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Abstract

Theobjectivesofthisstudyareasfollows.(1)Usingacasestudyof

HokkaidoPrefectureinJapan,NationalAccountingMatrixincludingEn-

vironmentalAccounting(NAMEA)isappliedtoagriculturetounderstand

thestatusofitseconomy,itsmultifunctionality,anditsenvironmentalloads

onacommollframework.(2)Agriculturesustainabilityistheninclusively

measuredbytheecologicalfootprint.

TheNAMEAproposedinthisstudyisbasedontheJapaneseedition.It

canmeasureenvironmentalloadsandalsothemultifunctionalityofagricul-

ture.Italsoattachesanecologicalfootprint(EF)tomeasuresustainability.

1.1ntroduction

Agricultureandforestry(commonlyreferredtoasagriculture)provide

multifunctionalityaswellasfoodandenergycrops.Ontheotherhand,agri-

cultureactuallygeneratesenvironmentalloads.Whenconsideringagricu1-

turesustainability,thefollowingpointsmustbeconsidered:(1)economic
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growthevaluatedinmonetaryterms;(2)thepromotionofmultifunctionality;

and(3)thereductionof'environmentalloadevaluatedinphysicalterms.Itis

necessarytopresenttheminacommonframework.

Tounderstandthesethreefactorsinacommonframework,withsome

modification$,theNationalAccountingMatrixincludingEhvironmental

Accounts(NAMEA)canbeappliedtoagriculture.AndecQlogicalfootprint

(EF)contributestothemeasurementsofagriculturesustainability.Further-

more,asagricultureheavilydependsongeographicandclimaticconditions

ofaparticulararea,anagricultureanalysisshouldbeperformedatregional

levelS.

Theobjectivesofthisstudyareasfollows.(1)NAMEAisappliedto

agriculturetoUnderstandthestatusofitseconomy,itsmultifunctionality,

anditsenvironmentalloadsonacommonframeworkusingacasestudyof

且okkaidoPrefectureinJapan.(2)Agriculturesustainabilityistheninclusive-

lymeasuredbyEF.

2.AgriculturalNAMEAofHokkaidoPrefecture

2.1AgriculturalNAMEA

TheNAMEAproposedinthisstudyisbasedontheJapanesemodel(J-

NAMEA)proposedbyAriyoshiandMoriguchi(2003).Itscharacteristicsfol-

low:(1)ItcalculatessuchstockindexesasthecapitalformatioIIofeconomic

indexesandalsomeasuresthevolumeofforestsasenvironmentalindexes.

(2)Itincludesaccountsofnaturalresourcessuchasforestsandwaterand

alsoincorporatesnaturalresourcedepletion.(3)Itintroduceslanduse

accountsforagriculturallands,rivers,aquaticareas,andsoon,whichare

closelyrelatedtoenvironmentalissues.Inthisstudy,J-NAMEAisrevisedtQ

constructanagriculturalNAMEA.
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AgriculturalNAMEAisrevisedinthefollowiIlgpointsincomparison

withJ-NAMEA:(1)Itisbrokendownintoregionaleconomiclevelsfromits

originalnationaleconomiclevels.Sincesuchregionalfactorsasgeography

andclimateareheavilyrelatedtoagricultureproduction,itisimportantto

considerthemintheanalysis.Therefore,J-NAMEA,whichwasdesignedto

beapPliedtonationallevels,isarrangedandapPliedtoregionallevels.(2)J-

NAMEAisarrangedtounderstandonlyagriculture.AlthoughJ-NAMEA

coversentireindustries,ourstudyfocusesonagriculture.ThereforeJ-

NAMEAframeworkisarrangedforagricultureonly.(3)Itintroducesa

measurementofagriculturemultifunctionality.Agricultureproducesmulti-

functionalityaswellasfoodandenergycrops.Multifunctionalityisakindof

environmentalbenefitthatcategorizesexternaleconomyineconomics.J-

NAMEAonlymeasuresexternaldiseconomysuchasenvironmentalloads

andwastes.Therefore,externaleconomymeasurementsmustbeincorpo-

ratedintoagriculturalNAMEA,(4)Finally,itattachesEFtomeasureagri-

culturesustainability,whichisanotherpurposeofthisstudy.Although

manymethodologieshavebeendevelopedtomeasureit,EFisappliedto

measuresustainabilityinthisstudybecauseitcanmeasureitinphysical

terms,whichareestimatedusingfigurescalculatedinNAMEA.Itdistin-

guishessustainabilityfromacarryingcapacityaspect.

