ－19  

Ⅸ－ 9  

Ⅸ－30  

Ⅹ－21  

刃－25  

刃【－23  

Ⅰ－19  

Ⅱ15  

Ⅳ1  

Source：Onuma，～g dJ．（198ヰ）  
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Table5 Data for the estimation o［producLion function orca【ching demersal  
SpeCies  

No．of  time  Catch of  
fisllerman period demersal  

species  

（kg）  

ー ing n  
trawllng area Pb  

p慄アn  （kg）   （h）  

7／21－8／10  423．2  

8／11－8／31  94．0  

9／1－9／20   768．8  

9／2ユー10／10 Z358．8  

7／21－8／10  578．7  

8／11－8／31 1890．2  

9／119／20  2291．1  

9／21－10／10 2982．2  

7／21－8ハ0  713．0  

8／11－8／31  311．0  

9／1－9／20  2ZO3．0  

9／2110／10 2212．0  

7／21－8／10  400．5  

8／11－8／31 1234．5  

9／1－9／20  2568．0  

9／21－10／10 4762．4  

7／21－8／10  407．9  

8／11－8／31 149．0  

9／1－9／20  1489．5  

9／21－10／10 1262．2  

10，8  34  

7．0  3  

4．5  15  

20．1  63  

18．3  25  

0．1  33  

0．1  37  

2，7  42  

80．0  22  

11．5  11  

1．0  29  

31．8  34  

18．2  27  

5．5  27  

0．1  27  

14．3  30  

44．2  30  

11．2  11  

8．7  37  

22．4  53   

B－G  128793，6  

F，G  456647．1  

F，G  776534．9  

F，G  406253．3  

B－G  128793．6  

B－E  370667．3  

A－G  6ユ7471．4  

B－G  573366．3  

B－G  128793．6  

BG  399315．5  

B－G  657350．5  

B－G  573366．3  

B－E  404911．7  

B－E  370667，3  

BE  597783．4  

B¶E  656931．Z  

A－G  128793．6  

A－G  399310．5  

A－G  657350．5  

AG  573366．3  

U2byl・5soastotransformthelengthortheperiodintoamonth＞thefollowlngprOduction  
丘mctions are obtained：   

Yl＝1・471xlO▲ヰu？■696xl■006  
（18）   

Y2＝0・00604U主－1765x㌢63839  
（19）  

Where Uiare mOnthlyIabour hours．  

6 WHY DO GOOD OLD DAYS HARDLY RETURN？   

6・1Theca5eOfamyoplCCOmpetitive瓜5herman   
Forthemaximizationornetrevenueequation（11）sub］eCttOtheconstraint（12），priceand  

COStdatamustbespeciLied・Thepricedata，Pl＝500yenperkgandP2＝140yenperkg，are  
estimatedbyiTlterViewlngthefishermen・Thewagedatum，W＝653yenperlabourhour，1S  
estimated丘omtheMinistryorAgricultur？，Forestry 

． 

CurVeOfcatchingpelaglCSpeCy，andthcprofitcurveorcatchingdemersalspeciesaredrawnasthe  
functionofUl＋U2，thatofU■，andthatofU2，re5peCtively・1nbothhgures，thecurrent  
res［rictionofmonthlyoperationtime（U＝60h）isassumed．ThediLTerenceintwoEiguresrestsorl  
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UlO －10－20－30－ 40－ 50一・・・・・・・・・■60   
60■－－50－40－30－20ニー10－ 0 ∪2  

numberof hoursen98gedintr8…ling  

Fig・12 Profitcurveso川sherman  
CaseorreIativcabundancyorpelaglCSPeCies－  

UlO －10－20－30－40－50→80   
60・←50－－－－40－30－20－10－ 0∪2  

numberofhou「Sengagedint帽W＝咽   

Fig・13 ProLitcurvesorfisherman  
－Caseorrelativeabundacyordemersalspecies－  
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theassumedvaluesorXlandX2inequations（17）and（18）・Fig・12correspondstothecSeOr  
（Xl，X2）＝（m1226，128793），Wherethava】ueorX】istheestimatedpondsme）tpopulatlOn 

． 

populationinTable5，Fig．13coTTeSPOndstothecaseor（Ⅹ】，X2）去（52662，657350），Wherethe  
ValueorXListheestimatedpondsmeltpopulationinTable5．ThusFig．］2respesentsthecaseor  
relativeabundancyordemersalspecie5POPulationsuchasthatorpondsmeltpopulationsuchas  
that of Lake Kitaura，While Fig，13represents the case or rerative abundancY O［Lake  
Kasumlgaura．  

The optimaL peratiorlPatternSlorindividualfisherman are calculated as follows：  
For fisherrrlanin Lake Kitaura，  

Ul＝60h，  U2＝O  
Yz＝778・04kg Y2＝0  7r＝349，842yen  

For fishermanin Lake Ka5umlgaura，  
U］＝lhr，  U2＝59hrs，  

Y】＝22・O kg Y2＝37汎5kg，汀＝う02，207yen  
Thesecomputationresu）tscorrespondratherwclltothcsurveydata）istedinTablelandTable  
4，andimplythetwothings＝1）thekindofoperationpatternaswellasthcdominanceorpelagic  
SPeCiesoverderrLerSa）speciesIWhichexistedinLakeKasumlgauraumderthe（ishingmethodor  
Sailing trawling，is hardly reaIized aslong as a myoplC COmPetitive Lisherman employ  
diesel－POWeredtrawling，eVenirtherestrictionoroperationtimcisimposed；2）whenweconsider  
thedifrercnceinreproductionratebetwcenpelaglCSPeCyOrPOndsmeltanddcmersa）species，the  
OptlmaloperationpattcrntorLakeKilauraistodecreasethepelaglCSPeCiespopulationreIative  
tothcdemersalspeciespopulation，eVentually・Thus，thereasonwhyinLakeKitauratherelative  
abundancyofpondsmeltpopulationhasbeenobservedseemsthattrawlingareaisrestrictedto  
thenorthcrnhalforthelakeandthetopographyorthelakeismorecomplexthanthatorLakc  
KasumlgauraaSShowninFig，2．Inthissense，theresu】（SOfpub】icdecisiontoopenthewhole  
part orLake Kitaura to diesel－pOWered［rawlingln19B3would be qulteintere5tlng■   

6・2 The caseoflong・rutt prOfit maximi祖tion   
Inthissection，thelong－runPrOfitoptlmizationproblernforagroupoffi5hermen，Whichis  

SPeCifiedinequations（14）and（15），i5Calculatednumerica）1yfbrthecaseorLakeKasumigaura・  
Beforespec坤ingthcparametervaIues，Substitutcionofequations（18）and（19）irltOthe  

di汀erentialequations（5）and（6）needsancoupleofcomments．First，equation5（18）and（19）  
WereeStimatedin（ermsormonthlyortwentydaysperioddatafromJulytoSeptcmberorto  
October，Sinceit has been assumed that thcre are cominous fi5hing activities，difrerential  
equation（5）and（6）shou】dbeconsideredtosimulatcwiththeurLittimeofmonth（720hours）a  
SeuenCeOrthreemonths，JulytoSeptcmber，forsubsequentyears・Second，1abourhoursuland  
lLlnequations（18）and（19）aretranstbrmedintolabourunitsuzandu2bydividingbytheunit  
tlme Or720hours：   

Y】＝0，0143u．0■696Ⅹ11■096  
Y2＝13，89486u2】◆176うx20■63839  

（20）  

（21）   

Fornumericalcomputationorthelong－run竺Ptlワ1ZatiorLPrOblem，thethirteenconstantsor  
［hesystemnL，n2，al，a2，P2，kl）k2，PL，aL，？2，XL，X2，andX2Shouldbespecined・Sixofthem，  
Lrl，βl，a2，P2，k一，k2areeStirnatedinequatlOn5（20）and（21），Whereasn］andn2areeStimated  
OndatatakenbythcMinistryorAgriculture，ForestryandFisheries（1980a）suchthatnl＝n2＝  
295・llisassumedthatX．＝1125800kg，X2＝138ヰ00Okg，andX2＝12378000kg，Whichwere  
derivedonthcbasisortheLo）lowingtwoassumptions▲First，thestationarystate（X】，X2）or  
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pelaglCanddemersalfishpopulationsisassumedtobeapproximatedbythestatethatexisted  
before1965（priortotheintroductionordiesel－POWeredtrawling）・Specifically，XLisassumedto  
beeualtothelOyear（19嬰to1965）averageorthepondsmeltcatchdividedbyman’s  
exploltationrateof95％，andX2tOequalthetenyearaverageoftllegObyandLreshwatershrimp  
catchdividedbyman’sexploitationrateof70％LSccond，thecarryingcapacity，X2，Ofdemersal  
speciesisassumedto♭ethegobyandLieshwatershrimpcatchoH978divided byIllan’s  
exploitationrateof70％，lntheaboveestimates，theassumedexploitationratesarebasedon  
Hamada（1978）．Theconstanta．wasassumedtobegivenbya．＝0・167，afigurebasedonthe  
reportbyKasebayashiandNakano（1961）thatthenumberoftwo－year－01dfishisverysma11，On  
average♭eingo坤0・02－0．4％ortherotaInumbero用5h▲Sincedj鮪re机jalequation（5）and（6）  
areassumedtosimulatethesequencァorthrcemonthsJulytoSeptember，aLis三StirTat車tobe  
l／6．Thea2iscalculatedinthefollowlngWay・FirstwetransformedthevariablesXl，X2，X2，Ⅹ】，  
X2，bydividingbyX）＝1125800kg，1ntOXl，X2，X2，XL，X2】reSPeCtively・Thenthestationary  
reJationship orequation（4）enables us to calculate  

b－＝a－／丈2  

Thevalueofb2iscalculated，basedontheestimatedrelationshipderivedfromthedatararlglng  
fromtheyear1956through1979andplottedinFigL20fX】＝1287・6－0・169X2｝Wherethe  
regression coefficientis utilized to assume the relation bl／b2＝0・1691▲Finally，the a2is  
calculated to be O．903in terms orthe5tationary relationship ofequation（3）・   

Thcoptimumsolution，Whichsatisfiesthestabilityconditionofequation（9），tOthelong－run  
optimization problem（15）is obtained as Lbllows，   

U苧＝14．4hrs，U≡＝38．16hrs，7T＊＝ 380．3mi）1ionyen，   

X‡＝1．89t，X苦＝6133．55t   

SincethesumorU千andU…isle5Sthanthecurrentrestriction，60hours，OnOPerationtime，  
（his soLutionis aJso validわ「亡he case orrestric［ed operation〔imc・   

Thus，eVenirweassumethekindofgrouprationalityrepresentedbythelong－runPrOfit  
maximizationproblem，theabovcnumericalsimulationclearlyshowsthatthegoodolddaysdo  
notreturninLakeKasumlgaura，PrOVidedthatthedominantfactorsexplaninlngtheleveland  
composjr槻－0川5ムeり√re50urCeSjnLakeKasu∫…gauraar亡血preda【0トP代yrelation5hipsand  
fishermen，s behavioursin trawl）ng，Whichourpostulated modeltried to5imulate・  

7 CONCLUDING REMARRS  

lnthischapter，themodelorLisheryresourceswithapredator－preyrelationshipandthe  
modelsorman，sutilizationoffisheryresourcesareconstructedforthecaseofLakeKasumlgaura，  
and which are based on observationaldata and research findings・Asto thelatter rnodels  
simulatlrlgthebehaviouralcharacteristicsorfisherman，tWOn10delsareused，Whicharethe  
modelfora myoplCCOmpetitivetisherman，arld the modelforalong－run PrOfitmaximizlng  
Lisherman．Theindividualproductionfunctionofpelagicspecies（pondsmelt）andordemersal  
species（Chichibu arld Tenagaebi）areestimated，Eor thefishingmethod ofdiesel－POWered  
trawling・   

BoththemyopICmOdelandthcJong－runPrOLitmaximizatiopmoddinsis亡tha【thekindof  
operationpatternaswellasthedominanceofpelaglCSPeCicsoverdcmersalspecies，Whichexisted  
inLakeKasumlgauraunderthefishingmethodofsailingtrawling，ishardlyrealizedaslongas  
Lihsherman employs diesel－pOWered trawling■Thisis mainlydue to the estimated formof  
productionhnc【ionjnwhjchboththeprocuction餌”Cti州OrPe】呼C5peCyandけほtOrdemer5a】  
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SPeCiesdependontherespectivepopulationlevel・Thisstockdependencyorproductionefriciency  
intrawlingoperationforcestobenddownthecurvesorXlagainstX2infigures6－8Lorwhichthe  
growth ratc ofdemersalspecies population becomesヱeTO，and which forccs the stationarY  
populationleve）ofdemersalspeciesirlthebiomassequationsincludingthce什邑ctsorfishingtobc  
greaterthanthatinthebiomassequationswiLhouttheeLrectsorfishingasshowninequation（12）・  

Thus，eVenir the current biomass structures or Lake Kasumlgaurais known to bc  
unfavourab】eforprcvcnt】ngtheeutrophicationoflake，Wehavetokeeplnmindindevislng・  
managcment measures山at the existlng biomass structures renectindividualtisherman’s  
economica））y rationalresponse to glVen teChnologlCal，eCOnOmic，and ecologlCalconditions  
Pertainlng tO fisheIY reSOurCeSin Lake Kasumlgaura，  
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Chapter 7 

Socio・Economic Analysis ofNational  
Park Regioms  

S．Nishioka  

ABSTRACT  

UndertheareadesignaLionsYStemOrlapaneseNationalPark，COnnict betweenprivate  
property right and-nature conservatian policy has a profound innuences on National Parkk 
managcmcnt・AlmostaJLbotLlencckspreventlngthesoundNationalParkmanagementonglnate  
fromzo）ngSyS【em｝aSareeXamPledintherollowingChapters・Toreviewthegeneralvieworthis  
Situationna【ionwides，managerialLigureslikefinancialindices｝StabilityorpopuIation，a）location   
OrLabourpowerormunicipaliLiesinNa（iorlaJParkregions（MNP）weresurveyedinthisChapLer．   
Depopulationseemed【Obe（hemosLinfluentialfactoru）in【roducedestructivedevelopmcntsinto   
Nationa】Park reglOn・To guide those depopulated municIPalitie5inLo conservation LyPC  
management，SOmePublicpollCyShouldberequircdtha【isbaseduponthecharactcristicsoreach  
Natior）alPark・ThegrouplngOfNaLionalParkshowninthisstudyisbasedoncategorizationby   
COnSerVlngPO（en（ialitiesandvalueorlherLaturalresourcesmaysuggestthenfCCCSltyOfthiskind  
OrPOlicy．  

1INTRODUCTION   

l・1NadonalI－arkinJapam   
ThenaturalenvironmentinJapanisconscrvedLlnderthejurisdictionofthelegalinstitutions  

describedin Fig・1・The coverlng range OreaChlawis schematicalyindicated here・The  
EnvironmentAgencylSinchargeofconservlngnatureincountIYSidemainly，andurbanpark  
andagrlCulturalLicldandrorestyareinthehandsorMinistryorCon5truCtionandMinistryof  
Agriclture，Forest and Fishery，reSpeCtively・   

Twolawswereenactedtoprpservenatura11andareas・TheNatureConseIVationLawwas  
enactedin1973，the flr5t halforwhich prescribes the basicideologγOfJapanese nature  
COnSerVationpolicy・Thislawaimstoprotectmorewilderareasthanthoseareasprotectedby  
NaturalParksLawindicatedbelow▲Underthislaw，Wildernessareas；natureCOnSerVationareas  
andprefecturalnaturecbnservationareasaredesignated・EspeCially，fivewildernessareaof  
tota11y5，631hectare盲wer占designated untilMarch31，1985．   

TheNaturalParksLawdesignates27NationalParks（2．02millionhectares，5．4％ofthe  
areaorthcCountry），54Qua5i－NationalParks（1，29millionhectarcs，3．4％ortheareaofthe  
CountIY），298PrefecturalNatureParks（2．01millionhectares，5．3％orthetotalareaofthe  
CountIY）・Fig▲2showsthelocationofNationalParks．ThoscdesignationorNatureParksarc  
based on the followlng Criteria＝  
NationalPark：Theplaceofgreatcstnaturalsccnicbeauty，WOrthyofthenamesofthetyplCal  
SCenic beauty oりapan．  
Quasi－NationalPark＝The placeorgreatnaturalscenic beautynext to the NationalPark  
PrefecturalNaturc Park＝Theplaceorfinescenicbeautydesignated bytheprefecture・   

The aims ofthislawis to con5erVe SCenic areas，tO PrOmOte theirutilization，and to  
COntributethehea】th，reCreationandcultureorpeopleLThe5eaim5diL7ertromthatorNature  
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Con5eIYation Law．   

l・2Areazonlng SyStem OfNationalPark  
NaturalParksinJapanbascsupon“Zoning”onprivateoronpublicownedarea．When  

