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ABSTRACT

1.Background

WheaHhepllnClpalfoodofabouthalfoftheworld'spopulation,isgrowninmostareasofthe

world.Evenpeoplegroupswhoeatmostlyricealsoeatsomeformsofwheat.Itiswellknownthat

thetradevolumeofwheatoccupies仙ehalfofthatofgrain.

TheglobalpopulationhasincreasedsinceWorldWarII,anditisanticipatedthatitwillincrease

rapidlyinthe21stcentury.Currently,about4.4billionoftheworld'S6.3billionpeoplelivein

developingcountries･ThepopulationisincreaslngmostrapidlyindevelopingCOuntriesthatattained

politicalindependenceafterWorldWarII.lndeveloplngcountries,about8(氾millionpeopledonot
getenough foodoradequatenutritionfordailylife.Meanwhile,developedcountriesaresaturated

withfood.Thefood-shortageproblemisbecomlngIncreasinglyserious.

Shippingcontinuestobedominantmodeoftransportation,accountingforalmosttwothirdsof

worldtrade(metrictons).Withtheeconomicglobalization,maritimetransportationwillbecome

moreandmoreimportant.

Inrecentyears,manycountrieshavebeenfacing anumberofpresslngSystem-Wide

envi-onmentalissuesrelatedtothecombustionoffossilfuelsformechanizedapplications,including

airpollution,heavyrelianceontheextractionandprocesslngOfpetroleum,andemissionsof

greenhousegases.Thetransportationsectorisaleadingcontributortotheseproblems,andwithin

thissector,freighttransportationisasignificantcontributorespeciallytoenergyuseandcarbon

emlSSIOnS.

2.Purpose

hlthe21stcentury,asteepIncreaseintheglobalpopulationisexpected;mostlywillhappenin

AsiaandAfrica.AccordingtostatisticsofFAO,thegrowlngpopulationcarlbemaintainedby

increasedcerealproduction.Buttheunbalancebetweensupplyandproductionstillexistsinthe

world.Thefoodproblemisstillseriousforpeople.Firstly,thepurposeofthisresearchistoestimate

thesupplyandimport/exportOfwheatonthebasisofthecontinentalmethod.Usingthecontinental

method,wecanobtainthevolumesofwheatshortageandthetradefeaturesabouHheimport/export.

Secondly,byanalyzlngthetradeflowdata,weshowaclearsituationofwheattrade.Thirdly,we



madeanassessmenttoemissionsofCO2imthewheattransportation.Finally,consideringthecargo

creation,WedevelopedananalyzingSystemOfwheatmaritimetransportationand一ogisticsincluding

transportationtons,ton一miles,valve,numberofbulkcarriersneededandemissionsofCO∃inthe

transportation.

3.Contents

Thisdissertationisorganizedasfollows.

Chapter1presentsbackgroundoftheresearchandpurpose.Besidethat,chapter1alsodescribes

thestructureofthisresearch.

Cbapter2reviewstherelatedresearch血omthefbllowlngViewpoint.Theyareglobalmodel,

marketingofgraln,timeseriesanalysesandmathematicalprogrammlng.Wealsoexplorethe

positionlngOfthisresearchfromcargocreationandenvironmentalproblem.

Inchapter3,Weanalyzethepopulationpredictions,populationchangesandpopulationgrowth

rateaccordingtotheUN'sdata.ThefactorofpopulationincreaslnglSClearlyshown.

Chapter4examinestheproduction,supplyofwheatonthebasisofthecontinentalmethodand

analyzesthefactorstha(affecttheproductionandsupply.Usingthecontinentalmethod,wecan

obtainthevolumesofwheatsurplusandshortage.Afterdiscusslngtherelationsbetweentheimport,

Shortageandvolumeofmaritimetransportation,therequlrementSfわrmaritimetransportationof

wheatareinvestigatedandestimatedinthefuture.

Chapter5proposesatradeflowanalysisofwheat.Firstofall,weconductthetradeflowdataof

acrosssectionuslngprOgrammlng.Secondly,weanalyzetheAsianwheat'simportbypaneldata.

Finally,theshareanalysisoftheintemationalwheatexportmarketisdiscussed.

Inchapter6,themaritimetransportationandlogisticssystemsofwheatareanalyzedforAsia.

FirstlyweanalyzetheAsiantradeconditionofwheat.SecondlyfromtheimportconditionofAsia,

wecanmakeadecisionwhichportcanbeusedasimportingportsandexportingportsbasedon

investigatlngWheatexportingportsofothers'CountriesandwheatimportingportsofAsiancountries.

Sothenavigationdistancebetweentheexportingportsandimportingportscanbecalculated.Finally,

WeanalyzethemaritimetrallSpOrtationandlogisticssystemsofwheatinAsiaincludingmaritime

Ton,Ton-Miles,tradevalue,necessarynumberofbulkcarriersandemissionsofC02inthe

transportation,Inaddition,theeffectcomlngfromtheinternationalprlCeOfwheatisanalyzedby

Cross-correlations.

Inchapter7,WeanalyzemaritimetransportationandlogisticssystemsofwheattoAfricafrom

maritimeTわn,Tわn-Miles,tradevalue,necessarynumberofbulkca汀iersandemissionsofCO2inthe

transportation.Afterananalysisofthewheattransportation,Wefindthattheagriculturalpolicies

greatlyaffectthewheattransportationtoAfrica.Then,uslngtwoSCenarios,wepredicthow many

shipsarenecessaryforthemaritimetransportationofwheattoAfricainthefuture.

ⅠⅠ



lnchapter8,acomparativestudyisundertakenonmaritimetradeofwheatandricedestinedfb∫

Africa.Forcomparison,firstly,thefeatureofproductionandsupplybecomesclear.Secondly,trade

featureisalsodiscussed.Moreover,Weshow thatagriculturalpoliciessignificantlyaffectthe

transportationofwheattoAfrica.Ontheotherhand,weshowthattheexportofricetoAfricaisa

regulartrend.Finally,basedonthecomparisonoftrade,Wepredictthenumberofmaritimebulk

carriersofwheatandriceforAfrica.Inaddition,theeffectcomingfromtheintemationalpnceof

wheatandriceisalsodiscussed.