ThecompositionofagriculturalNAMEAisindicatedinFigure1.

NAMEAconsistsoftwoparts:anatiollalaccountingmatrix(NAM)anden-

vironmentalaccounting(EA).EconomicindexesaredescribedwithNAM,

andenvironmentalloadsandagriculturemultifunctionalityaremeasuredby

physicaltermsanddescribedwithEA.Next,theseindexesareconvertedto

EF,whichisthenusedtomeasureagriculturesustainability.

AgriculturalNAMEAcansystematicallyindicatethestatusoftheecon-

omy,environmentalloads,multifunctionality,andfinallydistinguishesagri一
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Figure2CalculationprocessofNAMEA

Theamountofun-recycledwasteandenvironmentalloadsaccumulated

innaturalrecoursesisindicatedinaccumulationaccountsinthecenterof

EA.Multifunctionalityisalsomentionedintheaccounts.Accumulation

accountsshowhowagriculturalproductionburdensenvironmentalloadson

naturalresourcesandhowmuchitproducesmultifunctionality.Environmen-

talloadsandmultifunctionalityareconvertedtosingleterms,anareaunit

byEFintherightsideofEA.Bothnegativeimpacts(environmentalloads)

andpositiveimpacts(multifunctionality)onnaturalresourcesarecalculated

bythesameterm.Finally,netEFcanbeestimated,asdefinedinthefollow-

ingequation,ahdusedtodistinguishsustainability:

netEF=EL-M(1)

whereELisenvironmentalloadandMismultifunctionalitymeasuredby
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EFrespectively.

2.2SurveyArea

ThesurveyareaofthisstudyisHokkaidoPrefecturelocatedinnorth-

ernJapan.AgricultureisoneofthemainindustriesinHokkaido.Themajor

typesincludearablecrops,dairyfarminginentireHokkaido,andrice

especiallyin .centralarea.Dairyfarmingisconductedonalargescalein

且okkaidocomparedwithotherdairyfarmingregionsinJapan.Therefore,

waterpollutioninriversandundergroundwatersuppliescausedbylivestock

excrementisaseriousprobleminsomepartsof且okkaido.Finally,forest

areacomprisesalargepartofHokkaido'stotallandarea.

3.Sustainabilitymeasurements

EFwasoriginallydevelopedbyWackernagelandRees(1996).Rees

(1996)definesEFasthe"correspondingareaofproductivelandandaquatic

ecosystemsrequiredtoproducetheresourcesused,andtoassimilatethe

wastesproduced,byadefinedpopulationataspecifiedmaterialstandardof

living,whereveronEarththatlandmaybelocated."WhenEFiscompared

withagivenavailablearea,wecanjudgewhethersuchactivitiesexcesssus-

tainablelevels.IfEFissmallerthanagivenarea,humanactivitiesaresus-

tainable.Ontheotherhand,ifEFislargerthanagivenarea,theyarenot

Whenjudgingagriculturesustainabi草ty,multifunctionalityduetosuch

activitiesshouldbeheeded.Inthisstudy,EFmeasuresnotonlyenviron-

mentalloadscausedbyagriculturebutalsomultifunctionalityprovidedby

agriculture.Therefore,bothpositiveandnegativeenvironmentaspectsare

consideredinEF.

Generally,EFisatoolformeasuringsustainabilityfromtheviewpoints
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0fenvironmentalloadandcarryingcapacityofaspecificareatoshow

whetherpresentactivitiesexceedcarryingcapacity.WhenadaptingEFto

measureenvironmentalbenefitssuchasmultifunctionality,someofitscon-

ceptsmustbechanged.Originally,sustainabledevelopmentwasjudgedby

thefollowingformula:

EF<CC (2)

whereCCiscarryingcapacitythatshowstheabsolutelimitationofnatural

resources.Byintroducingenvironmentalbenefits,formula(2)mustbe

changedto:

netEF<CC (3)

Underthisformula,theEFofenvironmentalloadsismeasuredbypositive

figures,andEFofmultifunctionalityismeasuredbynegative且guresandde-

ductedfromthatofenvironmentalloads.Environmentalloadsaffectincreas-

ingEFa耳denvironmentalbenefitsinverselyaffectdecreasingEF.Thiscal-

culationshowstheEFofnetenvironmentalloads(netEF).Ac6mparisonof

netEFwithcarryingcapacityshowswhetheractivitiesaresustainablecon-

sideringbothenvironmentalloadsandmultifunctionality.