DirectorGcneralofEnvironmentAgencydesigna［etheNationalParkareas，hemustseekthe  
OPinionortheCouncilonNatureConヲerVation（NaturalParksLaw，Article10）・Furthermor，in  
designatlngaParkareaandincxecutlngtheparkwork，Article30rNaturalParksLawrequlreS  
theStatethattheproprletaryright，minlngrightsandotherpropertyrightsshallberespected，  
andthattheaqJuStmentbetweentheJanddevelopmentandotherpublicinterestshaJlbetaken  
intoconsideration・ThiszonlngSyS［emwerecstablishedin1931whentheNationalParksLaw，  
the）aw preceding the NaturalParksLaw，WaS enaCted Lirst．At that time there were some  

COntrOVerSieswhethertoadoptstateownersystemmode11ingaLterUnitedStatesortointroduce  
ZOlngSyStemaSinEuroplanCOuntries▲ThegovernmentscIcctcdzonlngSySteminconsideration  
Oりapaneselandusesi【ualion，andappl上ed症epl・ilicipleor“restrictionorlandowners’rightfor  
the5akeofpublicuse”ancrGermanlaw・Bymean50rZOlngSyStemthegovernmentcanrestrict  
land owners property rightL   

Thezonedareaisclassifiedintoseveralclasscategories（Fig．3），andthesetsofregulationon  
OWnerS’activitiesareposedtoeachclass・InsuchAsituation，aIwayshappenthcconflictsbetween  
PreSeⅣatjo∫】a∫）d use．   

1・3Connict5underzomlngSyStem   
ThcnumberofvisitorstotheNationalParksinpast20yearshasincreased［okeeppacewith  

economicproヲperityorJapanandalsowithenlargementordesignatedParkaraS（Fig14），butin  
TeCentfiveyarsorsoJitisbecomingflaLLandowners’efrortstoattractmorevisltOrSdrivethemIo  

developnewrecreationalareassuchasskiinggroundorcountrycottage・Andtheirefrortsto5tem  
the flow－OutOfyoungpeople to the urban areasintroduceenergyfacilities，industries and  
COnStruCtionworkslikelargcscaleforestroads・Inlate1960，smanyprotestmovementsarosed  
agaln5t5uChdevelopments）anda）mostallorthosemovementswereoverwhelmedbythebig  
㌣a「eOf“RebuildingPlanorJapaneseIslands”・In1971EnvironmentAgencyoりapanwas  
lnStltuted，andbackedbynationwideprote5tSitsucceededtocheckandmodifysomeorthe  
developmentplans，butsti11totheradicaIprotestantsitwasfarfromflnalgoals，aSeXamPledby  
thecaseorMinamiAIpslargescaleforestroad（seeChap．9）．Oneofthereasonsthatleadthose  
movementsunsucceededwasthattheprotestantspaidlittleconsideration戸Ontheli↓ingbasesof  
landownersinthearea・TokeepsoundmanagementofNationalPark，itisinevitabletosteplntO  
theeconomicfoundationsoflandowners，andtosearchthecompatiblewaywiththeirbasesor  
livlngrthatwasoneofthelesson51earnedfrom1970’sidea）isticnatureconservationmovements．  

2 BACKGROUNDS AND PURPOSE OF TIIIS STUDY  

lnrecentyearssomecontroversiesonNationaLParkPolicy，Whichsituatedatthesummitof  

natureconseryationpoliciesofJapan，arOSeinrclationortheconstruCtionoflargescaleforest  
road，theconstructjonofenergγfacilities〉thcdcvelopmentorcottagelandsandskiinggrounds  
andsoon・Throughthosedebates，tWOqueStionsoncurrentNationalParkpollCyWereraised；One  
inits plannlng Stage，anOtherinits operationalstage，   

TheEirs【poln〔inissue，S，COmParlngWj【ho［heradmiLlistra［ivep）annmgssuchasenergy  
demand－SuPPlyplan，theNationalParkpolicyhasnodennitebasiclong－rangeplantocopewith  
them，SOthatlittlea〔りustmentsisavailableinlowmaturedstageofp】annlng■Forinstance，】nCaSe  

ofassessmentofhydro－electricplant，POWerCOmPaniespropo5eOnlyonespeciLiedlocationas  
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available place without oLTering any alternatives，and triflelatiudes remainin the hands or  
NationalPark adminis［ratives’side tochange theproposed plan，SuCh aschangesorcoloror  
Lacilities，reStriction to the height ofbuildings，rePlacement orthe approaching road，etC・   

Theenvironmentalassessmentsorhydro－electricpowerfacilitiesalongoncrivcrstreamare  
doneonebyonc，Whichoverlooksthecombinedtotalimpactsorfacilitesbuilta4JaSCentlyalong  
oneriver．AIsotherearenoestablishedmethodstoassesstheimpactscausedbyoverpresenceor  
large faciliteslike nuclear plants plannedin NaturalParks・  

Oneorthereasonsthatnaturecoservationsidecannotrqectthosedevelompcntplaninits  
earlystagesresultsEromthelackornaLion－WideevaluationofNationalParks・Inadditiontolack  
oflegalproceduretocheckthedevelopmentplans，insufTicientfinacialsupportsLbrcompensation  
fbrprlVatelandownerspreventidealzonlngPrOCedure，becauselandownersarereluctanttobe  
restrictedbythedesignationontheirlandsasNationalParkandwanttoholdfree－handrightto  
utilizetheirlands．Governmentalinve5tmentOntheNationalParkareaisnotsoenoughtoguide  
or controlthcland owners（Tablel）．   

ThesecondpointofdebateisfinancialvulnerabilityormuniclpaliticsintheNationa】Parks  
area which cau5eS COnnicts between development and conservationin allocatlng theirland  
resourccs to secureincome．   

UnderfederalownershipsystemasinUnitcdStates，themanagementofNationalParkis  
Lullyinthehand50ffederalgovernment・Butunderthezoningsystcm 

． 

al】ocatlngreSOurCe5inthearea，aremain）yleftinthehandsormunicIPalitiesindesignatedareas，  
s？thateitherinplannlngStageOrOperational）cftstageCentralGovernmentcannotneglect  
intensions orthosc municlpalities・   

InthisChapter，Wediscusshowthosevu1nerabilitiesdistributeamongmuniclpalitiesin  
NationalParkreglOnS，andhowtheyinfluenccthesoundmanagementorNationalPark，With  
cases on Hase andAshiyasu Villagesin MinamiAlps NationalPark，and ShariTownin  
Shiretoko NationalPark．  

∫50 ′55 ∫60 ■65’70’75 －801985  

rig・ヰ NumbcrorvisitorstoNaturalParks  
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Tablellnvestmen（On NaturaJPark  

unit：100milionyen  

FY1975  FY 1982 

Environment Agency  6  10  

localgovernments  200  255  

CentralGovernment（exceptJEA）  32  175  

Private sectors  183  380  

Tota1  421  820  

Source＝Nature ConservatiorL Bureau．JEA（1984）  

3 ANALYSIS OF MANAGERIAL BASIS OF NATIONAL PARK 

3・1F柑meWOrkorthis如udy  
FrameworkofthisstudyisshowninFig．5・MunicIPalitiesallocatetheirinherentresources  

SuChasland，forest，1abourandetc・tOrealizetheirmanagerialgoals・OneorLhemostimportant  
goalstobeattaincdistoretainthcirpopulationatleastasitlS，eSPeCiallytokeepyoungpeople  
Wilhintheirvillagc・Anothergoalorimportanceistostrcngthenemploymentopportunitiesand  
taxbasessuchaspropertytaxgainedfromenergyfhcilities・TheattAinmentofthesegoalscanbe  
measuredbymanagerialindiceslikeincreaslngOrpOPulation，1nCOmeperCaPlta，ratiooryounger  
generationsin totalpopu）ation，Einancialindex and etc，   

Ontheotherhand，gOVernmentaladministrativesofNationalParkhavedint・rentgOalsfrom  
those ormunicIPalities to protect outstandinglandscapes and promote utilization ofthem  
（NaluralParks Law，Articlel）・Degrees ofnaturalvcgetation，Observed numberofprecious  
SpCCie5，numberorvisitor5areSOmCeXamPlesofthemanagerialindicesthatrepresentthesound  
NationalPark managemerlし  

ThemanagcrialgoalsormuniclpalityandNationalParksomctimesconflictandsometimes  
COOPerateWitlleaChother・AnalysISOftheeLTectorrcsourcca）locationtomanagcmentoftheare  
ShowninthecentralpartorFigL5isthecorcorthiss［udy，buthereinthisreportwediscussLirst  
through the generalview ormanagerialsituation50rNationalParksinJapan aloIlg this  
丘amework．   

3・2Daband methd used foranalys15  
0utor531municIPalitiesthatarelocatedinthcareadesignatedastheNationalParks，188  

municipalitie5areSelectedasMNPs（Municipaliticswith［ightrelationtoNationalPark）．Those  
MNPs haveless than30，000populations cach，mOre that20％NationalPark arcainits  
administrative district，and so theinnuences of NationalPark designation seem to be  
COnSequented to their socio－eCOnOmic situations・  

ThreemunicIPaliticswhichareLobefocusedinthero＝owlng Chaptershavebeenselectedas  
CaSe51ThetownofShariinShiretokoNationaLParkisirLtrOducedinchapter8asoneofthebirth  
PlacesorNationalTrustmoementinJapan，andthevi11agesorHaseandAshiyasuinMinami  
AIpsNationalParkarementlOnedinchapter9inrelationtotheconstructionoflargescaleforest  
road．  

FinancialdataofthoseMNPsweretakenftom“FinancialStatusofMunicIPalities”edited  
by the Ministry or Home Afrairs，Data related to NationalPark were ofrered by Nature  
ConscrvationBureauoりapanEnvironmentAgency・Table2explainstheoutlineofemployed  
data．  
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Fig・5 Frameworkors【udy－analysIS OfmanagerialbasisofmunicIPalitiesin  
NatironalPark   

Byquantifyingthosemanagerialitems，Whichareshownwithasteriskintheframeshownin  
Fig・5，MNP5areCharacterizedincomparisonwiththoseofmuniclpalitiesorthesamescale・  
Addingtothismanagerialdataofthcmuniclplities，managerialindicesofNationalParkssuchas  
thcratioofspecialpreservlngareaandnumberofvi5itorswereusedtocla5SifyvariousNational  
Parks as the basis oroperating NationalPark pollCy mOre eLTectively・  

4 RESULTS OF ANALYSES ANI）DISCtJSSIONS  

4．1Socio・eCOnOmic Situations of MNPs   

TotalpopulationlivlnginMNPamountstol・6millionsandthoselivlngWithintheNational  
ParkdesignatedreglOnSareO・34millions・ThoseLiguresarerathersrnallcomparlngtOthctotal  
populationoりapanese120millions，butabout2／30fNationalParkregionsweremaintainedby  
those smallnumber or people，Comparlng those MNPs’managerialdata with that of  

municipa砧esorsame5Ca】e（Ⅳ油popuJa亡jon】e55止はれ30，000），MNP5have】es5P叩uJaとionoれ  

the average and showdistinctdepopulatingtrends（Table3）・   
Gcnerallyspeaking，MNPshavesmallpercentageorpopulationinprlmaryindustry，Which  

havebeendecreaslngandprovided［osecondaryandtertiaryindustries・Thosewerefarmers，  
fishermenandwoodmerlthattakecareornaturalresourceswhiletheyarccapturlngprOducts  
f，。mfields，Sea5andforests，So［hi5decreaseorprlmaryindustrypopulationsometimesmeansthe  
abandonmentormanagerialresponsibilityofnaLuralresourcesinthearea・AshiyasuVillagehave  
only6woodmensfamiliestomaintainits148squarekilo－meterSland，OguchiandYoshinodani  
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Table2 AnalysisorManagerialBasisofMunicipalitiesirlNationalParks  

rData Sources   

l． National Park dala－Nature ConseⅣation t‡ur亡au（1975）ニ Surve）・Or  
MurLic）PalitiesinNa（ionalPark・NaturalParksPlar）rLingDivision   

2，Population and FirLanCiallrtdices－Mini5Lry or Home ＾汀airs（1975，19BO）＝  
FinancialSlatuSOrト1unicipa】ities（1975，1980）   

－MunicipalitiesInves【1gated   
l．LocatedirlNatior）aLParkdesigna【edregions  
2・POpulalionunder30，DOO  
3．Moretllal120％or【hal・亡aisoccupj亡dbyNa【i叩aけarka代a  

（ThedesignationorNatiorlalParkinfltlenCedthemunicipaLity’sproductiortandliving  
basisconsiderably）  

popu加10Ilin  

m麗忠類  

ea  

municlpalities  

investigated   

all munieipalities 

locatedin National   

Park area  

188  1，600  340  

531  11．000  

＊TheNationalParkareacontairledinthemuTlicipalitiesirlVeStigatedcovers67・5％orthe  
to【alNationalParkarea（20，200km2）  

Vi】】age5ha5】eざSthaれ0・7per50n50rpr】maryindu51ryperlheirone5quarekjlometerland5▲  
The ratio or the population engagedin prlmaryindustry to the totalpopulation or  

municIPalities’area，Whichrepressentsthce爪）rttOpreSerVenaturalresources，gOeSbelowone  
personpersquarekilometerorMNPsarea．1rlAshiyasuVillage，thisfiguregoesdowntoO．3l，  
SeCOnd to OguchiVillagein11akusarlNationalPark．  

TheratioorpopulationinsecondaryindustryarehighinMinamiAJpsNationaJParkreglOn  
（Table3），and the most part orthis figureisoccupied by conslruCtionlabourlikein road  
COnStruCtionsandinrepalrlngWOrksofit，Withsmallfactorylaboursatanelectriccompany  
recentlylntrOduced．  

Thetertiaryindustrymeansserviccindustrylikeinhotelsandleasurefacilities，Manyrich  

municlpalitiesthatposscssexce11entnaLuralresourcesforsight－SeelngCanallocatelargeportion  
Ortheir population tolhose services・  

Fjnancja】jndiceざOrMNI’s5howratherbet【erpo5jtjo－1抽anoけIermUrlic】Palj【iesaverage】y，  
but the range ortheir distributionis so wide as shownin Fig，6・There are some rich  
municIPalities with precious naturalresourceslike hot sprlngS，OutStandinglandscapes or  
historicalplaces，Whichbenenttheirfinancialpositionssomuchandlifttheaveragefigureofthe  
totalMNPs・ManyMNPsincludingAshiyasuandHase，have†inancialindiceslessthanO・2、  
ThismeansthatonlY20％orfinancialsourcesardinternaJLysuppJied，SuChasresidentiaJtaxand  
PrOperty taX，arld that they heavily depend on governmentalsubsidies・   

4・2Relations皿Ongma皿agerialimdices  
Afterinvestlgatlngthoseindices，therclationsarnongthosemanagerialgoalsareexamined・  

Fig・6showsthecorrelationbetweentheincreaslngrateOfpopulationandthefinancialindex，the  
twomostimportantindicesofrnuniclpalities，management・Noclearrelationcanbcseenbetween  

－103－   



Table3 ManagerialBasisorMunicipaliLiesinNationalPark  

all munieipalites 
（popu】a亡ion under  

30．0（船）  

mt血clpalitjesin  
NationalPark   

】975   1980  

Ashiyasu V．  Hase V．  
（MinamiAlaps）   （MinamiAlps）  

1975   1980  1975   1980   

ShariT．  
（Stliretoko）  

1975   1980   

Total Number 

Poputation（av．）  

increaslng「ateOf   

populati〔ln  

ratioofpopulation  

inprimaryindustry  

raliooipopu】atiorl  

in secondary industry 

ratioofpopuiation  

intertiaryindustry  

financia】irldex  

2，554  189  188  

10，059  8，264   8，069  

％／y  l．89  －4．58  3，26  

％  36．3  40．8   3Z．1  

％  28．3  2l．9   25．3  

％  35．2  36．0   41．ユ  

％  0．310  0．290  0．321  

699    637  

16，7  －8．9  

1（），7    7．1  

57．2   55．2  

25．8   37．7  

0．100  0．108  

2，911  2，697  

－11．9   －7．4  

47．7    30．5  

29．3    36．8  

Z3．0    32．7  

0．190   0．199  

15，996 15．795  

－4．1  －1．3  

38．6    3Z．3  

22．9    22．Z  

38．5    45．4  

0．340   0．384  

RzLtioofNationalPark  

arealototalmur】ic岬a】  

a「ea  

Ratioofspecialproteetion  

Areaand ClassIspecial  

Area（o totaZ NationalPark  

Area  

0、35  

（Yamanashi，Nagano）   
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thesetwo．ThismeansthatcvenirtheLinancialsituationimprovedmuch，ithaslittlepowerto  
PreVent depopulation byitself・   