Chapter9presentstheconclusionsofthisdissertation.Itincludesasummaryofimportantresults

andsubjectoffutureinvestigation.
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Chapter1htmduction

1.IResearchBackground

Wheat,theprlnCipalfoodofabouthalfoftheworld'spopulation,isgrowninmostareasofthe

world.EvenpeoplegroupswhoeatmostlyricealsoeatsomeformsofwheaLltiswellknownthat

thetradevolumeofwheatoccupiesthehalfofthatofgrain.

TheglobalpopulationhasincreasedsinceWorldWarII,anditisanticipatedthatitwillincrease

rapidlyinthe21stcentury(NIRA1982).Currently,about4.4billionoftheworld'S6.3billionpeople

liveindeveloplngCOuntries.ThepopulationisincreaslngmostrapidlyindeveloplngCOuntliesthat

attainedpoliticalindependenceafterWorldWarII.Indeveloplngcountries,about800millionpeople

donotgetenoughfoodoradequatenutritionfordailylife.Meanwhile,developedcountriesare

saturatedwithfood.Thefood-shortageproblemisbecomingincreasinglyserious(FAO,2001).

Shippingcontinuestobedominantmodeoftransportation,accountingforalmosttwothirdsof

world trade(metrictons)(UNCTAD,2001).With theeconomicglobalization,maritime

transportationwillbecomemoreandmoreimportanL

lnrecentyears,manycountrieshavebeenfacinganumberofpresslngSystem-Wide

environmentalissuesrelatedtothecombustionoffossilfuelsformechanizedapplications,including

airpollution,heavyrelianceontheextractionandprocesslngOfpetroleum,andemissionsof

greenhousegases.Thetransportationsectorisaleadingcon(ributortotheseproblems,andwithin

thissector,freighttransportationisasignificantcontributorespeciallytoenergyuseandcarbon

emissions(Schippereta1.,1997).

1.2ResearchPurpose

lnthe21stcentury,asteepIncreaseintheglobalpopulationisexpected;mostlywillhappenin

AsiaandAfrica.AccordingtostatisticsofFAO,thegrowlngpopulationcanbemaintainedby

increasedcerealproduction(Gilland.B.,2002).BuHheunbalancebetweensupplyandproduction

stillexistsintheworld.Thefoodproblemisstillseriousforpeople.Firstly,thepurposeofthis

researchistoestimatethesupplyandimport/exportofwheatonthebasisofthecontinentalmethod.

Usingthecontinentalmethod,wecanobtainthevolumesofwheatshortageandthetradefeatures

abouHheimport/export.Secondly,byanalyzingthetradeflowdata,weshowaclearsituationof

wheattrade.TYlirdly,wemadeanassessmenttoemissionsofC02inthewheattransportation.

Finally,consideringthecargocreation,Wedevelopedananalyzingsystemofwheatmaritime

transportationandlogisticsincludingtransportationtons,ton-miles,Valve,necessarynumberofbulk

carriersandemissionsofCO2inthetransportation.

-1-



I.3StructuT℃OfThisResearch

TheflowchartisconstructedforthisresearchasshowninFigure1.1.

Chapter4AContinental
MethodforEstimatingWheat
Production,Supply,Trade

Chapter5TradeFlow

11 日

Chapter6Maritime
Transportationand
LogisticsSystemsof
Asia

Chapter7Maritime
Transportationand
LogisticsSystemsof

Africa

Chapter8Comparative
ResearchontheTrade

andBulkCarriersof
WheatandRicefor
MaritimeTransportation

Figure1.1FlowchartofThisResearch

Chapter1presentsbackgroundoftheresearchandpurpose.Besidethat,chapter1alsodescribes

thestructureofthisresearch.
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Chapter2reviewstherelatedresearchfromthefollowlngViewpoint.Theyareglobalmodel,

marketingofgraln,timeseriesanalysesandmathematicalprogrammlng.Wealsoexplorethe

positionlngOfthisresearchfromcargocreationandenvironmentalproblem.

Inchapter3,weanalyzethepopulationpredictions,populationchangesandpopulationgrow血

rateaccordingtotheUN'sdata.ThefactorofpopulationincreaslnglSClearlyshown.

Chapter4examinestheproduction,Supplyofwheatonthebasisofthecontinentalmethodand

analyzesthefactorsthataffecttheproductionandsupply.Usingthecontinentalmethod,wecan

obtainthevolumesofwheatsurplusandshortage.Afterdiscusslngtherelationsbetweentheimport,

shortageandvolumeofmaritimetransportation,therequlrementSformaritimetransportationof

wheatareiJIVeStigatedandestimatedinthefuture.

Chapter5proposesatradeflowanalysisofwheat.Firstofall,Weconductthetradenowdataof

acrosssectionuslngPrOgrammlng.Secondly,theshareanalysisoftheintemationalwheatexport

marketisdiscussed.Finally,weanalyzetheAsianwheat'simportbypaneldata.

Inchapter6,themaritimetransportationandlogisticssystemsofwheatareanalyzedforAsia.

FirstlyweanalyzetheAsiantradeconditionofwheat.SecondlyfromtheimportconditionofAsia,

wecanmakeadecisionwhichportcanbeusedasimportingportsandexportingFor(sbasedon

investigatingwheatimportingpor(sofAsiancountriesandwheatexportingportsofothers'countries.

Sothenavigationdistancebetweentheexportingportsandimportingportscanbecalculated.Finally,

weanalyzethemaritimetransportationandlogisticssystemsofwheatinAsiaincludingmaritime

Tわn,Tわn-Miles,tradevalue,necessarynumberofbulkcamiersandemissionsofC02inthe

transportation.Inaddition,theeffectcomingfromtheinternationalprlCeOfwheatisanalyzedby

Cross-co汀elalions.

Inchapter7,WeanalyzemaritimetransportationandlogisticssystemsofwheattoA血ica血om

maritimeTon,Ton-Miles,tradevalue,necessarynumberofbulkcarriersneededandemissionsof

C02inthetransportation.Afterananalysisofthewheattransportation,wefindthattheagricultural

policiesgreatlyaffectthewheattransportationtoAfrica.Then,uslngthetwoscenarios,wepredict

howmanyshipsarenecessaryforthemaritimetransportationofwheaHoAfricainthefuture.

lnchapter8,acomparativestudyisundertakenonmaritimetradeofwheatandricedestinedfor

A血ica.Inthecomparison,firstly,thefeatureofproductionandsupplybecomesclear.Secondly,

tradefeatureisalsodiscussed.Moreover,WeshowthatagrlCulturalpoliciessignificantlyaffectthe

transportationofwheattoAfrica.Ontheotherhand,weshowthattheexportofricetoAfdcaisa

regulartrendLFinally,basedonthecomparisonoftrade,wepredictthenumberofmaritimebulk

carriersofwheatandriceforAfrica.Inaddition,theeffectcomingfromtheintemationalprICeOf

wheatandriceisalsodiscussed.