Thisevaluationhowever,disturbsEF'ssustainabilityjudgmentsof

presentactivities.TheoriginalEFcallnotonlymeasurepresentstatusof

environme且talloadsbutalsoshowthenaturalresourcesrequiredtomain-

tainourpresentactivitiesbyconvertingvariousenvironmentalloadstoarea

unit.SustainabilityisjudgedbycomparingEFandcarryingcapacity.

But,thenetEFintroducedinthisstudycannotshowtherequirednatu-

ralresourcesbecausemultifunctionalityisdeductedfromenvironmental

load,ThisiscausedbysupposingthatmultifunctionalitynegativelyafEects

environmentalloads.ThismaydetractfromEF'sadvantageswhichcan



一Z38 商 学 討 究 第56巻 第2・3号

showtherequirednaturalresources.

However,itisthoughtthatmeasuringbothenVironmentalloadsand

multifunctionalitywithsingletoolisimportant.Agriculturegeneratesmany

positiveeffectstomanypeopleandwild-lifelivingaroundruralarea.Onthe

otherhand,agriculturalproductionhasbeenproducingnegativeeffectsuch

asenvirorlmentalload.Thesetwoaspectsarethoughtdifferentlybecausea

toolforintegratingthesetwoaspectshasnotexisted.Bydevelopillgthe

tool,wecanunderstandwhetheragricultureactuallyaffectsgoodorbadto

environment.Thepriorityofthisstudyistodevelopthetool.EFisthebest

toolforachievingourpurposebyarrangingit.

4.EstimationofAgriculturalNAMEA

Inthissection,NAMEAestimationmethodologiesareexplained.Inagri-

culturalNAMEA,economicstatusismeasuredinmonetaryterms,anden-

vironmentalloadsandmultifunctionalityaremeasuredinphysicalterms.

Sincewearemeasuringthesustainabilityofagricultureproduction,only

manmadeforestsareincorporatedintotheestimation;r血easurementsof

haturalforestsareexcludedbecausetheyarenotmanagedforcommercial

use.

Environmentalloaditemsconsideredinmeasurementsincludeglobal

warning,oxidization,waterpollution,wastegeneration,consumptionofforest

andwaterresources,andlanduse.Themultifunctionalityitemsconsidered

intheestimationareabsorptionofgreenhouseandoxidizedgases,accumula-

tionofforestresources,andwaterstorage.Regardingairpollution,CO2and

N20forglobalwarningfactors,NOx,SO2,andNH3foroxidization,andSPM

(SuspendedParticulateMatter)forairpollutionareconsideredinthe

measurement.WaterpollutionitemsareT-N,T-P,andBOD/COD.Plastic,
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ricestraw,excrement,andlivestockcorpsesareconsideredaswasteitems.

Regardingnaturalresourceuse,energy(petroleum),forests,andwaterre-

sourcesaremeasured.工andusemeasurementsfocusontheareaofagri-

culturalandforestlands.

Thereductionofenvironmentalloadsandtheaccumulationofforests

andwaterresourcesareconsidered.ReductionorabsorptionofCO2,NOx,

andSO2arealsomeasuredasmultifunctionalityitems.Theseitemsform

counterpartstoenvironmentalloadsitems,showingboththepositiveand

negativeaspectsofagriculture.

EFisestimatedusingEAcalculations.GasemissionEF(CO2,N20,CH4,

NOx,andSO2)andwaterpollutantsEF(T-N,T-P,andBOD/COD)aremea-

suredbycropandforestareasrequiredtoabsorbgasorwaterpollutants

generatedbyactivities.ForestresourceuseEFiscalculatedbythevolume

offorestareabeingcut.Ontheotherhand,EFmultifunctionalityismainly

calculatedasthelandarearequiredtoproducemultifunctionalitysubstitutes

thatprovideequivalentfunctions.Theabsorptionofoxidizedgas(CO2,NOx,

andSO2),inotherwords,phytoremediationfunction,iscalculatedbythe

croppingareavolume.Theaccumulationofforestresourcesiscalculatedby

theforestareaitselfTheEFofwaterresourcestorageiscalculatedbypad-

dy且eldarea,arablearea,andforestarea.

WhenmeasuringEF,similarmultifunctionsmaycausedoublecounting.