1ndustrialstructure，thea1locationorhumanresourcesofMNPs，hassomerelationshipwith  
theirtinancialsituations・ThereareLewMNPsthathavelargeprlrnaryindustrypopulationand  
high financialindex value at the same time・The portion orsccondaryindus［ry haslittle  
correlationwithfimancialsituation・TherearesomewealthymunicIPalitieswithlargeportionof  
tert）arYindustries・Excellentnaturalresourcesseemtocontributemuchtomaintain［hegood  
financialpositionsin those municIPalities・   

Concluding－romthosengures，themanagerialbasisofMNPsshouldberegardedEragile，  
anddepopulationphenomenaorlglnatemOStSeriouscontradictionsbetweennatureconseIVation  
andreglOnaldevelopment▲ExcludingsomewealthyMNP51ikcHakone｝Karuizawa，Yuzawaand  
Yamanaka－kowhichhaveintheirareaLamousvil）alandsorhotsprlngS，manyOtherMNPstend  
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tobeobligedtointroducelabourabsorbingindustriestoprevcntnowoutofyoungerpopulation，  
which sometimes resultin the destruCtions ofnaturalresources．To those finan9ially fragile  
municlpalities，COnStruCtionworkssuchaslargescalcforestroadorpowergenerationplants  
oLTerstheremedyofimmediateeLTect，aCCOmpanylrlgmOreOVerWithhugepropertytaxincomein  
caseofpowerplant・ButsoL叫thoseefhrtstoattainthedoublegoals，Whicharetheprcventionor  
flowoutofpopulationandtheimprovementoffinancialsituation，SeemunSuCeSSLul▲Although  
manyMNPsachievedtheimprovementoftheirfinancialsituations，difncuItiesstillremainin  
keeplng the stable populations・   

IncaseofAshiyasuVillage，theratioorthenumberorpeopleengagedinthesecoTldary  
indu5trySharesmorethanhalf，andmostofthemareabsorbedintheroadconstructionworkand  
transportationwork，WhoaremainlYflowedoutfromLorestrywork・lnHaseVillage，neWly  
extendedroadservedtheco－1Venienceorcommu［J，lg［oJICig）1bourhood（OWnS）Taka〔ohandIna，  
whichacceralatedflowout，andchangesitsindustrialstructuretosecondaryindustrY，remanlng  
their forestland unmaintained．   

Contra5【【othese【wovillagesinMinamjA】p5Na［ioロa‖）ark，止erolVnOrSharjinS最re【oko  
NationalParkisrichinfisheryandagrlCulturallandsthatpreventrapidflowoutofpopulation・   

Those considerationsimply that naturalresourcesinitself，eVen though precious as  
designareda5Natjona】Par土，arenOtSU汀】cj印土工O刀Ouri5htbmunjc】paJity’5managem印tbase，  
andsuggestthenecessltyOrSOmeSubsidiarypoliciestoMNPsinordertomaintainthenational  
naturaltreasures，in addition to the designation．   

4・3GroupingofNationalParksbytheirmanagerialspecifications   
TheinvestlgationsintomanagerialsituationorMNPsleadtothcdi占cussionsofthestrateglC  

policytostrengthen themanagerialbasis orthem・From theanalysISabove，MNPscanbc  
classifiedintotwo・SelfsustainablemunicIPalitieswithrichnaturalresourcesinitsarea，and  
insustainableones whoneed someaids to direct theire爪）rtSinto nature conservation．To the  

formernosubsidiaryneeded，butrathersomeprecautionsshouldbepaidtopreventovcruseof  
theirrich resources，To thelatter someefrectiveguidanceand subsidy maybenecessaryto  
promoteconservationactivitescompatiblewithmanagerialgoalsorMNPs・Torationalizethis  
pr10rltypOlicy，SOmeClassificationorgrouplngOfNationalParksshouldbeproposedtoLindout  
the degrees of necessity of govermental support. 

NationalParksinJapancanbegroupedasinTable4，uSingrnanagerialindicesofMNPs  
arldNationalParks・OneaxisdefiningthisgrouplngrepreSentSthetypeorrcsourcesinherenlto  
NationalPark，Whichcanbedeterminedinconsidcrationtothesizeorspecialpreservingarea，  
numberofthevisitorsandsoon・ThetypesofinherentresourcesdistributefromacorlSerVation  
typetooneend，Whichhaslargcspecialpreservmgareaandlessvisitors，andarecreationaltype  
to thePother end that has contrary characteristics to the fbrmer．   

AnotheraxisdifiningthegrouplngisthepotentialitiesornaLureconserVationeachNational  
Parkha：s・ThisaxisisrankedbythemanagerialindicesortheMNPsconstitutlngtheNational  
Parks．Ascolldudedbefbr仁，thosemunicIPa】j－ie5血athavcpoormanagerialindicestendtou5e  
thもirnaturalresourcesforthedevelopmentpurpose，eSPeCiallyinthewayincompatiblewith  
natureconservation．Sothisaxisare′scaledqualitativelyaccordingtothepotentialstrcngthor  
MNP5jn thとreg】0れ・   

NationalParksweregroupedroughIyintofivedistinctcategoriesbythosetwoaxes・Famous  
sight－SもeingplacesandNational・ParksnearMetropolitanreglOn，1ikeFしUiHakone）Asoand  
Chjchibu，aregrOupedin［otherecreationaltype・Towada，Bandai，Kirishimaaregroupedinto  
theconservalibntYpeWithhighpreservlngPOtentialites・ThegrouporconservlngtyPeWithlittle  
preservlng POtentialities are consisted orNationalParksin Hokkaido，MinamiAIps and  
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TabIe4 Croup】ngOrNa【ionalParks  

NaturePreservationPotentiaL  
mgh  Low   

Towada  ［）aisetsu，Akan  

Conservatiムn  Bandai  Shiretoko  Rishiri，Hakusan   

Type   

KirishirrLa  Cyubu‾Sangaku  MirLamiLAlps   

Of Nikkou、San－in，Daisen  

Saikai，Jou－Shinetsu  

R。。reti。nal  
Chichibu   

Type   Shikotsu．FujiLHakone  

Aso．Unzen   

Haku5an・This group may be the NationalParks that need some careLu））y plarlnCd park  
management plan to keep thcir naturalresources environmenta】1y sound・  
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Chapter 8 

Economic Analysis ofDemand Behaviour Related  
to Nature Conservation  

Y．Kitabatake and S．Nishioka  

AIISTRACT  

Onereprescn（ative”Na（ionalTru5t”movcmentinJapanistheonestartedbyLhe（OWnOr  
ShaTisi－1Ce1977in order tこゝpurChasc and replant some orthedebTぞSt仁dla－1din Shirett）kD  
NatrionalPark，WhichwcrcorLglnalLycuLtivatedandlaterdcsertedbyfarmsett）ersandsomeof  
Whichwereboughtbylanddevcloper5・AsorMarch1984，18409pcrsonsdonatedthetotalsumor   
187millionyenand473haorthelandhasbeeI－PurChasedbythetown．Jn（hispaper，eCOnOmic  
aspecLSOfdonor’5COnCernfornatureconservationareanalyzed，theore（ica11yandcmplricalJy・On   
【heore（icalsides，WemadeaqualitativcanalysISO［currentconsumptlOnV5natureCOnSCrVationin   
（ermSOranOPtlma）controltypemodel，and then revicwed【heconcep【ofoptlOnValue・Orl  
emplricalsides，dataonpeoplc’sconcernforna（urCCOnSerVaLionaregathredin（WOrOuteS，Oneis  
aquestionairetodonorsorSiretokoenvi－Onment‡undcampalgn，theothcrdatarelatedtoactual  
behaviourwhichare（henumberofvi5itsbydonorsofdiLTerentreglOnStOtherefores【ationfesLival  
hcldevery†earby（hetoynorShari・BasedonLhescda【a，eCOnOmicratiorlaleforglVlngdonaLion   
【o Shire（Oko environmt・nt fund carnpalgn are Clariried wi（hin（he theoreticalLramework・  

1INTRODUCTION  

Ascxplainedinchapter7，natura）parksincludingnationalparksinJapanaredesignated  
withoutaLrectingtheprlVateOWnerShiporthelandsinqucstionandconsequentlylnmOStnatural  
park area声multple use orlands dominate，Wllere uSeincludes outdoor recreation，WOOd  
PrOduction，WaterShed，Wildlife，andin situ energy or mineralproduction・Currcntly5・138  
millionhaorlandsaredisignateda5naturalparks）Where2・015mil】ionhaareasnationalparks，  
1・127millionhaasquasi－nationalparks，andl．996miuionhaasprefecturalnaturalparks，78％  
（4・030million ha）ofthc naturalpark areas are forestlands．   

Underthissituation，SeVerallocalgovernmerltSaSWellasprlVateOrganizationinitiatethe  
movementsimilarto tlleNationalTruStinUK toinvitccontributionson anationwidebasis to  

PurChaseandcon5erVeprlVatelyownedplacesofrlaturalbeauty・Foraconlprehensivereporton  
therepressentativeNationalTrustmovementsinJapan，SeeNishiokaand Kitabatake（1986）．  
OnerepresentativenationalenvironmentLundcarr．palgnisthecampalgnStartedbythctownor  
Shariin Hokkaido Prefectureinorder topurchaseand rep】antallof［hedeforestcdlandin  
ShiretokoNationalPark，Whichwereorlglna11ycultivatedandlaterdesertedbyfarmscttlersand  
SOmeOrWhich weTe boughtbYland developers・  

Fig・1showschangesinthenumberofdonorsShiretokoenvironmcntfundcampaign．Asof  
March1984，18409persons donated the totaIsum of186，9million yen，Wherc the unit or  
donationsis8000yenandroughlycorrespondstotheprlCeOflOOm20rlandinShiretoko・   

In this chapter，蜘e dealwith economic analysIS Orthe followlng tWO prOblcms：   
Problemsl－AsFig▲1shows，themonthlycurveforthenumberofdonorsrisessharplyln  

Novemver1980・Kitabatake＆Ni5hioka（1984）clarifiedthroughthequestionaireanalysisthat  
thissharprisewascausedbythearticlewritteninJapan’sleadingnewspaperofAsahiShimbun，  
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Fig▲1Changesin the numbcr ofdonors to Shiretoko environment nlrld cam－  
paign  
Source：DocurnentscompiledL）ythetowr）OfShari，HokkaidoPrefecture  

WhichintroducedShiretokoenvironmentfLmdcampalgninsuchawaythatthepublic，ssenseof  
Crisiswasraisedatthelossorpreciousandsplendidnature・Isitpossibletobuildaneconomic  
modelwhichexplainsthepeople’ssharpresponsetotheinLormationglVenbythenewspaper？  

Problem2－Thelegalstatuso［theNationalTrustinUKwasclearlydeterminedbythe  
NationalTrustActof1907．ThemostirrlpOrtantpartOftheActwas‘くtheclausewhichenabled  
theTrusttodeclareitslandandbuildingslrlalienable，Whichmeantthattheycouldnotbesoldor  
givenaway・Thiswasanimportantsa丘guardtothosewhowerethinkingorgivlngthcTrustlhe  
righttoregulatepublicaccessto亡heaqu；redproper【iesbysuchmean5a5ChargJngentranCeLee・  
IncaseofShiretokoenvironmentfundcampalgn，thelandspurchasedbypeople，sdpnationare  
OWnedbythetownorShari｝andthereiscurrentlynolawwhichassuresthoselandswillbekept  
foreverbythetown・FurthrmoreincaseorShiretokocarnpalgn，thercisafreeriderpro♭1em・The  
landinquestionispartorShiretokoNationalParkandthereisnomeanstoregulatepublicaccess  
Eojt・However，therearesomeaspectsofaclub－1ikecommodity・ThebeneLits，WhichareglVentO  
everydonor，include（1）丘ee？OpyOfnewsreportingtheprogyessofcampaignandpublishedonce  
ayear，（2）therightofparticIPationtothereforestationfestlValheldonceayearinwhichevery  
particlpant，irhecangotoShiretokoona5PeCjticdday，mayPJanta【rceon沌eacquiredland，  
and（3）thepossiblepsychologicalsatisLactiongaincdbylookingathisnameplateatthesitc，  
Underthesesituation5，isthereanyeconomicrationaletodonatetheamountof8000yento  
acqulre the prlVatelandfor recoverlngtheorlglnalwilderness－typelandscape？  

2 DYNAMICS OF ARTIFICIAL RESTORATION  

OF二NATURAL ENVIRONMENT  

Inthissection，WetrytOanSWerProbJeJllJ，basedonas；mpJedynamicmodeJ・TheprlVa－e  
landsinquestionwhichShiretokoenvironmentfundcampalgnhastriedtobuyupandreplant  
areorlginalJycultivatedlandsandaresomewhatamenabletoartificialrestoration・Thatis，the  
casewedealwithhereisnotatypeortheundisturbednaturalenvironmentsthatareprizcdbr  
their unusualscenic feature5and fragile ecosysterns・  
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Weassumeaneconomyor・nhouseho）dswithidcntical，Strictlyconcave，additive utili［y  
hnction   

U（C（t），S（t））＝uL（C（t））十u2（S（t））  （l）  

Theinstantaneouscommodityunitscosumedi5C（t）andthcstateornaturalcnvironmcntis  
represented by S（t），Where the fo1lowlng PrOPerties orthc utility function are assumed：   

u！＝dul／dC＞0， u！c＜0，1imu！＝十∞  
l一■■→O   

u≡＞0， uヲ∫＜0， 0＜1imu≡＜∞  
∫‾■■O  

（2）   

HereweassumcthatzerocorlSumPtlOnCa5eisintolerabletothehouseholds，Whilethelevelor  
natuTalenヽ7iTDnmentis alloIVed to take zeTO Value，   

Thc stock ofnatura］environment，S，aCCumula！CS at a grOSS rate Ofan（Y－C（t）），and  
decumulatesatapercentagcratebappliedtoS，WhereYisaglVenincomeandaandbareglVen  
corlStantS．Hence，thc net accumulated rate ornaturalenvironment（forestedland）is  

dS／dt＝an（Y－C（t））－bS（t）  （3）  

The socialwelfare problemis to chooseC（L）so as to maximizc   

J冨exp卜Åt榊】（C）＋u2（S））dt   

s叫ecttD（3）andO＜C（t）≦寸  
（ヰ）  

Whcre人isLhecontinousrateordiscount・ThecurrcntvalueLagrarlglanfortheautonomous  
SyStem（Y fixedin time）is   

L＝u】（C）＋u2（S）＋p（an（Y－C）LbS）＋q（Y－C）  
（5）  

Wherethestatevariable（S），COntrOIvariable（C），andauxiliaryvariables（p，q）areundcrsroodto  
befunctioI－SOrtime・ThcMaximumPrincipIc（Arrow＆KilrZ，1970，P．48－49）statcsthattherc  
existsanauxiliaryvariablepandLagranglanmultiplierqsuchthatLismaximizedwithre5PeCt  
（O C and such that p satisfics the difTercntialequation and thc transversality conditioIl   

dp／dt＝（ス＋b）p¶u≡   

ま短exp（‾叫p（t）≧0，′奴exp（‾人t）p（t）S（t）＝O  
Neccssa丹比ndi〔ions hr maximizaしion ofL a∫e  

】   ur－anp－q＝O   

q（Y→C）＝0，i」C≧0，q≧O  

From（8）and（9），thc touowirLg rClationships holdこ  

br thc case orno savi咽（Y＝C），   

q＝u！ranp≧0 0r P≦u三（Y）／an  

hr the positive amount orsavimg（Y＞C＞0），   

q＝uま（C）一anP＝0 0r CisahlnCtionorp．  

（10）  

（11）  

Thereforethemotionorthesysteminthephasespace（p，S）i5gOVernedbythedifferential  
equa【ions，  
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aY／b  ∫   

（8I】nternalsolution  tbIBoun（】aryso山tion  

Fig・2 AphasediagrambrLhepathorsolu（ion  

dS／dt＝ 
（霊‾C（p））‾bS監：‡警O  

dp／dt＝（ス十b）p－u≡  

Fig・2sPowsaphasediagramforthepathofsolutionstothedintrcntia】equations（12）‾（14），  
wbereS＝Ocurl′亡COjncjdeswjtb theverfjcaJaxj5払rt加valueorp5ped茄edi∫l（10）which  
corresponds to the caseofno savlngL Figure2a corresponds to thecaseor   

anu≡（0）／（Å＋b）＞uと（Y）  

and Fig，2b to the case of   

anuヲ（0）／（Å＋b）≦u！（Y）  

（15）  

（16）  

lneachcase，foragiveninitialvalueorS（t。），itcanbeshownthatthereexistsp（t（，）suchthat  
thereisan 