Chapter9presentstheconclusionsofthisdissertation.Itincludesasummaryofimportantresults

andsubjectoffutureinvestigation.

-3･



References

1, FAO.2001.WorldAgriculturetowards2015/30.An FAOstudy.Rome.

2. Gilland,B.2002.WorldPopulationandFoodSupplycanFoodProductionKeepPacewith

PopulationGrowthintheHalf-century?FoodPolicy27:47-63.

3. NationalInstituteforResearchAdvancement(NIRA).1982.TheComparativeStudyinthe

DemandandSupplyofⅥbrldFoodPrediction.(InJapanese).

4. Schipper,Letal.,1997.Energyuseandcarbonemissionsfromfreightin10industrialized

countries:ananalysisoftrendsfrom1973to1992.TransportationResearchPartD2(1)57175.

5. UNCTAD,2001.ReviewofMaritimeTransport,UN.Geneval.

-4-



Chapter2LiteratureReview

2.1RelatedReseard1

2.I.IGlobaJModels

Acrosstheglobe,theissueofhumansuⅣivalfacingfわodandpopulationcrisesisbeingdiscussed

actively.Manyintemationalorganizations,suchastheFoodandAgricultureOrganizationofthe

UnitedNations(FAO2002)areattemptingtoquantifythegapbetweenthefoodsupplyandthe

demand.Toevaluatethisgap,theFAOusedaslngleequationmodeluntil1970,however,nowuses

theWorldFoodModel.Basedonthismodel,thefollowingPredictionscanbemadeinregardto

wheat.By2010,wheatproductionwillreach679milliontons;supply,683milliontons;import,129

milliontons;andexport,128milliontons(Alexandriteetal.1995).By2030,wheatproductionwill

reach854.9milliontons,aJldthesupplywillreach851.2milliontons(FAO2003).meFAOhas

takenthestancethatprovidingadequatefoodtodevelopingcountriesisadutyofthedeveloped

wor一d.

nelntemationalFoodPolicyResearchInstitute(lFPRI2001)developedthelntcmationalModel

forPolicyAnalysisofAgriculturalCommoditiesandTrade(IMFACT'2002)andpredictedthatby

2020,theworldwideproductionandsupplyofwheatwouldbe760milliontons.

Inaddition,othermodelshavebeendevelopedbytheUnitedStatesDepartmentofAgriculture

(USDA1999)andtheOrganizationforEconomicCooperationandDevelopment(OECD1976).

Theseagencieshavestudiedthesupplyanddemandofwheatonaglobalbasis.However,little

researchhasbeendoneonthesupply,demand,andmaritimetransportationofwheatinspecific

reglOnSOftheworld.

Moreover,somepessimiS(S'researchesalsohappen.Meadows(Meadows,etal,1973)usedthe

World3DynamicsModeltosimulatetheconsequenceofinteractionsbetweentheEarth'sand

humansystems.Fivevariableswereexaminedintheoriginalmodel,ontheassumptionthat

exponentialgrowthaccuratelydescribedtheirpattemsofincrease.Thesevariablesare:world

population,industrialization,pollution,foodproductionandresourcedepletion.TheSystem

Dynamics(SD)Modelisupdateduntilnow(Meadows,elal,1992,2004).Theotheralarming

researchisconductedbyBrown(Brown,L,1994).Hediscussedfoodcrisisandwanedwhocould

feedChina.

Finally,Tongeren(1bngeren,F.V.,etal,2001)reviewsthepresentstateofappliedmodelinginthe

areaoftradeandagriculturalpoliciesandacomparativeassessmentofaltemativemodeling

approaches.ThesemodelsareasfollowsintheTable2.1.Sincetheresultsofglobalprediction

modelaredifferent,Morisima(Morisima,M.,1995)arguesthatthelong-termpredictionismore

importantasthegoaloralarmthanaccurateprognosis.Theresultofpredictionisguidedinthe

desirabledirectionbyperformlngSimulationanalysisbasedonthescenarioassumedvariously.

･5･
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2.1.2MarketingoEGrain

Theworldwheatmarketischaracterizedbyalimitednumberofmajorexportingregions,Withthe

UnitedStates,Canada,Australia,theEuropeanUnion(EU)andArgentinaaccountingforabout83%

oftotalexports(FAPR11993).Importsaresomewhatlessconcentrated,althoughChina,theformer

SovietUnionandNorthAfricahaveabsorbedalmost40%oftotalimportsinrecentyears(FAPRI

1993).Theimplicationsofthismarketstructurefortrade,pricesandpolicieshavebeenwidely

studied(McCalla1966.,Alaouzeetal1978;PaarlbergandAbbott1986;GoodwinandSchroeder

1991).Withinthesestudies,exportpricedeterminationhasreceivedspecialattentionbecauseofthe

smallnumberofmaJOrexportingreglOnSaSWellasthepresenceoflargemultinationalgmintrading

companiesandthefactthatwheatisnotanentirelyhomogeneousproduct.SeveralStudieshave

investigatedtherelationshipsbetweenexportpricesforthefiveprincipalexporters(Spriggseta1

1982;Perkinsetal1984;GilmourandFawcett1987;GoodwinandSchroeder1991).

Ontheotherhand,majorgraincompanies(suchasADM,lnc.,Cargill,Inc.,etc.)arelarge-scale

graindistributioncompanieswhoconnectproducersandconsumers,andarethebearersofworld

marketexporLnesemajorgmincompaniesbringabou(abiginfluencetoaworldmarketCrino,N･,

2006).