Forexample,thetreatmentofwastesproducesCO2,NOx,andsoon.The

EFofthesepollutantsismeasuredasitemsofCO2andNOxitself.There-

fore,theEFofwasteitemsisnotcalculatedinthewastecategory,and

thesefiguresarereferredtoastheEFofCO2andNOx.Finally,theyears

estimatedare1995and2000.
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5.Results

SinceEForiginallymeasuresenvironmentalloads,inthisstudypositive

EFfiguresindicatetheenvironmentalloadvolume,andnegativeEFfigures

showthemultifunctionalityvolume.EnvironmentalloadEF,whichis

deductedfrommultifunctionality(netEF),showsthebalanceofenvironmen-

talloadsandmultifunρtionality.BycomparingnetEFwithcarryingcapac-

ity,thesustain-abilityofactivitiesisdetermined.AnegativenetEFshows

thatmultifunction-alityislargerthanenvironmentalloads,andsoactivities

aresustainable.Thisrelationisexplainedinformula(3).Ontheotherhand,

ifnetEF>CC,presentactivitiesarenotsustainable,evenconsideringthe

multifunctionalityfromthoseactivities.

Theestimationresultsareasfollows.Inl995,netEFwas-895,000

hectare,andin2000itwas-1,208,000hectare(SeeTablel).AseachnetEF

isnegative,multifunctionalityexceededenvironmentalloadsinbothyears.

In1995and2000,Hokkaido'sagriculturalactivitieswereonthetrackto

sustainabledevelopmentinviewofcarryingcapacity.ChangesinEFbe-

tween1995and2000decreasedenvironmentalloadsfrom4,654,000hectare

to4,329,000hectare,andmultifunctionalityalsodecreasedfrom5,549,000

hectareto5,537,000hectare.However,theenvironmentalloaddecreaseis

muchlargerthaninmultifunctionality.Theseresultsmeanthatagricultural

activitiesareapproachingsustainabledevelopment,andtheymayhave

alreadyachievedsuchsustainabledevelopment.

TablelResultsofEFestimates

EFestimates1995 2000

(hectare)

Increase
EFofloads(a)

EFofmultifunctionality(b)

4,654,231

5,548,760

4,328,601

5,536,752

一325
,630

-12
,008

netEF(ニa-b) 一894
,529-1,208,151

一313
,622



HowCanWeEvaluatetheSustainabilityofAgriculture?AnEvaluationbyNAMEAandtheEcologica正Footprint141

Table2AbreakdownofEF

1995

1temsEFofEF
ofloads

muLfしmc

・(hectare)

2000

EFof
netEFEFofloadsnetEF

mul.func

CO2/N20/CH4(1)

NOx/SO2(1)

NH3

SPM

T-N/T-P/BOD/COD(1)

Plas廿c(2)

Excrement(3)

Ricestraw(2)

Corpses

Forestresources(2)

Waterresources

Useofagricu王turalland

Useofforestland

Changeinagriculturalland(4)

ChangeinfbrestIand(4)

973,006-1,516,476

648,885-1,191,000

鷺

,1羅1]

、1:iii}.、32.,26,
****-2,841,284

i:幾il]

(1,297)

一543 ,470

-542
,115

****

****

191,056

(1,840)

(191,056)

(2,261)

****

(53,178)

-2 ,841,284

1,324,808

1,5玉6,476

-(602)

(1,297)

787,282-1,522,448

526,629-1,176,000

****

****

176,386

(2,758)

(176,386)

(1,759)

****

(62,071)一(31,926)

****-2,838,304

1:iiilll]
(90)

一735 ,166

-649 ,371

****

****

176,386

(2,758)

(176,386)

(1,759)

****

(30,145)

-2 ,838,304

1,315,856

1,522,448

(2,904)

(90)

Total4,654,231-5,548,760-894,5294,328,601-5,536,752-1,208,151

Note:

(1)Itemsareintegratedtoavoiddoublecounting.Figuresinparenthesesarenotca正culatedintota正EFtoavoiddouble

counting。

(2)EFofplastic,ricestrawandforestresourcesarecalculatedincolumnCO2/N20/CH4.

(3)ExcrementiscalculatedincolumnT-N/T-P/BOD/COD.

(4)EFoflandusechangeiscalculatedinuseGfland.

(5)****:Notestirnatedbecauseofdataavailab量hty.

Table2showsabreakdownofEF.Thelargestenvironmentalloadis

landuse.AccordingtotheEFconcept,1anduseisunderstoodasanenviron-

mentalload.Thisresultisquitenaturalbecauseagricultufeisland-intensive.