． 

levelofrecoverednaturalenviroment・The革HSof（15）indicatesthechangeinthecurrentnow  
orutilityirtherateorcomsumptlOnatC＝Yisdecreasedmarglnally・Alongatstationarypolicy  
the marglnaldecrease，△C，OrCOnSumPtlOnimplies that the stockofnaturalenvironment  
increasefromzeroleveltoan△CLorallfuturetime．ThustheLHSof（15）isthepresentvalueof  
theflowofadditionalecvironmentalbentfit．Thusifthemarglnaluti）ityofconsumptlOnatnO  
savlngSituationislessthanthepresentvalueorrnarglnalutilityofrecoveredenvironment，then  
thelong－run Stationarylevelornaturalenvironmerlt take a positive valueL   

Thefo1lowlngSummarizestheresultsofacomparativcstaticalanalysISOfthesteadystate  
with respect to changesin the values ofgiven constants＝  

dS■／dY＞O  

dS＊／db＜O  

dS＊／da＞O  

dS＊／d入＜0  

7
 
0
0
 
9
 
0
 
 

1
 
1
 
1
 
り
」
 
 TheinceaSeirLagivenincomelevel（Y）orin［herecovery－Savingratio（a）1eadstoanincreasein  

thestatlOnarγ1evelofnaturalenvironment，Whiletheincreaseindestructionrate（b）orintherate  
。rdis。。。nt（l）1e。dstoadecreaseinthestationarylevelorS＊・  
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Bascdontheabovediscu5Sions，WemaypreSCntthreeanswerstoProbleml．Oneansweris  

relatedtotheintroductionorShiretokoenvironmentfundcampalgnbyAsahiNewspaper・That  
lS，Wemayjudgethatnewspaper’sintroductionwaseFTectiveinsuchasencethatreadersorthe  
ncwpaperjudgedlhaLaneLrectivenesヲOrdonation（a）washighinthecaseofShiretoko・The  
sccondanswerisrelatedtoourquestlOnaireanalysisshowingthatdonorsareconcernedmore  
withthcstateornaturalenvironmentirltheirchildren’5daysthanwiththatLorimmediatefuturc．  

Thisimpliesthat人issma）1brmanydonors・Thethirdanswerisrelatcdtoequations（15）and  
（）7），Thatis，WemaySuSPeCtLllatdonorseitherjudgedthatthemarginalbcnefitornatural  
environmcnt stockis greatcr than thc marglnalutility ofconsumpt10n，Or that theirincome  

becomelarge enough Lor（15）to hold，  

3 0PTION PRICE AND EXPECTED CONSUMER SURPLUS  

InthissectionwctrytoanswerProblem2，basedontheconceptorpotionvalueandan  
emplricalestimate orcxpected consumer surp）us．   

3・1TheoreticalbackgTOund  
TheconceptofoptionvaluewasfirstintroducedbyWeisbrod（1964）．FreemanⅢ（1984）  

Summarizes what Weisbrod argued asfo1lows：“anindividualwhowas unsureorwhethcrhe  
WOuldvi5itasitesuchasanationalparkwouldbewi】1ingtopayasuminexce5SOfhiscxpected  
COnSumerSurPlustoguaranteethatthesitewouldbeavailable．“Thesumwhichanirldividualis  
Willingtopayinexcessofhisexpectedconsumersurplus（E（CS））isdefinedtobeoptionvalue  
（OV）．Thatis，  

OV＝OP‾（E（CS））  

WhereOPis“themaximumsumtheindividualwouldbcwillingtopaytoprescrvetheopt10ntO  
visit the site before his own demand uncertainty was re501ved，  

Weassume，aSSnlith（1983）did，thatindividualpreferences（anbedcscribedbytwostates：  
（a）demandingtheservicesofthesitewithu．（）；and（b）notdemandingtheseIVicesofthesite  
Withu2（）・Eachstate’sutilityLunctionhastwoarguments，income（Y）aTdavariableindicating  
accesstothesite’sservices，Withdimplylngtheser、icesareavailableanddimplymgthcYarenOt・  
Wefurtherassumethatthepr）CeSOrgOOds，WhicharecomplementarYOrSubstitutetothesite，s  
SerVices，andincome（Y）areconstantacro5SStateSandinthefuture・lfthelatterassumptionsare  
relaxed，WefaceanumbcrorscenariosconcernlngthcslgnOfoptlOnValue，aSdiscussedby  
FreemanⅢ（1984），   

TablelsummarizesthealternatiYelevc）sorutilltyaChievcdineachoffourca5eSLIfwe  
SPeCifytheprobablitythatanindividualdemandthesite’sservicesas7r．，andtheprobabilityor  
notdemandingas n・2，thentheexpccLedutilitiesforthestatcsdefinedbytheavailabilityandthe  
lackofavailabilityorthe site are，reSPeCtively，defined to be   

UT（Y）＝TrLul（Y，せ）十7r2u2（Y，せ）  

UT7（Y）＝汀LuL（Y，d）十7r2u2（Y，d）  

Wealsoassumethateachu｛（）isconcaveandthesite’5SerViceisanormalgood■Thenwemay  
naturallyimaginethattherelationshipUl（Y）＞U山（Y）holds．Withthisframework，theoption  
price is defined to be that amaunt which would assure the following- equality 

U［（Y）＝UT（YrOP）……汀1ul（Y－OP，d）＋7T2u2（Y－OP，d）  （21）  

ThepaymentOrOPcorresponds，inourcase，tOthcdonationtoShiretokoenvironmentfund  
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TablelAlternativeperspectivesonutility   

（UrLCertaintyaboutfutureavailabi）ity）  

Siteis  

Demand  notavailable  available   

薫育ち 
。。。ema。。  ul（1r，召）   ul（Y，d）   

h∈≡≡  
芸ヱー己  

羞ヨ扁donotdemand   u2（Y．1）   u2（Y，d）   

CamPalgn，Whichi5aSSumed to assure the preservation or】and for park services，  
Asan alternative to the payment OrOP，We may SuppOSe the purchase ofa clubLlike  

COmmOdity・Thatis，anybodywhowantstoseethcsitetobepreservedforparkservicescanJOlna  
Clubsuchas”LivetheShiretoko’s RecoveredNature”club，Whereeachclubmembcr，belore  
enterlngtheclub，agreeStOpayaCeutainamountwhenhevisit豆theiste．Furthermote，Wemay  
a5SumethatonlythosepersonswhoeitherpaidOPorisamemberortheclubareallowedto  
crリOyとheiぶrC，55erVjcc5・TlleeaChc】u♭m亡mberwilJpayuptohi5COnSumCr5urP】u5Wムichcnable5  
the followlng equality to hold  

UIl（Y）＝7r．u．（YrCSl，d）＋7r2u2（Y－CS2，d）  
＝7rlul（Y－CSl，d）＋n’2u2（Y，d）  

（22）  

，WhereCS2＝0，forhisconsumersurplusiszeroifhedoesnotvisitthesite．Inthefollowlng  
SeCtionwetrytoestimateCSL・WethencompareOP（＝8000yen）withtheexpectedconsumer  
surplus or7r．CSl．   

3・2Empiricalestimate ofconsumer5urplus   
AsexplainedinProblem2，therearesomeaspectsoraclub－1ikecommodi［yinShiretoko  

environmentfundcmpaign・Oneistherelorestationfestivalheldeveryyearatthesite．Thetown  
OfShariha5reCOrdedthelistofparticlpantStOthefestivalforpastsixyears，Inthissectionwetry  
romakeanes【ima【eorac【ua】con5umerSurp】u5by［鮎HoteⅢng－C】aws用－Kne【schけave】cos［  
method（Clawson＆Knetsch，1966；Knetsch＆Davis，1966），   

Inordertoapplythetravelcostmethod，thewholecountryisdividedintoninereg10nSat  
vaIYingdistancesLromthetownofShari．Thecostorvisitlngthetown，P，iscalculatedintermsor  
transportation 

， 

fo1lowIngis the statistically e5tima［ed relationship：  

1nP＝4．4530－0・733111n（X／Z）   
（40．374）（－8■062）  

N＝9，R2＝0．9182  

（23）  

Wecannowproceedtoconstructthedemandcurveforthcsitebyrelatingaddedcost（△P）to  
totalattendance（X’），basedon（23）・Thatis，LoreachregionwithagivnvalucorZandP｝We  
firstcalculateX’bysubstituting（P＋△P）forPin（23），Fig・4plotsestlmatednumberorvisiLs  
（X’）atdiffeerentaddedcostlevel（△P）▲Theestimatedrlumberor982visits（perSOnS）Lorzero  
added costis somehow close to the actualnumber or913persons・  
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COStPerVIsit  

‖000ven）  

Fig・3 DcmandcurveforwholerecreationexperienceforthesiteorShiretoko  
CnVironmenLLundcampalgn  

∂ddedcostpervi5it  
；hYPOthetica［   
entrance fee 
（1000yen）  

0 2001400 掴 瑚1㈱  
282  

totalnumberofvisitstothe＄ite（X’l   

Fig・4 EstimatedefrectofaddcdcostontheLotalvisitstothesi（e  
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IfweassumethatparticIPantS［o thefestivalfrom townofShariwhichamounts to262  
PerSOnS，Willvisitsthesiteregardlessortheamountofaddedcost，WCmayCalcu］ateconsumer  
SurplusforparticIPantSfromrlinereglOnS・Theestimatedconsumersurplusisabout31・3mi11ion  
yenLbr651（913－262）persons，Orabout48thousandsyenperperson・Thustheexpectedconsumer  
Surplus can be written as  

E（CS）＝prob▲（one visit）×48080＋prob，（two visits）×2×48080＋‥  

Ourquestionaireチnalysisshowsthatabout2・7％orthesampleddonors（1395）outsidethetown  
O［SharihavepartlCIPatedthereiorestationfestivaJsheJdinpastsixyearsandthataverageofthe  
5ampleddonorsisabout40year501d・IrweassumethatdonorsoutsidethetownofSharimay  
participateafestivalatmostoncein30years（40－70yearsold），thentheprobabilityofonvisit，  
On theaverage，becomes13・6％・Underthe5eCOnditions，OPtionvaluebecomespositlVeaS  
bllows，  

OV＝PO‾E（CS）  
＝8000－0．136×48080＝1451＞O  

ThuswemayanswerProblem2，basedonsection3・1andourroughestimateofexpected  
COnSumerSurPlus▲Thatis，thereisaneconomicrationalebehindpeople’sdonationtoShiretoko  

envirnonmentfundcampaign・Donorshaveshown，Ontheirownfoot，thattheywerewillingto  
PayanOPtlOnPrlCeOf8000yeninordertoeliminatetheuncertaintyaboutthesite’savailability  
forparkservices・Thi5Statementdoesnotdenythepossibilitythattosomedonorsthedonationor  
8000yen has already bcen recovered oris a recoverable amountJuSt by particlpatlng thc  
reLorestation festiva】once or twice．  

4 CONCLUDING REMARE5  

Inthispaper，Wetriedtoclari吋aneconomicrationalehiddenbehindthepeople’sdonation  
toarepresentative“NationalTrust”movementinJapan・Insodoing，Wehypothesizedastothe  
donors’sbehaviour that thespeed orrecoveryora naturalenvironmentinquestionand the  
uncertaintyofsupply ofnationa】park servicesin good condition are thesignificant factors  
anectingtheeconomicdecisionofwhethertodonate8000yenornotbyglVlnguPthecurrent  
COnSumPtlOn・   

Theoreticalaswellasemplricalanalysisdoneinthischapterpresentedtheresultscomplymg  
Withourhypothesis・Thuswemayclarifyaneconomicrationaleasflollows：donors，Whoaremore  
OrlessconcernedwiththewelfareofdistantLuture，judgedthattheeL7ectivenessofdonationin  
recoverlngthewilldernessbeautyishighinthecaseofShiretokoenvironmentLundcampalgnand  
thattheamountofdonationisnotanexpensiveonesuchthatitcanbcrecoverablejustby  
particIPatlng a reforestation festivalheld once a year．  

ThishypotheticalconclusionlS，Ofcourse，basedontheassumptlOnSthatadonor’sincome  
andprice50fsuchgoodsastransportservicesareconstantinthefutureandthatdonorsare  
homogeneous・Furthermoreouranalysisdoesnotconsiderexplicitlytherelalionshipbetweenan  
ecologlCalvalueorthesiteinquestionandpeople’sdonationbehaviour・Particularlywedidnot  
COmParethecascofShiretokowiththesimi1arcaseornationalenvironmentfundcampalgnSuCh  
asTeruinsakienvironmentfund campalgen丘omtheviwpolntOfvarylngdegreeofthesite，s  
ecologlCalvalue・Therefore，thereareatleasttwofurthertasks tobedoneinordertoclari年  
PeOPle’sdemand behaviourrelated tonatureconservation・Oneisa theoreticalstudywhich  
integrates the dynamics orphysico－eCOloglCa）characteristis ofnaturalenvironment and the  
uncertain aspects orpeople’s demand behaviour as wellas orthe Lhture availability ofthe  
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environment．The otheris an emplricalstudy which clariLics the relationships between the  

qualitativeaspectsofnatureconservationand theinten51tyOrpeOple’sdemandsuchasthe  

willingness to pay for nature conservation・  
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Chapter 9 

EconomicAnalysisofa Large－Scale Multipurpose   
ForestRoadin MinamiAIps NationalPark  

Y．Kjtabarake  

A8STRACT  

Oneor抽erepre5enratj、・edj5PufcCa5eSOrnalureconseⅣa（jonvsdevelopme■lrillJapanis  
revicwed and【hccconomicaspecLSOr（hecaseisanalysedin tcrmsofthehis（Oricalda【aon  
developrnentbenerItS・Furthermorethechaptermakesclearthecharac【eristicsandfu（uretasksor  
LheJapanesenationalpark system as theareadesignation system．  

1THE CASE ANDITS CHARACTERISTZCS  

MinamiAIpsNationalPark，Whichwascstablishedin1964，COn5istsorabDuf35783hao［  
1arld，locatcdinwesternYamanashiPrefectureandeasternNaganoPrefecture．50．1％ortheland  
isthelandsbelongingtoprefectures，39・4％orthelandisthcnationaltculeStlands，andthe  
remaininglO・5％ofthelandisprivatelyowned・Thcdelinationofparkboundarylinerenccts  
bitterdebatebetweentheomcialsinchargeornationalparkserviceandthcprlVateaSWellas  
PubJiclarldowners・TheboundaryJinedoesnotcoincidewiththeuniIbrmgeographicrcglOn  
knownastheMinamiAIpsMounLains，eSPeCiallylnthesouthernpartsortheparkwhichare  
mo5中owned bγaIarge p＝Va【e】ogglng COmpany．MinAmiAlps Na〔ionalParkis a  
predominantlyforestedareaandprovidcsmagnificcntmountainscenery，thepresenceorrare  
SPeCies and willd animals）and theopportunltyfor recreationin awild settlng・   

The management ornationalpark consists ofl）preparation ora park schcme，in  
COnSultationwiththeprefecturalgovernmentSandtherelatedGovernmentalagencies，2）prq］eCt  
revi？Wandparmitsystem，3）provisionorfacilitiessoastoincreaseparkusc，and4）guidance  
ServleeSforuscrs・TheparkschemeLbrMinamiAIpsNationalParkclassifiestlletOtalparklands  

iJl（OfourcategoriesasshowninTabJel▲ApproximateJyahaJfofthcparklandsisclassificdas  
ClassⅢspecia】AreainwhichordinaryhrestryactivitiesaswellaspublicworksprQ］eCtSare  
Permjtted．   

InJuneof1968，JapanForestl）cvelopmentCorporationUFDC）appliedtotheMinistryor  
WelfareforapermittobuildalargerscalemultipurposeforestroadacrosstheMinamiAlps  
NationalPark】andintheexpectationofl）thereductionortr浦cdistancebetweentworeginSOf  
K石fuandlna，2）thedevelopmcntorundevelopedforcstarァas，3）theenhan竺ementOrPrlmaIY  
productsdistribuLionirlthetwo 

． 

natiolla】parkdivisiono（thcMinistryofWeJLareapprovedwiththecondition：JFDCshouJd  

presentadetailcdconstructionplanfortheareadesignatedasClassISpecialArea，beforethe  
CO”5truCtionorthat5eCtjoni5und餌aken・Theappr肌7edroadcon言上ru亡とjonprqドC亡拍n5i5t50r加O  
PartSWhicharetheimprovcmentortheexistlngforestroadandtheconstruCtionofanewrDad，  

Where thenewly constructed partis shownin Fig・1in terms ortwo arrowheads・   
“Aratherrapidchangeinsocictalattitudestowardspollutionoccuredinthe）atesixties  
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TablelClassifiedareasintheMinamiAIpsNationalPark  