2.1.3TimeSeriesMethods

Timeseriesmethodsareoftenusedtostudythedynamicsofregional,export-wheat,milroadrates,

etc.InUSA,milroadwheattransportationmarketsinthecentralplainsaremodeledwitherror

correctionanddirectedgraphs(BesslerandFuller,2000).Bessler(Bessleretal,2003)alsoexamine

dynamicrelationshipsamongwheatprlCeSfromfivecountriesfortheyears1981-1999.Thesame

methodisemployedwithobservationaldatatosorトOutthedynamiccausalrelationshipsamong

prlCeSfrommajorwheatproducingregions:Canada,theEuropeanUnion,Argentina,Australia,and

theUnitedStates.HisresultsshowthatCanadaandtheU.S.areleadersintheprlClngOfwheatin

thesemarkets.TheU.S.hasasignificanteffectonthreemarketsexcludingCanada.

Inaddition,ARandARIMAmodelareemployedtoforecastquarterlyrailroadgraincarloadings

(Babcock,1999)･AspecialtypeofARIMju modelinwhichXisavectorofexplanatorydummy

variablesisusedtoforecastinlandwaterwaygraintraffic(BabcockandLtJ1999).

Onlyrecently,vectorautoregressivemodel(VAR)ispopularmethodoftimeseriesandisapplied

bymanyresearchers.Aseriesofresearchasfollows:multivariateautoregressivetimeseriesmodels

areappliedtoforecastthetradeflowsoffourcommoditymarkets(Crudeoil,ironore,gminand

coal)onmajortraderoutes(VeenstraandHaralambides,2001).RelationshipbetweenCanadaalld

U･S.wheatprlCeSisexaminedusingcointegrationanderrorcorrectionapproachbyMohanty,

(Mohantyetal,1996,Ghoshray,2007).Theyalsoestimatetheexpor(pricerelationshipsinthe

internationalwheatexporters,theUmitedStates,Canada,Australia,TheEuropeanUnionand

･7･



Argentinausingageneralerrorcorrectionapproach(Mohantyetal,1999)developedbyEngleand

Granger(1987).

Moreover,theeffectsofU.S.wheatprlCeS,dollarvalues,andtheirvolatilitiesonU.S.wheat

marketsharesin10AsiancountriesareanalyzedbyJimand【oo(JimandKoo,2003).Estimation

resultsshowthathigherU.S.wheatprlCeSandU.S.dollarappreciationhavedetrimentaleffects,

whileincreasesincompetitors'wheatprlCeSandcurrencyvalueshavecrosspositiveeffectsonU.S.

marketshares.TheimportersarenotsensitivetovolatilityinannualprlCeandexchangerate

changes.

2.I.4Mathematica.Programm)ng

Blakeslee(Blakeslee,etal,1973)developedaLPmodelinordertominimizethegraintransport

costintheworld.

Recently,amixed-integerprogrammlngmodelisdesignedtominimizethecombinedcostsof

deliverlngWheattomillingsites,millingflour,marketingmillfeeds,andshippingDourtoendusers

inSouthernPlainsofU.S.A.(Tbmboetal,1999).

Liltleworkhasbeendoneonmaritimeshippingproblemswithfocusonthewholesupplychain

(Christianseneta1.,2004;BilgenandOzkarahan,2004).Atthispoint,itissuitabletomentionthe

literaturewheremaritimeshippinglSanimportantissuewithinsupplychainoptimization.

Bilgenand02:karahan(2007)addressablendingandshippingproblemfacedbyacompanythat

managesawheatsupplychain.neprobleminvolvesthedeliveryofbulkproductsfromloading

portstodestinationports,whichmaybeservedbydifferentvesseltypes.Sincetheproduc(s

demandedbycustomersaremainlyexportedinbulktooverseascustomers,theshipmentplannlnglS

ofgreateconomicimportance.Theproblemisformulatedasamixed-integerlinearprogrammlng

model(MILP).Theobjectivefunctionseekstominimizethetotalcostincludingtheblending,

loading,transportationandinventorycosts.Constraintsonthesystemincludeblendinganddemand

requlrementS,availabilityoforiginalandblendedproducts;aswellasblending,loading,draftand

vesselcapacityrestrictions.

2.2ThePosilionlmgOfThisResearch

2.2.IViewpointofCargoCreationoETransportation

Inthissection,Wediscussthecargocreationoftransportation.Here,thecargocreationcanbe

classifiedinto3fields.Theyareoptimumtransportation,Changeofcargotransportationvolumeand

occurrenceofnewcargoasshowninFigure2.1.

TheoptimumtransportationisveryImportantinthepresenttransportation.Itisoftenusedthe

resultofoperationresearchtoconducttheopllmumproblem.Butwerecognizethechangeofcargo
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transportationvolumeincludingfuturetransportationismoreimportantthanpresenttransportation.

ThisresearchisfocusedonthisviewpolnttOanalyzethetradenowofwheat.Moreover,Wealso

considerthattheoccurrenceofnewcargobelongstothecargocreationbecausenewvalueandneeds

existinthenewcargo.But,theproblemisn'tinvolvedinthestudy.

OptimumTransportation

ChangeofCaT･go

Transporlatt'onVolume

Occu汀enCeOfNewCargo

Figure2.1CargoCreationofTransportation

nechangeofcargotransportationisoftenoccurredbyintemationaltrade.Inthefollowingtest,

Weanalyzethechangeofwheattransportationbypartialequilibriumtrademodelofwheat.Herewe

usetwocountries(homecountryandforeigncountry)toanalyzethechangeoftrade.

Pricc Price

Homeland
QtJBTLtily

Worldma血el
Quantity

ForeigncounbT
Quantiq

Figure2.21ntemalionalTradeofWheat

Figure2･2Showsthechangeofbefわreandaftertrade･Befわretrade,homecountryandfわreign

countrylSindependenceandequilibrium,respected･TheirequilibriumprlCeisPHandPF･The

surplusisshowninTable2.2
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Table2.2SurplusofbeforeTrade

Homeland Foreigncounty

ConsumerSu叩lus a a'+b'

ProducerSurplus b+d d'

A氏ertrade,accordingtothelawofoneprlCe,theinternationalprlCeOfwheatbecomesthe

equilibriumprice(PW).ThesurplusisshowninTable2.3.

Table2.3SurplusofafterTrade

Homeland Foreigncounty

ConsumerSurplus a+b+C a'

ProducerSurplus d b'+C'+d'

Bycomparison,asshowninTable2.4,thesocialsurplusofhomecountryandforeigncountrywill

increasecandc',respectively.