Thesecondlargestenvironmentalloadisgreenhousegas(GHG),suchas

CO2/N20/CH4.ThemaincauseofGHGemissionsisfarmhouseholdsrather

thanagriculturalproductionitself.TheresultsrevealthatGHGemission

fromhouseholdsincreasedduringl995-2000.TheGHGemissionEFgreatly

decreasedfrom973,000hectareto787,000hectareduringtheperiod1995-

2000becausetheareaofmanmadeforestsgrewandforestvolumeper

hectareincreased,andasaresult,GHGabsorptionvolumeincreased.

Namely,thecapabilityofGHGabsorptionincreasedduringtheperiod.

Thelargestmultifunctionalityisinwaterresources.Thewaterresource

EFisequaltothesumofagriculturalandforestlandsbecausethepresent
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amountofwaterstorageiscausedbytheexistenceofthepresentagricultur-

alandforestlands.ThesecondlargestmultifunctionalityisGHGabsorption,

whichheavilydependsonforestresources.

Thesustainabilitymentionedabovere且ectsthecarryingcapacityview-

pointanddoesnotconsidereconomicgrowth.TheNAMindexesin

NAMEAillustratethatagricultureproductiondecreasedbetweenl995and

2000(SeeTable3).Therefore,agriculturedidnotachievesustainable

"d
evelopment."Thiswillbeanargumentoverwhethersustainabilityre-

quireseconomicgrowth.Toarguethispointherecarriesustoofarfromthe

objectivesofthispaper.Attheleast,wesuggestthataminimumsustain-

abilityconditionisnetEFgrowthdespiteeconomicdecline.Bycomparing

EFwithproduction,netEFgrew26%,althougheconomicactivitiesdeclined

9.2%.Therefore,agriculturein且okkaidoachieved"sustainabledecline"dur-

ingl995-2000.

τ'able3EconomicgrowthandnetEF

1995 2000 Growthrate

Productiol1(millionyen)1,271,6331,164,284-9.2%

Productionperfarm(thousandyen)8,9189,6958.0%

netEF(hectare)-894,529-1,208,15126.0%(1)

Note:

(1)Foreasyunderstaning,growthrateofIletEFiscalculatedbypositivefigures.
Positivefiguresofgrowthratemeansbetterstatusofsustainability.

且owever,asregardswithproductionperfarm,therewas8.0%growth

during1995-2000.Thisresultshowsthatmicroeconomicsustainabilityhas

alreadyachieved.Fromtheviewpointoffarm,agricultureofHokkaidois

sustainablecontemporarytotheviewpointofentireagricultureofHokkaido.

Thisresultiscausedbydecreaseofnumberoffarms.Asnumberof
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farmshadrapidlydeclined,productionofagricultureinentireHokkaidohad

alsodeclinedamongtheestimatedperiod.Ontheotherhand,farmswhich

hadbeencontinuingagriculturalproductionhadrelativelygood五nancialsta-

tus.Therefore,prefarmincomeincreasedamongtheperiod.

6.Conclusions

Theobjectivesofthisstudywereasfollows.(1)NAMEAwasappliedto

agriculturetounderstandthestatusofitseconomy,itsmultifunctionality,

anditsenvironmentalloadsonacommonframework,usingthecasestudy

ofHokkaidoPrefectureinJapan.(2)Agriculturesustainabilitywasthenmea-

suredinclusivelybyecologicalfootprint.

AgriculturalNAMEAisrevisedwiththefollowingpointsincomparison

withJ-NAMEA:(1)Itisbrokendownintoregionaleconomiclevelsfromits

originalnationaleconomiclevels.(2)Itonlyfocusesonagriculture.

(3)Itintroducesthemeasurementofagriculturemultifunctionality.And,

(4),itattachesanecologicalfootprinttomeasureagriculturesustainabiiity.

AgriculturalNAMEAsystematicallyshowsthestatusoftheeconomy,

environmentalloads,multifunctionality,andagriculturesustainability.

TheestimationresultsforHokkaidoagricultureprovethatin1995and

2000agriculturalactivitiesinHokkaidoachievedsustaillabledevelopmerlt

andbecamemuchmoresustainablefromacarryingcapacityaspect.

However,asagricultureeconomicactivitiesdecline,theydidnotachieve

sustainable"development"butsustainable``decline"wheneconomicaspects

duringtheperiod1995-2000wereconsidered.Ontheotherhand,asregards

Withproductionperf母rm,therewas8.0%growthduring1995-2000.Thisre-

sultshowsthatmicroeconomicsustainabilityhasalreadyachieved.
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