Landusecategory  OveralLirLtenSity  Areas  

guideline  （ha）   （％）  

9266．4  25．9  no site modificaLion  

inprlnClple、nO Siとe   

mod汀ication   

littlesite modifica－   

tion such as setection  

c血ingoflessLham30ヲ‘   

moderte site modificaL  

Special protection area 

SpecialaTea  

ClassI  

Class［  

5443．8  15，2  

408Z．3  11．4  

Class【u  

16990．0  47，5  

35782．5  100．0  

（OECD，1977，P・16）・GressereLal・（1981，p・29）wroteonthispointasLollows＝“by1970citizeIS  
tromallwalksorlifewerechallenglngthe moralityorenvironmenta）1ydestructiveindustnal  
developments・AgainstcconomicgrowththeynowweighednewconcernssuchasthesanctltyOf  
humanlife，individualdignlty｝andthcintegrltyOflocalcommunitics・”TheEnvironmentAgency  
wasnewlyestablishedin1971，tOWhichtheNationa］ParkDivisionwastransfcredastheNature  
Conservation Bureau from thc MinistIY OrWelfare．   

InJuneof1974JFDCpresentedtotheEnvironmentAgencythedetailedconstructionplan  
brapermittob11ildaroadacrossareadesignatedasClassISpecialAreaofthenationalpark・lt  
haspassednotsolongtimesincethe1973StockholmConferenceontheHumanEnvironment・  
Thistime，nOticeofthepresentationsoonattractednationalattentionandSeVeralcon5erVatiorl  
groupsoppo5edstronglytotheconstructionofthatsec［ionortheroad，Wherethem年lOrlLyorloca】  
residentssupportedthecon5truCtion・InrecognlZlngtheimportanceoftheissue，theDircctor  
Generalofthe Environment AgerlCy aSkcdirlDeccmber of1974the Nature CorlSerVation  
Council，WhichistheprlnClpaladvisoryorgantotheagency’sdirectorgeneralinthefieldor  
nature conservation，tO COmment On theissue．   

AsigniLicantlactortowhichthechangeofpubJicattitude5tOWardtheroadconstruCtion  
PrQ］eCtSintheLorestareacanbeascribed，istheincreaseinirnportedLbrestproductsondomestic  
market▲Fig・2showstheaggregateprlCeindex†or”all－1umber”and“al1commodities，”wherethe  
latterindexreflectsthegeneralprlCeleve）intheeconomy・SeveraldistincttrendsinlumberprlCeS  
are evidentin Fig．2．From1952［hrough19611umber prlCeindex exhibited far greater  
variationthanthcgeneralprlCelevel，Wherethcdomesticた〉reSterSWerethedominantsupplicror  
Iumberproducts・Theratioorimportedwoodtothe［otalwoodsupp】ylnCreaSedgradua）1yfrom  
thevalueor17．5％in1961，andtothevalueof29％in1965．Morethanahalrofthetotalsupply  
wassharedbytheimportcdwoodin1969andtheimportedwoodincreasedto69％in1979（Akai，  
1980）．   

Inrefercncetothisdecreaseintheshareofdomesticproductsinthetotalwoodsupplyandto  
theconstructionofChuolreewayconnectingTokyoandNagoya，theexpectedbenefitsor［he  
constructionprq）eCthavebeenmodifiedfromthe1967versorlUFDC，1967）tothe1974version  
UFDC，1974）asfouows‥l）impTOVementOfthefqrestmana写emerLtCOtlditiotlSOfthearea，2）  
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／／ニ言霊ユ訂机Ct雨ction  
ShizuokaP一号fecture   

Fig■1LocationorMinamiAIpsNationalPark  

Strengtheningthetime－honoredeconomicandsocialrelationshipsbetweenK6fhreglOnandIna  
region，and3）improvernentofthceconomicandsocialconditionsortheloca】communitieswhich  
have been dcpre5Sed economically and socially duc mainly to［heirisolatedlocation・   

Peoplecango丘omthecityofK6futothecityorInainaboutonehourviaChuofreeway  
（seeFig，1），Whichis much shorter thanthetime con5umCdinthcMinamiAlpsForestRoad  
（MAFR）・Thisistllerea50nWhytheLhtiteminthe1967ver5iondisappearedLromthe1974  
VerSion■Thcitems2and3inthe1967vcrsionarcmodificdintoitemsland2inthe1974version，  
respectively・Change orthcitem Lrom the development orundeveloped forest areas to the  
improvemcntorforestm？nagementCOnditionsisrelatedtoageneralproblcmoりapa一一’sforest  
management，thatistheexistenccofvasLarea，9．90millionha（41％orLhetota＝brestland），Of  
art捕cialregenerationforestlandsLFig・3showstheage－C】assdistributonofartificialregeneration  
LorestIaTlds，Whereoneage－Classcorre5POndstoonetofiveycarsinterm50rtheageortrees・  
Aboutonehalr（4・75millionha）orarti爪ciallyrnerated†orestlandsneedstheintermediate  
treatmeht such as cleanlng，WCedingand［hinn）ngSL   

ThedebateintheNatureconservationCouI－Cilcontinued morethan threeyears，Since  
December197ヰ・Meantime，the ForestryAgencywhichisthecompetentauthorityorJFDC  
presentedtherevisedversionortheconstructionplaninwhichthewidthofroadi5reduccdfrom4  
metersto3・5mcters・TheNatureConservationCouncilprescnLedinApri】or1978thereportto  
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Fig，2 Long－termtrendorlumberprlCeindex  

Source：．NihonRingyoCho5akai（1981）．ForestarldFores（ryinJapar・・  

Fjg・3 Age－C】a55d呵rjbu血n orartj爪d∂h亡generatjonlorestiりapan  

Source：NihonKeizaiChosaKyogikai，、1aparl’sForestandForestrYPoLicy，1982  
（irLJapanese）fortheyearof1965，andLhedocumentscompiledbyJapanFore5try  
Agencyfor■theyearorlgBl・  
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theDirectorGcneralortheEnvironmentAgcncy，1nWhichthefollowlngOplnionswereexprcssed：  
1）irtheconstructionplanorMAFRhadbeenpresentednot10yearsagobutnow，thegcneral  
OPirlionorthccouncihTlemberswouldbenegative［0［hcapprovaLo（theconstructionpJan；2）in  
recognizingtheた1Ctthat97％orthetotaIlength（56・5km）oftheroadhasalreadybeenbuilt，the  
Councilcou】dnotreachanunanimousopinion；3）oneopinionfavorcdtheconstructionwiththe  
COnditionthatthe5trengthenmentornatureconscrvationmeasureswcrctakeninordertoprevent  
thcpossibledamagestothenaturalenvironmentsaftertheopeningofMAFR；4）theother  
OPlnionopposedtotheconslruCtionortheremainlngpOrtionorMAFRrorthercasonthatthe  
bcncfitexpecLedfromthccompleLionofMAFRwasconsideredfar）cssthanthedamageexpected  
Io thc naIuralva】ue ol－1he area a∬ected♭y the co耶けuclion，   

ln August or1978，the Director Generalorthe Environment Agency approved the  
COmpletibn ofMAFR with thc severalconditions▲The mostimportant conditiorlWaS the  
prohibitionofprlVateautOmObilcsduringwholerecreationalseasonLorthencwlyconstructed  
portion orMAFR whicl－isindicaLed by two arrowheadsin Fig■）・  

2 ECONOMIC ANALYSIS OF MAFR  

2．1Revenue amd co5；t data   

Thetota）benefitareaofMAFRasshowninFig・1consistsof21700ha▲The benefit area  
irlCIudcdin MinamiAIps NationalParkis12900ha，Where83％or12900haisYamanashi  

PrekcturalForcstabbreviatcdasYPF，aI－dthercmainlngareaistheNationalForest．lnthis  
CbapferanecDnOmicana】ys】50rMAFRi5eXeCufedin托rm50rrheda【arela［edIoYf〉F．Tムe  

reasonfortheexclusionoftheareasincludcdinNaganoPrefecturcisrelatedtotheconstruction  

historYOfMAFR・Asindicatedbefore，the②・④portionofMAFRinFigure．lwasnewlybuilt  
sincc1968，Whcrethe①－②portioncalledtheNorogawaForestRoad（abbreviatcdasNFR）was  
COnStruCted over the time period of1952and1961，Thus the various kinds orrorest related  

acrivitessuchaslogg・ng，rCCreation，anderocioncorltrO‖ⅦVebeenobservedinYPF，Sincethe  

early stage ofthe construction orNFR，  

Fig・4shows the time serics data or the revenucs offoresL－related activitics and the  

COnStruCtionandmaintenancecostsorNFRandMAFR，Wheretheerosioncontrolrevcnueis  

equaltothepubliccxpenditureorcrosionconlrolbytheForcstryAgency，therccreationrcvenue  
iscalculatcdto♭ethenumberorvisitorsmultipLiedwiththeaverageconsumpt）OneXPenditures，  
andthesaIevalueorlumbers・A5tOthepublicexperlditureoncrosioncontroIs，Ourdatadonot  

COnlajn血ee叩用dilur∈bytheMjnjslryorCon51ruclion・Thcdaねare5upP】jed♭y止evarjou5  

departmerltSOrYamanashiPrefectureand．1FDC・Thescrevenucdataareplottedsincetheycar  
1956・ThestudyareaorYPFisakindorl）aSinsurroundcdbyhighmountains・Theyearor1956is  
LheyearwhenNFRpassedthroughoneorthesurroundingmountainsandreachedtheeastcrn  
endofthebasinarea・ThecostdatainFigure4reflectstlleCOnStruCtionofNFRfortheperiodor  
J952rhroughJ961aEld［ha［ofMArREol・【hepcriodoH969through1980，Wherethehugecost  
datain1982is the rcstoration cosLs orMAFRdamaged by typhoon・   

ThedatainFig・4arethcnominalvaluedata・Fig・5showsthetimeseriesdataonthetotal  
rcvcnuesandtotalcostinrealvalueterms，Wherethedataaremodifiedintermsorwholesale  

Priceindcx（1980average＝1・0）▲Fig．6iscaIculatcd丘ornFigure5andshowsthenctrcvenue  
datainreaJvaLues▲Thisf；gureclearlyshowsthatthemaxirnumannualnetrevenueovcr31years  
periodisachievedintheyear1967，theyearwhentheconstructionofMAFRbeghn▲Thesudden  
decreasein net revenuein196Bis caused♭y thedecreasejn wood saJeandiT）reCreaSion  
expenditure，aSknownrromFigure5LThearLnualnetrevenueincreasc5tbrseveralycarssince  
1971▲ForthebusservicesbyaprlVateCOrnpanybecameavailableforthescctionbetwcenthecitY  
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milIion yen  

million ven 

Fig，4 Revenueandcostda（a（nominaIvalue）  

ofKofuandtheterminalpointofNFR（point②inFig．1），aftertheimprovementworksofNFR  
Were COmPleted・  

TheaboveexplanationorFig■5and6makescIcarthatthereexistsvariousfactor5SuChas  
thechangeo［traLr；cmode－orecreaIjol－Sites，thein［errelationshipsbetweentheconstructionor  
NFRandMAFR，andtheirlterrelationshipsbetweenthecorlStruCtionorNFRandMAFR，and  
theoccurrenceornatura】hazardssuchastyphoon，Whichmakesthcexecutionoranykindof  
ex－POSL cos！－beneLif a・1alyis or the road construCtion prQ）CCtSin froest arcas di恥cult．  
Furthermore，aCCOrdingtotheofricialsofJFDC，anykindofquantitativecosトberlefitanalysiswas  
notofriciallyrequiredEortheconstructionorlarge－SCalemultipurposeforestroad5SuchasMAFR・  
ThLLSjnfhefoIJowlngWeliketoplnpOlntthreeproblcmsinexccutlngaCOSt－benetitanalysISOf  
MAFR，Whicharel）thedifrerenceirlthecostcompositionbetweenNFRand MAFRandthe  
ChoiceOfinvestmen［criteria，2）theproblcmordeterminiTgthescaleordeve］opment｝3）the  
problemofevaluatingthemultiprDductdevelopmentprQ）eCt，and4）theproblemofincome  
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Fig・5 Rcvcnueandcostdata（realvalue）unit＝million yen  

Fig・6 Netrcvcnuedata（realvalue）unit：milliorlyen  
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distribution．TheseburproblemsareconsideredtoplaylmPOrtantrOlesinexccutlnganeXante  

COSt－bencLit analysIS Ora Similar case．   

2・2Dif托rel】Cejn costcolnPO5itionandchoiceofinvestmentcriteria   
Eckstein（1971，Chap・3）examinedtheformaldiLTerenccbetweenthetwoiVeStmentCritcria  

OrthebeneLiトCOStratioandtherateofreturn，andstressedthatlromthevicwpolntOfemcientuse  
O‖imitedpublicexpenditure，theformercriterionisfavorable・Irwespeci吋thevariabIcsas  
fo1lows：B＝benefitsreceivedanl－ually；C＝annualcosts，1nCludingthechargeoncapital；K＝  
fixedinvestment such as the totalconsLructic．n costs of a Lorest road；0＝operatlng，  
maintcnance，and routine replacement costsincurred anually；i＝interest rate；T＝  
amortization period）then the benefit－COSt ratiois written as  

B／C＝B／（0＋afrK）  

Whe 

：汀＝［室l読手  

and the rate ofrcturn，r，is determined as as Lo satis吋  

TBO   
K＝ 

′】て丁子市  

Ecksteinalsoshowedthatthebcnefit－COStratiocriterionisparticularlyfavorabletoprqjeCtS  

withlowvalueofO／KandtherateorreturncriterionisLavorabletoprQJeCtSWithhighvalueof  
O／K．  

Table2presents，innominalvalue，theconstructioncosts，maintenancecost，andthecostsof  
restorationortheroadsdamagedbynaturalhazards，foreachorNFRandMAFR・Thetablealso  
Show5the】engthorcon5truCredroads，Wbere土山numberjnpare”一山esjsrepresentsthelengtho「  
improvedroads・▲Thereasonwhythepositiveamountsofconstructioncostsalongwithzero  

lengthorconstruCtedroadappearsinTable2in1974through19771iesin［hefactthatvarious  
kinds of resroration works werc done during this time period to restore the environmental 
damagescau5edbytheroadconstructionworks｝Wheredurirlgthistimeperiodhotdebatewas  
beingdoneanl口l－gthen－CI－1しとⅠ・SOr血Na【ureConservationCouncjla5tO－ムemerj［5anddeme由5  
0fthe completion ofMAFR・  

ThoughtheconstructioncostsasweJlas（heETLa血enanceaTldrestorarioncos［varyover  

tirne，WeprOCeedtocalculatc丘omTable2thevaluesorO／KforNFRandMAFR・Forsimplicity  
wecalculateOand Kintermsofnominalvalueanddonotdiscountthedata．AstoNFR，Kis  

equaltolO59・22millionyenandOiscalculatedtobethefouryear（1963－66）averageQfthe  
maintenanceandrestorationcostsandequalto15・6millionyen・ThusO／KforNFRisO・0147・  
AstoMAFR，Kisequalto2418・481rnillionyenandOis239・116whichiscalculatedtobcthe  
threeyear（1980－82）averageofthemaintenanceandrestorationcosts▲0／KforMAFRisequalto  
O，0989whichisabout6，7timeshrgerthanthevaJueorO／KわrNFR．Itisc）earLromTabIc2  
thatthelargcrO／KvalueforMAFRiscausedbythehugerestorationcostsincurredin1982LIn  
orderた〉r【kOノK、7a】ueor入4AFR【obeequa】tothatorNFR，Ova】ueJorMAFRm11Slbeequal  
to35．55millionyen，lmplylngthattheprobabilityortherestorationcostincurredin1982must  

be O．028（oncein36・3years）・  
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Table2 CorlStruCtion，maintenanceand restorationcosts  
brNFRand MAFR  

unit：mil】ion yen  

year  COnStion  malnnCe  reStOn  
。ed  

roads  NFR MAFR NFR MAFR NFR MAFR  
9
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史
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2・3ScaleofdeYelopmemt   

Onemoreproblemorthecost－beneLiLanalysisistodcterminethescaleofdcvelopmcntL  
UsualprocedureLorthedeterminationorthescaleofai）rqeCtisbasedonmaximizlngthe  
diL7erencebetweenbeneEiLsandcosts▲1nreferencctoFreeman（1979，Chap．1）thebenefltOra  
dcvelopmentprQ］CCtCanbedeLinedtobethesumorthemonetaryvaluesasslgnedtovariou5  
e恥ctsordevclopmentbyallindividualsdirect】yorindirectlya恥ctedbytheprQ）eCt，Whcrethe  
evaluationornetbencfitsordevclopmentprq）eCtisbasedonthcdemandEunctionsfortheeffects  

of develomerlt as explained in section 2.4. 