Table2.4ChangeofSurplus

Homeland Foreigncounty

ConsumerSurplus +(b+C) -b'

ProducerSurplus -b +(b'+C')

Consequently,theproductionandconsumptionofwheatbecomemoreefficientthanbefore.On

theotherhand,theeconomicpublicwelfareofbothcountriescanberaised.Hereisthefundamental

reasonfb∫advocatingafreetrade.Withthedevelopmentoftrade,thechangeofcargotransportation

willhappencontinuously.

Ontheotherhand,inrecentyears,containertransportationisnotedinthemaritimetransportation.

However,bulktransportoccupleSabout80%onaweightbasisandabout40%onavaluebasis

duringtheintemationalcargotransportation.Energyresources,raw material,andgrainare

transportedbybulker;consumergoodsofcommercializationaremainlyshippedbycontainer.

Wheatisusuallyshippedbydrybulk.Table2.5showsthetypesofdrybulkandimpor(antcargo

shipped.Inthepast30years,theannualgrowthrateofdrybulk'sshippingtonnageis3･9% Onthe

averagewiththeincreaseofcargomovementintheworld.Amongthem,Capesizeis7,1%,Panamax

-10 1



is6.5%,Handymaxis4.0%,Handysizeis0.7%,respectively.Itisclearthattheshipsizebecomes

biggerandbigger.Thechangesofcargotransportationvolumewillaffectthenecessarynumberof

bulkcarriers.WealSodiscussthechangeofnumberofbulkcarriersforwheatinthefuture.

Table2.5TheTypesofDryBulkandlmportantCargoShipped

Type Deadweight(DWT) lmportanlCa一gO

PanamaX 60,000 -80,(X氾 Coal,Grain,Ironore,Coke

HandymaX 40,000-60,(X柑 Grain,Coal,Coke

2.2.2ViewpohtofEnyironmentaIProblem

nedistancebetweenproducersandconsumersbecomeslongerthanbeforeinaccordancewith

theexpansionofintemational foodtrade.As aresult,dis(ributionchannelsarebecomlng

complicated,andconsumersdonotknowwherefoodcomesfromandhowitisproduced.Algela

Paxton(Algela1994)arguesaboutthedangerofthelong-distancetransportationoffood.Ⅰnthis

study,itisimportantthathowwheattransportationaffectenvironmentofearth.Inordertodealwith

theproblem,bypredictingthemaritimeton-miles,wecanmakeanassessmen(ontheemissionsof

C02inthemaritimetransportationandlogisticsofwheat.

Ontheotherhand,changesinclimatecanhavedramaticeffectsonfoodsystems.Climatic

variationtriggersstarvation,mlgration,economicdisruption,andlandusechange,fortheclimate

foodlinkisoneofthemostaTICient,Critical,andpersistentproblemsofthephysicalenvironment

(Liverman,D.M.,1987).Withtheclimatechangeoftheear(h,theproductionregionofwheatwill

alsobecomeanalteration.As theresult,wheattransportationshouldbechanged.
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Figure3.2RegionalPopulations

Thefoodshortageisaggravatedbytherapidincreaseintheworld'spopulation.Insomecountries,

thepopulationgrowthrateishigherthantheincreaseinfoodproduction.From1985to1995,food

productiondidnotcatchupwiththepopulationgrowthratein64of105developingcountries.The

worstsituationwasinAfrica.Inordertofeedaprojectedpopulationof8billionpeoplein2025,itis

necessarytodoublethepresentleveloffoodproduction.

3.2PopulationChanges

As showninFigure3.3,worldwidepopulationchangedeclinedbrieflyinthelate1980S.However,

evenifthepopulationchangefallsfurther,thepopulationwillcontinuetoincrease.ltisclearthat

AsiainfluencestheworldpopulationbecausethepopulationchangeofAsiaismostintheworld.ln

thecaseofAfrica,thechangeofpopulationisprojectedtoincreaseannuallytill2030anddecrease

afterthat.AnimportantpointisthatthechangeofpopulationwillexceedthechangeofAsiaand

becomeNo.1after2030.
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Figure3.3RegionalPopulationChanges

33PopuJationGmwthRate

Inthe1960S,thepopulationgrowthrateintheworldwas2%.However,itisexpectedtodecrease

moreinthefuture.From1975to1990,theworldpopulationincreasedby1.74%everyyear,but,in

thenext60years,thepopulationgrowthratewillbereducedtolessthan1%.Cautionisrequired

whenconsideringtrendsinAfrica,wherethepopulationgrowthrateisexpectedtobc3%.Moreover,

A血icahasthehighestpopulationgrowthrate.Althoughthepopulationgrowthratewilldecreasein

everyregion,thenegativegrowthrateinEuropelSSignificant.ThesetendenciesareshowninFigure

3･4･Thedecreasinggrowthrateofthepopulationhasalargeinfluenceontheproductionofwheat.
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3.4TheCauseofPopulatiomlmcreas)ng

Themaincauseofpopulationexplosionisdeclineofdeathrate.Table3.1showsthechangeof

birthdataanddeathratebetweenindustrialcountriesanddeveloplngcountries.Itisclearthat

increasingOfpopulationcomefromthedeclineofdeathratebecausethebirthrateisbiggerthan

dealhlate.

Table3.1BirthRateandDeathRate(AnnualBirthandDeathRateper1,000persons)

Birthrate Ⅰndustrialcountries 22.0 13.6
DeveloplngCOuntries 44.6 28.1

Deathrale Ⅰndustrialcountries 10.2 9.7
DeVeloplngCOuntries 24.3 9.1

PopulationgrowthRate Ⅰndustrialcountーies ll.8 3.9
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3.5Conclusions

neconclusionscouldbesummarizedasfollows:

1. AsleepIncreaseintheglobalpopulationisexpected,mostlyinAsiaandAfrica.

2. An importantpolntisthatthechangeofpopulationinAfricawillexceedthechangeofAsiaand

becomeNo.1after2030.

3. Thepopulationgrowthratewilldecreaseineveryreg10n;thenegativegrowthrateinEurope lS

significant.

4. Thecauseofpopulationexplosioncomesfromthedeclineofdeathrate.
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Chapter4AContinentaJMethodForEstimatingWheatProduction,Supp一y,Thde
andMaritjmeTransportation

4.IIntroduction

4.I.IHarvestedArea

Figure4.1ShowstheharvestedareaofeveryreglOn.As showninFigure4.1,thewheat-harvested

areachangedlittlein40years.Adownwardworldwidetendency,however,wasobservedforthe

harvestedareaafter1997.Althoughnewharvestedareashavecominuouslybeenusedforproduction,

theproductioncapacityhasdeclinedduetodamagefromvariousfactors,includingsaltwater,

urbanizationanddesertification.
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Figure4.1TimeSeriesofHarvestArea

4.1.2Yie)dperHectare

Figure4･2ShowstheyieldperhectareineveryreglOn,Improvementsintechnologyoverthepast

40yearshavemadeitpossibletodoubletheyield.However,Increaseshavebeendisturbedtosome

extentbyweatherconditions.Worldwidewheatproductionandyieldarediscussedinthefollowlng

text.
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4.1.3RegionalProductionandSupp一y

AsshowninFigure4.4,theworldwideproductionofwheathasincreasedbymorethan350

miuiorLtonsSincethelate1970S.Thehighestproductionrecordedwasin1997,at613.27mi11ion

tons.Withinabout25years,globalwheatproductionnearlydoubled.Wheatproductionindeveloped

nationsincreasedfrom90milliontonsto137milliontonsduringthisperiod,anditmorethan

doub】edindeveloplngCOuntries.

Ontheotherhand,theworldwidewheatsupplyforflourmillingandforfeedhasshownan

increaslngtrend,asshowninFigure4.5.Withthepredictionofdepressedwheatproduction,the

supplywasexpectedtodecreaseslightlyafter1997;however,itgraduallyincreasedagalnin2(X札
650

600

550

500

0

0

0

0

0

0

0

0

5

0

5

0

5

0

5

0

4

4

3

3

2

2

1

1

(
SU
O
!m
u
J
u
!)
S
u
O
L

(S
U
O
!TT!u

U
!)
Su
O
L

650

600

550

500

0

0

0

0

0

0

0

(U

5

0

5

0

5

0

5

0

4

4

3

3

2

2

1

1

1970 1980
Year

1990 2000

1990 2000

Figure4.5RegionalChangesinWheatSupply

ー23･



TheslowestgrowthisprojectedforAfricaandAsia.Am ongthemainfactorscontributingto(his

deceleralionissagglnggrowthinyieldimprovement,OwlngmostlytowaterscalCltyproblems

coupledwiththemorelimitedpossibilitiestobringnewlandintoproduction.InAfrica,harvested

areaisprqjectedlocontractinmostwheatgrowlngCOuntries,exceptinEgypt,Ethiopiaand

Tanzaniawhereplantingsareprojectedtoexpand,albeitslightlyandataslowerpacethaninthe

1990S.InAsia,mostcountriesarelikelytoregisteranincreaseintheirproductionbuHhegrowth

wouldbemoresubduedthaninthe1990S,especiallyinIndiaandBangladesh,mainlydueto

reducedplantings.InChina,thegradualshiftawayfromquantitytoqualitygminswouldalsolimit

growthinplantedareas.

4.I.4StockofWheat

4.1.4.1Stock-to-consumptionRatioofWheat

Figure4.6showsthechangeofstock-to-consump(ionratio(world).Thestock-to-Consumption

ratioisdecreaslngCOntinuallysince1998.Nowitisthelowestinlast30years.Accordingtothe

reportofFAO,ifthera(ioislessthan18%,itwillbeadangerousstate.Nowsincethe

stock-to-consumptionratioisabove20%,itshouldberegardedassafety.
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Figure4.6Stock-to-consumptionRatioofWheat(World)

4.1.4.2StockofWheatinChinaandWorld

Thewheatamountofstockisabout200milliontons.Amongthem,thestockofchinaoccupleS

thehalfoftheworld.AsshownintheFigure4.7,thestockofchinareducesfom 129milliontonsof
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Figure4.8ModelFramework

4.3FactorAnalysisoEPopulationinRelationtoWheatProductionandSupp一y

4.3.IWheatProductionandSupplyinRelationtoPopulation

Acountry-by-Countryanalysisofwheatproductionandsupplyshowssharpdifferences,makingIt

difficulttobuildalong-termforecastlngmodel.Consequently,researchinstitutionssuchastheFAO

andIFPRIhavecomeupwithdifferentpredictions.
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Inthispaper,wedealwiththewheatproblemonacontinent-by-continentbasis(Kubo2(氾4),
whichallowsasmootheranalysisofannualchangesinproduction,supply,andimport/export.ne

relationshipbetweentheproductionandsupplyofwheatcantherebybeobtained,andmoreprecise

predictionscanbemade(Kubo2(氾5).Here,accordingtotheFAO,therearevariouswaysof
definingsupplyand,infact,variousconceptsareinuse.Theelementsinvolvedareproduction,

imports,exportsandchangesinstocks(increasesordecreases).Thereisnodoubtthatproduction,

importsanddecreasesinstocksaregenuinesupplyelements.Exportsandincreasesinstocksmight,

however,beconsideredasutilizationelements.Accordingly,thefollowlngarepossiblewaysof

definingsupply:

Supplyfordomesticutilization=production+imports-exports+changesinstocks(decreaseor

increase).niscorLCeptisusedalsointhisresearch.

Forthisstudy,WeusedthedataofannualproductionreportsbytheUNandtheIn°,ne

populationofeachcountrysince1961andthevariousconditionsforwheatproductionwere

examined.TheareasinvestigatedwereAsia,Africa,Europe,NorthandCentralAm erica,South

Am erica,andOccanla,aSWellasthewholewor]d.Weespeciallydirectedourattentiontoareas
wheretherearefわodshortages.

Weinvestigatedthevariablesthathaveinfluencedwheatproductionandsupply.Theregression

modelwasusedtoanalyzeeveryareabymakingpopulationoryearanexplainingvariable.We

presumeEquation(1)-(3).