Ourinteresthereisincxaminingwhcthertheextension（andimprovemeIlt）orNFR，is  

CCOnOmicallyspeakingdesirableornot・Sincetherightwardmoverr．eIltOnthehorizontalaxisor  

Figure6correspondstothcincreas章ngヲCaleordeve）opment（thetota］1engthofconstructedroad），  
WemayCOnSiderthatthehorizontalaxISrOughlycorrespondtothescaleordevelopnlentLThough  

theverticalaxisisnottheneLbenefitofdevelopmentbutthenetrevenueordevelopment｝Fig・6is  
COrlSideredtoapproximateafiguredcscribingthenetbenefitofthclogglngrOadconstruction  
PrQ］eCtinYPFasaLtlnCtionorthcscaleordevelopment・ThenFig▲6showsclearlythatthe  
OptlmalscaleordevelopmentwouldbetheconstructionorNFRonly・Fortheannualnetrevenue  
data，Whichareassumedtoequalthcnetbencfitofdevelopmcnt，aLter1967inFig・6arelessthan  
thatin1967．  
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2・4E▼aluationofmultiprductde▼elopmemtprq】eCt   
Theabovedj5Cu5Sjonneg】ec【5bth【hed騰rencein血eecono血cmean】ngOr“rCVenueりand  

“benefit”arldthattheremaybeinterrelationshipsamongvariousefecctsordevelopmentprQJeCし  
In reference to Schu）ze ct al・（1981），indjvidualpersDn’s utilityfor utilizing the naLural  
environmentsofMinamiAIpsNationalParkmaybespeciLiedasafunctionorlevcIsofactivities  
A■・・・An and environmentalqualities Q）‥L Qm  

U＝U（Al．‥AnQl‥．Qm）  
（1）  

Thcntheindividualisassumedtoengageinand／orseIectenvirc・nmentallyrelatedactivitessoas  
to maximize（l）su句ect Lo his budget constraint  

Y一 ∑ P∫A‘＝0  
一ヒ1  

（2）  

whereYishistotaldisposableincomeforenvironrnentauyrelatedactivitiesandPitheprlCeOr  

COSt OraCtivltyi・Lagranglan functionis the   

L＝U（A．．．，AnQ．．．．Qm）十Å（Y一pLAt）  
jt－  

providing thc nrst－Order conditions  

∂U／∂A∫一スP∫＝O fori＝1・‥乃  

Y一 ∑PiAf＝0  声】  

lftheu仙一yLtmcfjDnjsassumedtobe5rrjcf】yir・CreaSjngandquasjrconcaveinAiandQi，andthe  
Jacobianassociatedwithequations（3）and（4）isassumednonzero，thenequation5（3）arld（4）  
may bc soIved（in principle）Lor the“ordinary”Marshalian demand ftlnCtions   

A‡＝hf（P．…P〝Qト‥Q椚Y）bri＝1．‥柁  （5）  

th㌔denotlngOPtlmalvalues，  
Substituting（5）into（1），We Obtain theindirect utility function   

U＊＝U（A芋‥A：Q．．．QmY）＝V（P．・・P”Ql‥QmY）  （6）  

giving血n－a封mumValucoru【i！iryassosjaredwilhagivenprice－qUan叫－inc？meVeC加（P，Q，  
Y）＝（PトPnQ．．．QmY），Thechangeorindividualutilitycausedbythemarglnalchangeof（P，  
Q，Y）is written from（6）as follows；   

f＝1  dV＝ ∑（∂V／∂Pi）dPf＋ ∑（∂V／∂亀）dq＋（∂V／∂Y）dY  
（7）  

Developmentpr句ectssuchasNFRandMAFRareconsideredtoafrectthetimepathof（P，  

Q，Y）－VCCtOrinn＋m十1dimensionalspaceLlradcvclopmentpTQ］eCttranSforms（P，Q，Y）to（P’，  
Q’，Y’），thcnthecorrespondingchangelnindividualutilityiswrlttenaStheLbllowinglineintegra】   

△V＝Jc（i∋．（∂V／aPi）dPi＋主（∂V／∂Q））dQi＋（∂V／∂Y）dY） （8）  

WhereCissomepathofprices，quantitieミandincomebctween（P，Q，Y）and（P’，Q’，Y’）・   

A5anj】1ustralVCeXamp】仁，tWOal†ernat】VepalhsaredrawnjnFjg・7，Wh打erkpa【horM。叫  
M＝COrreSpOndsLothecaseornoconstructionorthefinalportionorMAFRand【hepathMoMI  
ML2tOthecascorconstructionofMAFR・PandQinFigL7rnaycorrespondtotheaccesscostor  
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Fig・7 TwoalternativepaLhsorprlCeand environmentalquallty  

rccreationandthequalityorscenicbeauty｝reSpeCtively・Theavailab）ccvaluationmethodologyto  
evaluate these two altcrnative paths，Which utilizcs markct－related data，1S tO aSSume the  
independcnceorevaluationpath▲Inotherwords，aI］wemaydoaretocomparenoltwopathsbut  
［wostatessuchas（Mo，M12）or（Mll，M12）・Formal）yspeaking，Wefir5teStimatethe5yStemSOr  
demand hlnCtions forA］throughAn，and check theintegrability conditionsorthesystemor  
demand functions・lftheintegrability conditions（theindependence orpath conditions）arc  
Satisfied〉thentheexpenditurch】nCtionforarepresentativeindivdidualpersoncanbederived  
丘omthesystemofdemandhlnCLions，basedonwhichwemaycalcu）atethechangeinnetbcncfits  
CauSedbythechangeoronestateoftheotherstate・Astothedetailsofthemethodology，See  
Freeman（1979，Chap・3），Mckenzie（1983），and Silberbcrg（1972）．   

The abovc discussion made clear the bl】owlng＝in order to evaluate thc multlprOduct  
developmentprq】CCtOrtOdeterminewhethcrdcvc）opmentprqectssuchasNFRandMAFR  
haveincrcasedpeople’swelfareor［10t，ltisnecessaryfbrustoestimatethedemandfunctionslor  
environmcntallyrelatedactivitiessuchaserosioncontrolandrecreationforeachhomogeneous  
group orindividuals，   

2・5Prqjectevaluation andincome distribution   
Asexplainedinsectionl，mOStOftheexpectedbenefitsorMAFRareintangiblebencfitsand  

arerelatedtoreg）Onalorlocalwelfare・1nthisscncc，WeCannOtdisregardredistributionot刀eCtive  
inprqectenaluation・IrwedenoteanaggregatenetbcnefitandalocalnetbenefitasNBOand  
NBl，reSPeCtively，thenoverallprq）eCtbcnentsareexpressedastheweightedsumofaggregatenet  
benefitand redistributionalbenefits，Whereweightsrepresenttherelatiiveimportanceoftwo  
O句ectives．   

Thoughwehavenotcol）cctedsystematicallythedataonredistributionbenefits，OnethinglS  
C）ear・Thatis，MAFR works as employment Creation，particularly for elder workers，and  
COntributestotheimprovcmentor占conomicconditionsofthclocalcommunity・Accordingtothe  
VillageheadmanorthevillageorAshiyasu，about40tolOOperSOnSareemPloyedinrestoration  
WOrksorMAFRanderosioncontrolinYPF，Whcrethevi11age，s［otallabourforceisabout400  
PerSOnS・  

Grantedthattheredistributionbenefitsareimportantfactorsinthecost－benefitanalysISOf  
MAFR，aqueStion naturallyoccurswhetherornotcurrentemploymentPatternarethebest  
patternin achievlng thc redi5tribution o切ective，  
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3 RELATIONSHIPS BETWEEN DEVELOPMENT  

AND PARK SCHEMES  

lnthissectionwe）iketoreviewthehistoryorforestutilizationinYPFanditsrelationships  
withtheparkschemeforMinamiAlpsNationalPark・rrhoughthehistryofforestutilizationin  
YPFgocswellbacktothcTokugawaperiodwherewoodsfromtheareawcrcusedtobulidEdo  
Castle・itwasaftertheconstructionofNFRwhentheregularwoodproductionhadtakcnplace・  

Fig・8showstheresultsorthree－dimcnsionalstudyortheaerialphotographstakenin1947  
and1956byaninterpreter us）nga StereOSCOPe，Where theinterpretationwasdone by the  
speciali5tin Nakanihon Air Service Company contracted by Lhe NationalInstitute for  
EnvironmnetalStudiesLlndrawlngFig・8，WeuSed as thebasc mapthemapcompiled by  
GeographicalSurveyInstitute，MinistryofConstruction・Figureshowthespatialvariationor  
specialdenudedlands，Ordinarydenudedlands，fel）ingareaswithp）antlng，andfellingareas  
withoutplant．ng・Figurealsoshowstherjversandthedesignatedclassorparkscheme・Frorrlthis  
figure，Weknowthatthcareahasalotordenudedlands，andwoodproductionwasdonealongthe  
lower part ofthe Norogawa river・   

Fig．9showsthestateofYPFinthcycar1980justaLtcrthecompletiol－OfMAFRIIn  
comparlngFig・8and9weknowthatthevariouskindsofforest－relatedactivitieshadtakenplace  
duringthctimeperiodor1956and1980・Theareaofwoodproductionhasexpandedgreatly，  
mos11yalongtheMAFR・Alargenumberoferosioncontroldamshavebeenconstructcd・Several  
hydroelectric plants were constructcd・   

Asto the relatiorlShips with the designated cIass ofpark schemes，We maynOtice thc  
bllowingdistinctivefeatures＝1）theareadesignatedasthcSpccialProtctionAreaismostly  
charactcrizedasthespecialdenudedlands，Whereanykindorforestryactivitiesincludingerosion  
controlareconsideredtobetechologicallyimpossible；2）woodproductionsweredoneinthose  
areasdesignatedasClassⅢspecialArea；3）erosioncontrolactiviteswereunderstandablydone  
inthoseareasbelowthedenudedlandsandnearsuchfaci】itiesasforestroadsandhydroelectric  
dams；4）thchigherclasszonedesignationisgiventothoseareasusedasmountainroads，eVenif  
theY are a什ecLed by wood production・   

Fromthiscomparison，aqueStionnaturallyoccurs＞basedonthedi5CuSSions，eSpeCiallyof  
section2・4and2・5・Though the current park schemes ref）ects thc existed or plarlned  
developmentactivitiesintheyearornationalparkdesignation，isthecurrentparkschemea  
desirablescheme丘omtheviewpolntOfincrea51ngPeOple，ssatisfactionwithutilizlngthenatural  
environmnctorMinamiAIpsNationalParkaswellasofimprovlngtheeconomicconditionsof  
localcommunities？Thisis considered to bc a representative question which the current  
Japane5？nationalparksystemastheareadesignationsystemfaces・Thus，Ourmainfuturetaskis  
toinvcstlgatethefo11owingqucstions＝1）Doesthcvaluc（people’swil）ingnesstopayforutilization  
and／orconservation）ofnationalparkincrease 

， 

arcimprovedbyenhanclngtheaforementionedvalueofthenationalpark？  

4 CONCLUSION  

lnthischapter，OnerePreSentativedisputecaseornatureconservationvsdevelopmentis  
analyzed，Whercthecaseistheconstructionoralarge．scaleforestroadcalledMAFRinMirlami  
AlpsNationalPark・Thefourmainconclusionsareasfollows：1）theeconomicanalysisorthecase  
supports，based on the availabelc data on the net rcvcnuc ofdeve）opment｝the Nature  
ConservaLionCourlCil，soplniononthecoIIStruCtionofMAFRsayingthatirtheconstructionplan  
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OrMAFRhadbeenpre5entednotlOyearsagobutin1978，itwouldnotbeapproved・Thoughthe  
CouncilconsideredalltheeffectsortheconstructionorMAFRincludingtheintangib】eefrects  
suchasenvironmentaldamagcs，Ouranalysisconsidercdthe［angibleeconornice什ectsonly，2）  
SincethedevelopmnetprqJeCtSSUChasMAFRgeneratesvariouseffectssuchaserosioncontroll  
recrcation，arldwoodproduction，thecomprehensiveeconomicevaluationortheprQ］eCtrequlreS  
toestimatethcdemaI－dhnctionsLcrrthesee汀ects．3）Apreliminarycost－benefitanalysi50rNFR  
andMAFRmakesclearthtatheratioofthemaintenanccandrcstorationcoststotheconstruction  
costishigherinMAFRthaninNFRandimpliesthattheeconomicviabilityofMAFRdepends  
onwhetherthe］argcrestorationcostsorMAFRyieldedintheyear19820CCurSfrequcntlyor  
seldomoccurs・4）ThethreeLdimensionalstudyortheaerialphotopraphstakeninyearsbebrethe  
construCtionorNFRandinayearaLtertheconstructionorMAFRpresentsafuturerescarch  
therneconcernlngtheparkschemeorMinamiAIpsNationalPark；Isthecurrentparkschemea  
desirableonen．omtheviewpolntOfincreaslngnationalwelfareaswellasorimprovlngreglOnal  
Welfare orthe surrounding reg10n．  
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Chapter 10 

Editor〉s Concluding Remarks   

Fromaneconomist’spo）ntOfvicw，prOblemorenvironmenta】conservationisrecognizedas  
follows＝Theenvironmentisoneorscarceresourceswhichmustbeutilizedt。C。nf。rmt。the  

O句cctive oroursocietY，thatis，tO enhance peopIc’s welLare・As］ong as three typcs or  
environmentaIrcsourccssuppliedbytlleenVironmcntarescarceresources，man，sutilizationor  
environmentalresourccsmustbeecor10mized，WhereancvaluatiorlCriterionisrclatedtopcople，s  
Wellare・Di爪cultylnCCOnOmizlngtheuscortheenvironmentliesintheracLthatitisdi汀icultLo  

SeParatethreetypesorellVironmentalresourcesintodi汀crcntcommoditics・Inotherwords，itis  

difriculttoutilizeonctypeorenvironmcntalre50urCeSWithouりCOpardizingthcuseorthcother  
typesoElenvironmentalresources・ThusiflwewanLtornaintainLhcstateortheeIIVironmentat  

CCrtainstate，WeneCdtounderstandtheinterrelationshipsbetweenthestateorthecnvironment  

andman’sutilizationorenvironmentalresources・BasedonLhisunderstanding）WemayPrOCeed  
todeviscaneconomicallyc什icient，enVironmentallysound，andsociallyacceptablemeasuresfor  
environmenLalconseIVation．  

Althoughtheargurncntsinthisreportappeartobefragmentaryinthetopicsdiscusscd，eaCh  
Cl－aPterha5triedl）LoclariqTaneCOnOmicmechanismthroughwhichpeopIcutilizeorconserve  
theenvironment，and2）topracticetheana）yticalmethodo］ogiestotacklceconomicaspect50f  
cnvironmenta】conservation．   

Anybdy who once studied the economic aspccts of environmental conservation may 
rememberhowamanagemen（authoritylnChargeorcnvironmentalconservationisgolngtO  
determ 

． 

environmentalQsoas to maximize the nct socialbenefit orerlvironmentalquality   

NSB（α，β）＝聖XjB（Q；αトC（Q；α，β）l  （1）  

WhereB（Q；α）isthesocialbenentorenvironmentalquality，forgivenframeofsocio－CCOnOic  
SyStemSrCPreSentedbyparameter a suchasthescaleandcompositionofwastegcneratlng  

activities・C（Q；a，β）istheconservationcostofenvironmentalquality，forgivenLrameor  
SOCio－eCOr10micsystema，glVenrangCOt－waste－treatrnCntthchnolog．esrepresentedbyparameter  
β・In order to sirnpl坤the argugents，We may Write the socialbeneLit function as   

B（Q；α）仝B（α卜D（Q；α，∂）  （2）  

WhereB（α）isthegrosssocialbenefitorthegivcnfmmeofsocio－CCOnOmicsystems，andD（Q；a，  
8）representstheeconomicvaluationofcnvironmentaldamagesonthesocio－eCOnOmicsy5temS  
LorgivenrangeordamagepreventiontechnologleSrePreSentedbyparamcter8・1ntermsofthrce  
typesorcnvironmentalresourceutilization，D（）corresponds toapartorthecost，Whichis  

affectedbyQ，Oftheutilizationortypelandtype2rcsources，andC（）tothecostprthc  
utilizationoftype3resourccs・Asthecnvironentalqualitydeteriora［es（Qbecomessmal））〉  

gencrallyspeaking，thequantltyaSWCllasqua）1tyOrSuChenvironmentalresourcesaswaterlor  

municlpalwater supply and recreationalattractiveness or the siteis）eOPardized，and，  

COn予equentlY，D（）inceaSeS，Ceterisparibus，aSQbecomessmau・Ontheotherhand，aSthe  
CnてIr？nmCntalqualitylSallowedtodeteriorateforgivenvaluesofαandβ，thenthecostor  
utIllZlngtheりsinkMabi）ityorthecnvironmcnt，Or，thecostofresidualstreatmentdecreases・Thus，  
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C（）decreases，Ceteris paribus，aS Qbecoh－CS Small．  
Fig・ldescribesanillustrativecaseofB（），C（Q；a，P）andD（Q；α，8）curves，Where  