Pz(()-azPOPz(i)-bz (1)

Pz(t):I,year;Z,productionwithinanarea

POPE(t):t,year;Z,populationwithinanarea

az,bz:Z,areacoefficient

Pz(i)=art-bz (2)

Pz(i):I,year;Z,productionwithinanarea

∫:year

az,bz:Z,areacoefficient

Sz(I)-czPOPz(t)-dz(3)

Sz(i):I,year;Z,supplywithinanarea

POPE(t):I,year;Z,populationofanarea

cz,dz:Z,areacoefficient

Figures4.9-4.llshow thescatteringdiagram andaregressionlinebetweenproductionand

population,productionandyear,supplyandpopulationintheeveryarea.Theresultsofregression

aresummarizedintoTable4.1-4.3

-27･









Table4.1showsthaHhecorrelationbetweentheproductionandpopulationishighinAs ia,Africa,

andtheWorld.Whenthepopulation isusedasanexplanationvariable,thecoefficientof

deteminationofNorthandCentralAmericaandOceanla,islowerthanthatinotherareas.Asia

leadsintheproductionofwheat;Europeissecond,andNorthandCentralAm ericaarethirdinthe

world.TheobjectivebehindwheatproductionillNorthandCentralAm ericaistoimprovetheir

businessopportunities;asaresult,itispossiblethattheproductioncouldbedestabilized.

Table4.1RegressionResultbetweenProductionandPopulation

DepeTLdentVarhbLes(Area)
Z

Asi■

Europe

World

Ah･icA

North良CeAtrdAm eritl

Oc伽 iJL

SouthAm eric■

CocmcieTLLs Iva)ue LinearR A SE FyJheDW

JL b A b 肝OPle

o.105 1134.436.74･17.05 0.971 0.9855ll.606 1350 0.507
0.1679.73546.621 0.7010.523 0.7231 18.73 43.84 0.438

0.122-116.725.41-5.184 0.942 0.970429.413 645.77 0.858
0.0210.118713.46 0.139 0.819 0.90511.6877 181.29 2.193
0.2030.11896.555 0.01 0.518 0.719612.999 42.963 0.532
0.7664.1095.867-1.302 0.463 0.68013.8588 34.417 1.804
0.056-0.04710.57-0.034 0.737 0.85822.1332 111.81 1.65

Table4.2RegressionResultbetweenProductionandYear

DepeTLdeAtVJLrhbl郎(Area) CoerrLCieTItS IYalue LinearA
I a b A b

R SE Fy■bLtDW

Ash

Europe

World

AfricA

Nortll良CehtrAlAm eric1

0ceAniA

SouthATTLerica

5.298-1035234.16-33.67 0.966
1.995 -385418.23-17.770.890

9.265-1791725.03･24.42 0.939
0.293･569.6 13.2-12.94 0.810
1.074 -20506.927･6.6720.539
0.304-588.16.374-6.222 0.498
0.296 -572ll.13･10.86 0.751

0.982912.623

0.94358.9037

0.968830.123

0.89971.8068

0.734312.613

0.70553.8807

0.86682.1628

1166.7 0.449

332.38 1.192

626.46 0.813

174.2 1.931

47.989 0.649

40.629 2.083

123.93 1.687

Table4.3RegressionResultbetweenSupplyandPopulation

DepeTLdeAtVAriAbles(Area) CoerrLCieTLtS IYAlue LirLearR

z c d c A

A SE FyJLbICDW

AsiA

Europe
World

ArricA
North良CentraIAm erica

Oceania

SoulIIAnerjca

0.127･158.7 46.7121.42 0.982
0.327166.4439.31-14.68 0.975
0･125 ･133･531199-7･376 0.963
0･065 -8･7366･49116168 0.991
0.153 -21.3824.2218.714 0.938
0.248ll.84110.52-3.268 0.740
0.066 -0.40539.28-0.945 0.975

0.991210.617 2181

0.98765.9492 1545

0,981522.996 1023.5

0.99561.0067 4420.7

0.9683 2.556 586.53

0.860.6676 110.75

0.98760.6441 1542,8
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Tab)e4.2Showsthatthecorrelationbetweentheproductionandyearishigh inAs ia,Africaand

World.Whentheyearisusedanexplanationvariable,thecoefficientofdeterminationofNorthand
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CentralAmericaandOceaniaislowerthantheotherareas.Asialeadsintheproductionofwheat;

Europeisthesecond,andNorthandCentralAm ericaarethird-rankedintheworld.Theobjective

behindwheatproductioninNorthandCentralAm ericaistoimprovetheirbusinessopportunities;as

aresult,theproductionisunstable.Theexplanationvariableinproductionisthefiscalyear.Tnthe

caseofafiscalyear,ilisassumedthatvariousfactorsarecontained.

Takingpopulationasanexplainingvariable,aclosecorrelationisobservedinTable4.3.Although

thecoefficientofdeterminationofOceaniais0.740,mostareashaveacorrelationinexcessof0.9.1t

isclearthatpopulationcouldbeusedtoexplainsupplyasavariable.

43.2Re]ationshipsbetweenSuppJyandProduction

Figure4.12showstherelationshipsbetweensupplyandproductionintheeveryarea.Asshownin

theFigure4.12,highcoefficientofdeterminationcanbeobtainedfromtheWorldandAsiarather

thanl九ewholeareas.

InthecaseofAsia,thecoefficientofdeterminationisveryhigh (0.9901).Onepossible

explanationisasfollowlng.Sincethereisnomarginforwheatbusinessofworld,theproductionof

AsiaiscontributedgreatlytothesupplyofAsia.

High coefficientofdeterminationcannotbeenseenintheNorth&CentralAm erica,Europeand

Oceania.Themostlylikelycauseisthatthepurposeofproductionisforwhea(businessofworld.So,

thechangeofproductionislackofstability.

InAfrica,thecoefficientofdeterminationishigh,butmorethan0.9cannotobtainedbecausethe

productionofwheatisatriSksuchasnaturalcalamitiesandcivilwar.SouthAm ericacanbe

self-supportinsomeextent.Thehighercoefficientofdeterminationcannotbeobtainedduetothe

changeofproductionisbig.

Bytheaboveanalyze,HighcorrelationisseenintheshortageareasuchasAsiaandAfrica.ne

relationshipbetweensupplyandproductioninshortageareaismorecloselythansurplusarea.The

closerelationshipisanimportantfeatureintheshortagearea.
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4.3.3MuJtipleLinearRegressionAnaJysisofNorth&Centra一AmericaandOceania

Inordertoimprovetheaccuracyofregressionanalysis,Weputareaofharvestorchangeof

stockasparameterintotheregressionanalysis.InthecaseofNorth良CentralAmerica,weput

areaofhaⅣestintotheregressionanalysisofproductioninequation4.