CurVeis［hesumorC（）andD（）curves・Fig・2describesthenetbenefitfunction，B（）－D（），and  
thecostorresidualstrea［mentfunction，C（），Inthisreportwehavenotdealtwiththecascof  
toxicsubstancesorofglobalenvironmentalpollution，inthatthenctbenefitorenvironmental  
qualitymaynottakeチPOSitivevalueatQ＝0・Theoptimurnenvironmentalqualityis  
determinedsoastominlmlZCthesumordamageandtreatmentcostsinFig・1，andsoasto  
maximizethedifrerencebetweenthenetbcIlefitandthetreatmentcostinFig・2・Jncasethata  
desiredenvironmentalqualityispredetermincdinsuchawaythatD＝isassumedtotakezero  
Value，thetaskormanagementauthorityissimplificdtodeterminctheminimumcost（C）wayor  
treatmcnisystem・This si［uationis shownin F料3．  

Weproceedtosummarizewhatwelearnfromeachchapterbascdonthesethrcefigures・  
Chapter2isesscntiallvtheapplicationorFig・3totheprob】cmoflakewaterqualitymanagemcnL  
Chapter5isdevotedtotheproblemorestimatlngadamageLunctioninFig・l・Herewelearnthat  
WeCannOtdisregardinesLimatingdamagefunctionD（Q；a，8）aninterrelationshipaOg  
WaterqualityQandparametersaand∂，WherepaameterSaand8representcharacterlStlC5  
0rreCePtOraCtivities（aquaculture）suchasproductlOnmOdc（a）a・・du5e／nor・－USeOfdamage  
PreVention devices（8）．   

In）00kingatchapter2andchapter51CSPeCially Fig・11inchapter2and Fig▲6inchapter  
5，WealsolearnlhatitisnotsocassytoapplyFig・linrealscttlng・Fotthevariablesindamage  
functionmaynotbethesamevariablesintreatmen－costfunctjor）・EvenjrwarerquaJjtyvariabJes  
arethesameintwofunctions，Weneedsomeevaluationcriteriontochooseaspccificdistribution  
OVCr SPaCe OrWater quality and damage cost・   

Chapter3，Chapter4andchapter6reportthcappllCationstudicsorFig▲2，Whercchapter3  
dealswiththeproblemortreatmentp）antsitJnganda5SumeSar．etbcncf；tfuJICfjonin Fjg・2to  
bealinearfunctionorwaterquality・Chapter4dealswiLh［heproblemoftheoptlmumWater  
・qualitymonitorlngSyStCm，Wherethenetbcnefitfhnctionand themarglnalcostfunctionor  
WaSteWatertreatmentinFig・1inchapter4aredrawnastheLunctionofthedeteriorationorwater  
quality（JQ）′Chap†er6doe5nO（deaJwiIhenviromeT）！alqualifyjtse】Hnsread，thehorjzDntaJ  
axisrepresentsthestateorfisheryresourcestockscharacterizedbyprey－Predatorrelationships・A  
bene爪tIunctioni5reVenueOffishcatchandacosLfunctionisCOStOrLishcach・Thischapteris  
hoped to play a role orprelude to anintegrative treatment orresource and environmental  
COl】5ErVatlCln．   

Inchapter7through9，WeSaWratherdifferentaspectsofenvironmentalproblems，Herewe  
SaW the problem dealing with an adequacy orexistlnglnStitutionalframeworkin nature  
preservation・The main differcncc between thecaseornationaIparkrcglOnSandtheca5eOf－  

aquatjcenvjronment5】jesin止eぬctthatjn止eformerca5C】andowner5hjpsarec】ear】）rdeJ；ned，  

Whileirlthclatteritisdifriculttodefinesucharight・Espccially，intheformercascconservation  
goalaswelIasmeasuresisclearlydcfiendandhavethe）onghistorylnOperationasexplainedin  
Chaptcr7，Whilcinthelattercaseconserbationgoalaswellasmeasurcsisdifriculttodetermine  

andtoenわrcedue10thevarjab班Iyorenvjronmeれta】mediaa5We‖a5tlle】ackorc】ear】yde玩1Cd  
propertyship■NeverthlcssFig・2stillappliestochapter9，Wherethehorizontalaxisrepresentsthe  
scale of development in national park areas. 

Chapter8deals with the problem or consumer preferences or demandIor naturc  
cor15erl7ation，akindorpub】jcgod▲Tbjschaprerp】ay5arO】eorpre】udeわe5tjma上川gとkne亡  
benefitfunctionofnature conservation・Ourinterestin chapter8was toclar坤underwhat  
Situationanindividualpersondonateatldwhatractorsinnuencehimtodonatethemoneyfor  
NaLionalTrust movcmen［・Here welcarn thaL donors to a representative NationalTrust  
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Fig・】DcterminalionoroptlmumenVironmen（alquali（yastheminimizationor  
the sum ortreatment co引［and dama酢COS【  

Nt！t B引1efit  

Cost  

0  0  0  

Fig・2 DeterminationoftheoptlmumenVironrnentalqualityasthemaximun川e（  
socialbcne仁一  

Fig▲3 De（errnina（ion or the minimum cos（treatmen（SγS【em glVen an  
ehVironmentalquaIlty5tandard  
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movementinJapanshowbytheirownfootthatNationaJTrustmovementisworththecos亡Or  
donation・OneortheremainlngtaSksinthctheoreticalaspectsorthisproblemistorclateour  
ana】ysistotheexjslingbodyo［reJatedJiteraturcssuchasmedianvotcrs7demandanalysis（Decon  
and Shapiro，1975）・  

FiIlally，theeditorofthereportgratehl11yacknowIcdgesthecorlStruCtiveaswella5thoughtLul  
commentsgivenbytherefereesofthceditorialboardofNIES（theusuaLdisclaimersappLy），and  
wishestoexpresshisthankstoMs，S，Tarnuraforherdrawlngmanyrnanyfiguresusedinthis  
repor（・  
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人間による環境資源利用の経済分析  
一水環境と国立公園地域を対象にして一  

北畠 能房l（編）  

本報告番に収録された研究は過去10年間にわたって当研究所総合解析部でなされた一連の経  

常研究．及び特別研究「陸水城の富栄養化に関する総合研究」（昭和52－54年度），「陸水域の富  

栄養化防止に関する総合研究」（昭和55－57年度）でなされた諸研究のうち，環境資源利用の経  

済分析に係る研究成果を選択的にとりまとめたものである。   

自然環境を機能的に捉えれば，環境は1）廃物の拡散・貯留・同化 2）経済活動に必要な  

原材料の供給，3）人間生存の支援サービスの提供．4）アメニティー・サービスの掟軋 と  

いった人間にとって有用なサービスを提供している。しかも，これらのサービスが利用できな  

いときは，エネルギー資源といった他の資源に依存せねばならないか，ないしは人間の生存自  

体が危うくなりかねか－．という意味で環境サービスは人間にとって有用な資源の一つである。  

しかし，個々の環境サービス利用間に相互作用のありうることと，個々の環境サービス利用が  

公共財的性格を強くもつために適正な価値づけのもとで個々の利用の無駄を排除するといった  

ことがしにくく，そのために個々の環境サービス利用を放任しておくと，総体としての環境資  

源の量的・質的低下をきたしかねない。したがって，個々の環境サービス利用の特性を把握す  

ると共に，絶体としての環境資源の質の維持ないし向上をはかるために効果的な公共関与策の  

在り方をさぐることは，年毎船地球号のさきゆきが不透明になっている現在，ぜひとも必要な  

ことと考えられる。   

上の観点で研究を進めるに当たって様々なアプローチが考えられるが，ここではシステム分  

析の考えに倣って，1）稜々の機能を持つ環境に対する人々のニーズの把握，2）こ－ズに基  

づいて環境資源の管理目標及び管理主体を同定する，3）個々の環境サービス利用の特性を解  

明するとともに，それをふまえて管理目標を達成するための効果的な手段の同定をはかる，4）  

目標一手段関係の妥当性をチェックする，という四つのステップで環境資源管理にアプローチ  

することを考えた。   

本報告書の第Ⅰ部では水環境を対象とし，第二部では国立公園地域の森林環境を対象として，  

上述した四つの研究ステップのいずれかの問題を個別に取り扱うことを試みた。主たる事例と  

して水環境と国立公園地域を取り上げたのは，各種の環境資源を所有権設定の有無，資源利用  

の地域的広がりという2軸で分類した場合に特徴的な事例と考えられるからである。   

本報告番の要約であるが，第Ⅰ部は五つの孝（2章一6車）から成っている。まず第2車（地  

域水環境管理モデルの分析例：北畠能房，宮崎息国，中杉鰭身）において，水質の環境基準及  

び地域の経済フレームが与えられたときに，排水処理に要する総費用が最／」、になるという意味  

で，最も効率的な処理体系及び総費用の公平な費用負担方式を求めるという，水環境管理の分  

1．国立公害研究所 総合解析部 〒305茨城県筑波郡谷田郡町小野川16番2  
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野における伝統的な問題を取り扱う。この種の問題は，通常，数理計画問題として定式化され  

るものであるが，ここでは，経済理論的背景をふまえて間遠の定式化を行うとともに，霞ヶ浦  

高浜入水系を対象として，数値計算を行った。   

第2章において所与条件として仮定されているものを緩めていくのが，以下の三つの車であ  

る。まず，第3車（連続空間上での下水処理場の立地分析；北畠能房，宮崎忠国）は，“二つ  

の公共処理場の立地点は所与”という仮定を緩めるものである。特にこの事は．水環境として  

河川をとり，沿岸の人口分布や河川の自浄能力のばらつき，それに，下水処理の費用効果比率  

によって，下水処理場の最適致や立地点がどのように変化するかを，理論軋 実証面から解析  

したものである。   

第2章で暗黙のうちに仮定されているのに，“所与の確定的な環境基準”がある。第4章（水  

質モニタリング・システムの経済分析；於尉 譲，内藤正明）は，これに関して，水質測定に  

伴う不確実性に関する問題を扱う。水質測定の精度はモニタリング点を増やせば増やすほど高  

くなりうるが，一方，そのために支払う費用も高くなる。そこで，ここでは，水質測定の精度  

を向上さすことによる便益と，水質測定の精度を向上さすことの費用とのからみで，費用効果  

の観点からみて最も効率的なモニタリング方式を求めるという問題を定式化するとともに，  

霞ヶ浦について試算を行った。   

第2章で求めた効率的な廃水処理体系は，外生的に与えられた環境基準の関数であった。そ  

れでは，環境基準の望ましい水準はどのように求められるのであろうか。環境経済の分野にお  

ける一つの典型的な考えは，各環境水準のもとで生ずる環境被害額と，その水準に保持するの  

に必要な廃水処理費用の和が最小になるような水準を望ましいとするものである。ところが，  

この考え方の難点は，廃水処理費用に比べて環境被害額の定量化が難しいことにある。こうし  

た背景をふまえて，水質汚濁が生産活動に及ぼす被害関数計測の理論と，霞ヶ浦における養殖  

業を例としての試算結果を報告するのが，第5革（生産活動に与える富栄養化影響の経済的評  

価；北畠能房）である。   

窮6章（捕食・被食関係をもつ漁業資源利用の経済分析：霞ヶ浦漁業を例として；北畠能房）  

は環境経済学と資源経済学の接点になりうる一つの問題を扱っている。本研究所で過去10年に  

わたって行われた霞ヶ浦に係る特別研究や茨城県内水面水産試験場での長年の研究において，  

徐々に明らかになってきたように，水環境中の生物．捌こ魚類と水質とは，魚類による底泥か  

らの栄養塩の摂取と水中への尿の排せつという行為や，食物連鎖の過程等を通じて，密掛こ関  

係しあっている。それゆえ，水質をある水準に保持するという管理員標は，漁民による漁業資  

源の利用という経済行為と無関係とはいえない。こうした視点にたって第6章は，霞ヶ浦漁業  

を対象として．漁民による漁業資源の利用行動の解明を理論軋実証面から行ったものである。   

このように，第1部は前述したシステム分析の四つのステップのうち，主として第3ステッ  

プにかかわる問題を放っている。 う   

第］部は三つの車（7－9車）から成っている。まず，第7章（届立公園地域の社会・経済  

分析＝西岡秀三）では我が国の国立公園制度（システム分析の第1，第2，第3ステップ）の  

概要紹介がなされるとともに，特にシステム分析の第2ステップに関して，国立公園で規定さ  

れる自然環境資源の管理目標を，管理主体の一翼を担う（国立公園に関係する）市町村の経営  
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基盤の全国的状況把握と分析結果を報告している。   

自然保護に対する人々のニーズの把握（システム分析の第1ステップ）に関しては，本  

研究所研究報告第90号が詳細に報告しているが，第8章（自然保護に係る需要行動の経済  

分析：北畠能房，西岡秀三）は，ナショナルトラスト運動への拠金の経済合理性という問  

題を理論面，実証面から分析したものである。   

第9章（南アルブス国立公園における大規模多目的林道の経済分析：北畠能房）は，第3ス  

テップ及び第4ステップの例として，国立公園区域での林道建設を対象として，林道建設の事  

後的な費用便益分析を試みるとともに，過疎問題と国立公園制度とのかかわりについても若干  

の考察を試みている。   

最後の10章（編者のまとめ：北畠能房）は，主として経済学的視点から，各章の内容をとり  

まとめたものである。  
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第33号 臨海地域の気象特性と大気拡散現象の研究一大気運動と大気拡散過程のシミュレーン≡，ン  

ー昭和55年度 特別研究報告．（1g82）  

粁第別号 環境汚染の遠隔計測・評価手法の開発に関する研究－一昭和55年皮 特別研究報告．（1982）   

第35号 虜墳面よりみた地域交通体系の評価に関する総合解析研免（1982）   

茶器号 環境試料による汚染の長期モニタリング手法に関する研究一昭和55，56年皮 特別研究報告．  

（i982）   

第37号 環境施策のシステム分析支援技術の開発に関する研究，（1982）   

第38号 Preparation，analysisandcertincationofPONDSEDIMENTceTtifledreferencematcrial．（1982）  

（環境標準試料「池底質」の調製」分析及び保証値）  

※弟39号 環境汚染の遠隔計測t評価手法の開発に関する研究一昭和56年度 特別研究報告．（1982）  

‾× 】   



第40号 大気汚染物質の単一及び複合汚染の生体に対する影響に関する実験的研究－昭和56年度 特  

別研究報告．（1983）  

※第41号 土壌環境の遠隔計測と評価に関する統計学的研究．（1983）  

音節42号 底泥の物性及び流送特性に関する実験的研究．（19幻）  

※第43号 studiesonchironomidmidgesoftheTamaRiver．（1983）  

Part5．AnobservationonthedistributionofChironominaealongthe】¶ainstreaminJunewith  

desc【1ptioT】Or15newspecies・  

Part6．Descriptionofspeciesofthesubfami1yOrthocladiinaeTeCOVeredfromthemainstream  

intheJ11neSurVey．  

Part7．Additionalspeciescollectedinwinterfromthemainstream．  

（多摩川に発生するユスリカ頬の研究  

一第5報 本流に発生するユスリカ類の分布に関する6月の調査成績とユスリカ亜科に属す  

る15新種等の記揖∵－  

－第6報 多摩本流より6月に採集されたエリユスリカ亜科の各種について－  

一策7報 多摩本流より3月に採集されたユスリカ科の各種について－）   

第44号 スモッグチャンパーによる炭化水素一窒素酸化物系光化学反応の研究．一環墳大気中におけ  

る光化学二次汚染物質生成機構の研究（フィールド研究2）一昭和54年度 特別研究中報告．  

（1983）   

第45号 有機廃棄軌合成有機化合物，重金属等の土壌生態系に及ぼす影響と浄化に関する研究一一昭  

和53年／55年匿 特別研究報告．（1983）   

弟46号 有機廃棄軌 合成有機化合物，雷金属等の土壌生態系に及ぼす影響と浄化に関する研究｝昭  

和54／55年度 特別研究報告 第1分冊．（1983）   

第47号 有機廃棄物，合成有機化合物，重金属等の土壌生態系に及ばす影響と浄化に関する研究一昭  

和54／55年皮 特別研究報告 第2分冊，（1983）  

散策嶋号 水質観測点の適正配直に関するシステム解析．（1983）   

第49号 環境汚染の遠隔計測・評価手法の開発に関する研究一昭和57年度 特別研究報告．（1984）  

※第50号 陸水域の富栄養化防止に関する総合研究（Ⅰ）一霞ヶ浦の流入負荷孟の算定と評価一昭和  

55－57年度 特別研究報告．（1984）  

※声51号 陸水域の富栄遷化防止に関する総合研究用）一霞ケ浦の湖内物質循環とそれを支配する因  

子一昭和55－57年匿 特別研究報告．（1984）  

※第52号 陸水域の富栄養化防止に関する総合研究（Ⅲ）一環ケ浦高浜入における隔離水界を利用した  

富栄養化防止手法の研究－昭和55～57年度 特別研究報告．（1∈削）   

第53号 陸水域の富栄養化防止に関する総合研究（Ⅳ）一霞ケ浦の魚類及び甲殻類現存丘の季節変化  

と富栄養化一昭和55－57年皮 特別研究報告．（1984）   

第洪号 陸水域の竃栄養化防止に関する総合研究（Ⅴ）一霞ケ浦の富栄養化現象のモデル化一昭和  

55－57年皮 特別研究報告，（1984）   

第55号 陸水域の富栄養化防止に関する総合研究（Ⅵ）一富栄養化防止対策一昭和55－57年度 特  

別研究報告．（1984）   

第56号 陸水域の富栄養化防止に関する総合研究（Ⅶ）一毅ノ湖における富栄養化とその防止対策一  

昭軸55－57年皮 特別研究報告．（1984）  

※第57号 陸水域の高架違イヒ防止に関する総合研究（Ⅶ）一組括報告一昭和55－57年度 特別研究報  

告．（11廻4）   

第馳号 環境試料による汚染の長期的モニタリング手法に関する研究－一昭和55－57年度 特別研究総  

合報告．（1984）   



第盟号 炭化水素窒素酸化物一硫黄酸化物系光化学反応の研究一光化学スモッグチャンパーによる  
オゾン生成機構の研究一大気中における有機化合物の光酸化反応機構の研究一昭和55～57  

年虔 特別研究報告（第1分冊）．（1∈B4）   

第60号 炭化水素一望葉酸化物一硫黄酸化物系光化学反応の研究一光化学エアロゾル生成機構の研究  

一昭和55～57年皮 特別研究報告（第2分冊）．（1∈84）   

第61号 炭化水素窒素酸化物一硫黄酸化物系光化学反応の研究一＋環境大気中における光化学二次汚  

染物質生成機構の研究（フィールド研究1）一昭和55－57年度 特別研究報告（第3分冊）．  

（19朗）   

第62号 有害汚染物質による水界生態系のかく乱と回復過程に関する研究一昭和56～58年度 特別研  

究中間報告．（1984）  

※第63号 海域における富栄養化と赤潮の発生機構に関する基礎的研究一昭和56年皮 特別研究報告．  

（1984）  

※第朗号 複合大気汚染の植物影響に関する研究一昭和54～56年度 特別研究盤台報告（1984）   

第65号 StudiesoneffectsofairpollutantmixturesonplantsPartl，（1984）  

（複合大気汚染の植物に及ばす影響一策1分冊）  

散第66号 Stlldiesoneffectsofairpollutantmixturesonplants－Part2．（1984）  

（複合大気汚染の植物に及ぼす影響一第2分冊）   

第67号 環境中の有害物質による人の慢性影響に関する基礎的研究一柳□54－56年度 特別研究総合  

報告．（1984）  

昔第68号 汚泥の土壌還元とその環境に関する研究昭和56－5咋度 特別研究総合報告．（1肇4）  

草第69号 中禅寺湖の富栄養化現象に関する基礎的研究．（】舗4）   

第70号 StudiesonchironomidmidgesinlakesoftheNikkoNationalPark（1984）  

Partl・EcologlCalstudiesonchironomidsinlakesoftheNikkoNationalParkL  

Partn．TaxonomicalandmophologlCalstudiesor．thechironomidspeciescollectedfromlakes  

htheNikkoNationalPark．  

（日光国立公園の湖沼のユスIjカに関する研究  

【第1部 日光国立公園の湖のユスリカの生態学的研究一  

一策2部 日光国立公園の湖沼に生息するユスリカ類の分類学的，形態学的研究一  

索第71号リモートセンシソグによる残雪及び雪田植生の分布解析．（19糾）   

第72号 炭化水素1窒素酸化物一硫黄酸化物系光化学反応の研究．環境大気中における光化学二次汚染  

物質生成機構の研究（フィールド研究2）一昭和55～57年度 特別研究報告（第4分冊），  

（1985）  

粟第73号 炭化水素一室葉酸化物一硫黄酸化物系光化学反応の研究．一昭和55→57年度 特別研究総合  

報告．（1985）  

※第74号 都市域及びその周辺の自然環境等に係る環境指標の開発に関する研究．環境指標一その考え  

方と作成方法一昭和59年度 特別研究報告．（1985）   

弟75号 LimnologicalandenvironmentalstudiesofelementsinthesedimentofLakeJ］iwa・（1985）  

（琵琶湖底泥中の元素に関する陸水学及び環境化学的研究）   

第76号 AStudyonthet）ehaviorofmonoteIPenSintheatmospheIe・（1985）  

（大気中モノテルペンの挙動に関する研究）   

第77号 環境汚染の遠隔計測・評価手法の開発に関する研究一昭和58年度 特別研究報告・（1985）   

第78号 生活環境保全に果たす生活者の役割の解明．（1985）   

第79号 StudiesonthemethodforlongteImeれVironmentalmonitoring－Researchrepoftin1980－  

1982．（1985）  

（環境汚染による汚染の長期的モニタリング手法に関する研究）  
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第80号 海域における赤潮発生のモデル化に関する研究一昭和57－58年度 特別研究報告．（1985）  

第81号 環境影蓉評価制度の政策効果に関する研究一地方公共団体の制度運用を中心として．  

（1985）  

第82号 植物の大気環境浄化機能に関する研究一昭和57～58年度 特別研究報告．（1985）  

第83号 StudiesonchiIOnOmユdmidgesofsomelakesinJapaJl．（1985）  

（日本の湖沼のユスリカの研究）  

第別号 重金属環境汚染による健康影響評価手法の開発に関する研究一昭和57～59年度 特別研究船  

合報告．（1985）  

第85号 StudiesontheIate COnStantS Offreeradicalreactionsandrelatedspectroscopicandthe【mO  

chemicaIparameteIS．（1985）  

（フリーラジカルの反応速度と分光学的及び熱力学的パラメーターに関する研究）  

第86号 GC／MSスペクトルの検索システムに関する研究．（1986）  

第87号 光化学二次汚染物質の分析とその細胞毒性に関する基礎的研究一昭和53～58年度総合報告．  

（1986）  

第88号 都市域及びその周辺の自然環境等に係る環境指標の開発に関する研究Ⅱ・瑠増紺引戻‾」応用例  

とシステム．（1986）  

第89号 MeasuringthewaterqualltyOfLakeKasumlgauraby LANDSAT remotesensing・（1986）  

（LANDSATリモpトセンシングによる霞ケ浦の水質計測）  

第90号 ナショナルトラスト運動にみる自然保護にむけての住民意識と行動一知床国立公園内100平  

方メートル運動と天神崎市民地主運動への参加者の分析を中心として．（1986）  

第91号 Economicanalysesofman，sutillZationofenvlrOnmentalresourcesinaquaticenvironmentsand  

nationalpaTkregions．（1986）  

（人間による環境資萌挿■」用の経済分析一水環境と国立公園地域を対象にして）  

※ 残部なし   
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Report of Speci81Rese且1Ch Projectthe N8tion811nstitute for EnvironmentAIStudies   

No，1＊Man activlty and aqualic enYironmentWith specialreferences to Lake KasumlgaUra－Progress  

JepOrtin1976．（1977）   

No．2■Studies onevaluation and amelioration ofaiIpOllution by plants－Progressreportin1976－1977．  

（1978）   

【StartingwithReportNo．3，thenewtitleforNTESReportswaschangedto：］   

Rese＆rCh Report from the NationalInstitute for EnYironmentalSttldies  

莱No，3 ＾compaIativestudyofadultsandimmaturestagesofnineJapanesespeciesofthegenus（鋸roT70muS  

（DipteIa，Chiromomidae）▲（1978）   

No．4＊SmogchamberstudiesonphotochemicalIeaCtionsofhydrocarbon－nit‡ogenoxidessysteTTl－Progress  

repoIth1977．（1978）   

No．5＊Studies orL the photooxidation pTOducts ofthe alkylbenzene・nitrogenoxidessystem，and on their  

effectsonCulturedCells－Researchreportin197（i－1977．（1978）   

No．6＋Man activity and aquatic environmentWith specialreferences to Lake Kasumlgaura－PTOgreSS  

reportin1977－1978．（1979）  

※No．7 AmorphoIogicalstudyofadultsandimmaturestagesof20JapanesespeciesofthefamilyChirono－  

midae（Diptera），（1979）  

※No．8＊StudiesonthebiologicaleffectsofsingleandcombinedexposureofailpOllutantsResearchTepOrt  

in1977－1978．（1979）   

No．9■Smogchamberstudiesonphotochemicalreactionsofhydrocarbon－nitrogenoxidessystemProgTeSS  

reportin1978．（1979）   

No．10＋Studieson evaluation and amelioTation ofair pollution by plants－Progressreportin1976・1978・  

（1979）  

※No．11Studiesor）theeffectsofairpollutantsonplantsandmechanismsofphyto10Xicity・（1980）   

No．12 Multielement analysisstudies by flame andinductively coupled plasmaspectroscopyutilizingcom・  

puter・COntrOlledinstrumentation▲（1980）   

No，13 StudiesonchironomidmidgesoftheTamaRiveE．（1980）  

Partl．The distribution ofchironomid speciesin atributaryinrelationtothedegTeeOfpollution  

Withsewagewatel．  

Part2・Descriptionof20speciesofChironominaerecoveredfromatributary・   

No．14＋Studiesontheeffectsoforganic☆astesonthesoilecosystemrPTOgreSSrepOrtin1978・1979・（1980）  

※No，15＊Studiesonthebiologicaleffectsofsingleandcombinedexposureofairpollutants－ResearchrepoTt  

in1977－1978．（19＆0）   

No，16＋Remotemeasurementofai工pOllutionbyamobilelaseTTadaT，（1980）  

撞No．17－InfluenceofbuoyancyonfluidmotionsandtranspoTtPrOCeSSeS－MeteorologicalchaTaCteristicsand  

atmosphericdiffusionphenomenainthecoasta）region－Progressreportin1978－1979・（1980）   

No．18 Preparation，analysisandcertificationofPEPPERBUSHstandardrefeTenCematerial■（1980）  

粁No．19■CompTehensiYe Studieson theeutrophicationorfresh－WaterareaS－LakecurrentofIくasumigaura  

（NishiuIa）－1978－1979．（1981）   

No．20＋ComprehensivestudiesonthceutlOphicationoffresh・WaterareaS－Geomorphologicalandhydrome－  

teorologicalcharacteristicsofKasumlgauraWaterShedasrelatedtotheLlakeenviTOnment－1978－1979・  

（1981）  
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No・21＊ComprehensivestudiesOntheeutrophication offresh－WateraEeaS－Variationofpollutantloadby  

influentriverstoLakeKasumigaura－1978－1979．（1981）   

No・22＊Comprehensive studies on the eutrophication offresh－Water areaSStructureofecosystemand  

StandingcropsinLakeKasumigaura－1978－1979．（1981）   

No・23＋Comprehensive studiesontheeutrophication offresh－WateTareaS－ApplicabilltyOftrophicstate  

indicesrorlakes1978－1979，（1981）   

No・24＋Comprehensivestudiesontheeutrophicationoffresh・WaterareaS－Quantitativeanalysisofeutrophi－  

CationeffectsonmainutilizationoflakewatcrIeSOurCeS－1978・1979．（1981）   

No．25＊CompTehensive studies on the eutrophication offresh－WaterareaS－GlOWthcharacteristicsofBlue－  

GreenAlgae，坤croc）ノざr由一1978・1979．（1981）   

No・26＋Comprehensivestudiesontheeutrophication offresh－WaterareaS－Determinationofargalgrowth  

potentialbyalgalassayprocedure－1978－1979．（1981）   

No・27＊Comprehensivestudiesontheeutrophicationoffresh－WateraTeaSrSummaryofreseaTChes－1978－  

1979．（1981）   

No・28＊StudiesoneffectsorairpollutantmixturesonplantsProgTeSSrepOtin1979－1980．（1981）   

No．29 StudiesonchironomidmidgesoftheTamaRiver．（1981）  

Part3・SpeciesofthesubfamilyOrthocladiinaerecordedatthesummersurveyandtheiTdistribution  

inrelationtothepoll11tionwithsewagewaters．  

Palt4．Chironomidaerecordedatawintersurvey．  

点No・30＋Eutrophication and Ted tidesinthecoastalmarineenvironment－Progressreportin1979－1980，  

（1982）   

No・31＊StudiesoTlthebiologicaleffectsofsingleandcombinedexposuTeOfairpo11utantsLReseaTChreport  

in1980，（1981）   

No▲32＊SmogchamberstudiesonphotochemicalreactionsofhydTOCaTbon．nitrogenoxidessystemrProgress  

reportin1979ResearchonthephotochemicalsecondarypollutantsfoTmationmechanisminthe  

environmentalatmosphere（Partl）．（1982）   

No・33＊Meteorologicalcharacteristicsandatmosphericdi爪1Sionphenomenainthecoastalregion－Simulat－  

ionofatmosphericmotionsanddiffusionpTOCeSSeSProgTeSSrepOrtin1980．（1982）  

矩No▲34＊Thedeveloprnentandevaluationofremotemeasurementmethodsforenvironmentalpollution－Re－  

SearChreportin1980．（1982）   

No・35＊Comprehensiveevaluationofenvironmentalimpactsofroadandtraffic．（1982）   

No・36＊Studies on the methodforlongtermenvironmentalmonitoring－Progressreportin1980－1981．  

（1982）   

No・37傘StudyonsupportingtechnologyfoTSyStemSanalysisorenvironmentalpolicy－Theevaluationlabo－  

ratoryofMan・enVironmentSystens．（1982）   

NoL38 Preparatior），analysisandcertificationofPONDSEDIMENTcertifiedreferencematerial．（1982）  

※No・39＋ThedevelopmentandevaluationofremotemeasuTementmethodsforenYironmentalpollution－  

ResearchrepoTtin1981．（1S柑3）   

No▲40＊StudiesonthebiologicaleffectsofsingleandcombinedexposureofaiTpOllutants－Researchreport  

h1981．（1983）  

業No・41＊Statisticalstudiesonmethodsofmeasurementandevaluationofchemicalconditionofsoil．（1983）  

欒No・42＊ExperimentalstudiesonthephysicalpropeTtiesofmudandthecharacteristicsofmudtransportation・  

（1983）  

姓No・43 StudiesonchiTOnOmidmidgcsoftheTamaRiver．（1983）  
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Part5，Anobservationon thedistributionofChironominaealongtheTTlaillStrearninJune，Withdes・  

Criptionof15newspecies・  

Part6．DescriptlOnOfspeciesorthesubfamilyOrthocladiinaerecoveredfromthemainstreaminthe  

Junesurvey・  

Part7・Additionalspeciescollectedinwimterfromthemainstream・   

No．44＊Smogchamberstudiesonphotochemicalreactiomsofhydrocarbon－nitrogenoxidessystem－Progress  

repo∫tin1979－Researchonthephotochemicalsecondarypo11utantsformationmechanisTninthe  

environmentalatomosphere（Part2）．（1983）   

No．45＊Studiesontheeffectoforganicwastesonthesoilecosystem－OutllneSOrSpeCialresearchpTOject  

1978－1980．（1983）   

No，46＊Studiesontheeffectoforganicwastesonthesoilecosystem－Researchreportin1979－1980，Partl・  

（1983）   

No，47＊Studiesontheeffectororganicwastesonthesoilecosystem－Researchreportin1979－1980，Part2・  

（1983）  

璧No．48＊Studyonoptimala1locationofwaterqualltymOnitoringpoints・（1983）   

No．49＊The development and evaluation of remote measurement method ror environmentalpollution  

Researchreportiれ1982，（1984）  

※No．50＊ComprehensivestudiesontheeutrophicationcontTOIoffreshwatersEstimationofinputloadingof  

LakeKasumigaura．1980－1982▲（1984）  

蒼No．51♯ComprehensivestudiesontheeutrophicationcontroLorfreshwatersThetunctionoftheecosystem  

andtheimportanceofsedimentinnationalcycleinLake7（asumigaura▲－1980－1982・（1984）  

※No．52＊CompreherLSive studies on the eutTOPhicationcontrolofrreshwatersEnclosureexperimentsror  

restorationofhighlyeutrophicshallowLakeKas11migauIa▲－1980L1982．（1984）   

No，53＊Comprehensive studies on theeutrophication controloffreshwaters－Seasonalchangesofthebio－  
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