P(i)-at+bA-C (4)

Here,P(t):production;I:year;A:areaofharvest;a,b,C:coefficient.Theresultofregression

analysisisshowninTable4･4･TheR2canbeincreasedtoO･90･

Table4.4MultipleRegressionResultofNorth&CentralAm erica

ModelSumrnary

AdjustedR Std.Errorof
theEstimate
5.757648905

a･Predictors:(Constant).Area.Year

CoefFicientsJ

Model UnstandardiZedCoefficients StandardizedCoefficients t Si£.B Std.Error Beta

1 (Constant)-1632.317 144.144 .561 -ll.324 .000Year .820 .074 ll.149 .000

a･DependentVariable:Production

ontheotherhand,whenweputchangeofstockintotheregressionanalysisofproduction,R2is

lower(0.71)than0.90.So,theareaofhaⅣestisalsoimportantparameterinNorth良Central

America.

InthecaseofOceania,Weputchangeofstockintotheregressionanalysisofproductionin

equation5.

P(t)-at+bS-C (5)

Where,P(I):production;I:year;S:changeofstock;a,b,C:coefficient･Theresultofregression

analysisisshowninTable4･5･TheR2canbeincreasedtoO･81･
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Table4.5MultipleRegressionResultofOceania

ModelSLJmmarY

Model R RSquare AdjustedRSquare Std.En.oroftheEstimate

a･Predictors:(Constant),Stockchage,Year

CoefFicientsA

Model UnstandardizedCoefficients StandardizedCoefficients t Sig.B Std.Error Beta

1 (Constant) -604.752 58.413 .737 -10.353 .000Year .312 .029 10.590 .000

a･DependentVariable:Production

ontheotherhand,whenweputareaofharvestintotheregressionanalysisofproduction,R2 is

lower(0.65)than0.81.So,Changeofst∝kisalsoimportantparameterinOceania.

4.4SurplusandShorbgeillEveryRegion

4.4.ITheViewpointorProductionandSuppJy

Thesurplusandshortagearethedifferenceinproduction(P)andsupply(S)ineveryregion.lfthe

differencebetweenwheatproductionandsupplyispositiveinaparticulararea,therewillbea

surplusfromtheviewpoiTltOfproductionandsupply.Ifnot,therewillbeashortage.Thesurplusand

shortageareshowninFigure4.14.AsiaandAfricaareshortageareas.nesurplusareasareEurope,

NorthAm erica&CentralAn erica,andOceania.
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Figure4.14SurplusesandShortages(EveryArea)
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4.4.2TheViewpointofNetImports

Ifthedifferencebetweenwheatimportandexportispositiveinaparticulararea,therewillbea

surplusfromtheviewpointofNetimports.Ifnot,therewillbeashortage.Figure4.15showsthe

situationofnetimportsineveryarea.Figure4.16showsthesituationofimportcountriesinthe

world.WemakeacomparisonbetweenFigure4.15andFigure4.16.Itisclearthattheimportant

countriesdecidethetradetrendintheirarea.
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4.4.3ComparisonorTwoViewpoints

Figure4.17and4.18Showssurplusandshortagefromtwoviewpoints.Bycomparison,Wefind

thesametrendexistsintheeveryareaexceptEurope.ThecauseofEurope lSaStatisticsproblem

fromFAO.Before1991,thestatisticsofEurope doesnotincludeUSSR(UnionofSovietSocialist

Republics).SinceUSSRdissolvedin1991,thestatisticsof払 0 alsomadeachangethatthe

EuropeanpartofUSSRwasaccountedintoEurope.SothedifferenceofthetrendisseeninEurope

after1991.IfwemakeacomparisoninEU12asshowninFigure4.19,thesametrendcanbe

obtained.
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5FutureoEMaritimeTr&nsportation

4
.
5
.
IAbouttheForecasting

TheForecastingPr∝essissummarizedintheflowdiagraminFigure4.
20
.
Firstly,t
he

collectionandexaminationofappropriatehistoricaldataaredescribed･
Thenweshouldchoose

theforecastingmethodanddecidetheforecastperiods.
Iftheseelementsareaccepted,wew
ill

maketheforecasting.
Ifnot,wes
houldreexaminethedataandmethod.
Whenwewillmakeaforecast,t
heselectionofmethodbecomesverylmPOrtant･
Table4･
6

givesthetechniqueofforecastlng.
Therearemanymethodsinthetable.
But,cons
ideringthe

limitofresearchdataandforecastingcost,wec
hoosetheregressionanalysesforourprediction

tomakethemedium-rangeforecastlng･
Theregressionanalysesarealsooftenappliedinto

variesresearchandcanexplainthecauseandeffectrelationshipbetweentheinputandits

Output.
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Figure4.20ForecastingProcess(Hanke,∫.E.,etal.2001)
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Table4.6TechniqueofForecasting(Hanke,J.E.,etal.2001)

ComEnLter
MetJzod Descr¢･ELon Applications cost Nuessa

CatJSaJFm astingModels

Regrcssion Explanatoryforecastlng;
analysis

MuJtipJe
regrcssion

assumcsacausc･and-

effectrelationshipbetween
l九einputtoasystemandits

OutPut

ExplaJlatOryforecasting;
assumesacause-and-Cffecl
relationship tktWeen mCWC
thanoneInputtOaSystem
anditsoutput

TheSeriesForecastingModeJs

DccomposiIion Exploratoryforecasting;
mcthod assumesacause-aJld-

effcctrelationshiptXtween
limcandthe伽tPutOfa
system;thesystemis
dccompwcdintoits
COmPOnentS

Moving

aVerageS

Toeliminaterandomnessin

atimeseries;foreGISt

bascdonprojection血･om
timcseriesdatasmoothed

byamovlngaverage

ExponcntiaJ Similartomovlngaverages
sm00thjng butvaluesweightcd

exTX)nCntially,由vingmore
weighttomostreoentdata

Autorcgressivc Employcdwitheconomic
mdels variablesloa∝ otmtfor

relationshipsbctwecnadjacent
obscrvationsinatimeseries

BoDE･Jenkins D∝snotassumeanyparticular

tcclmiques pattcrninthehistoriCaldataof
theseriestobcforecast;usesan

itcrativeapproachof

NcuTal
nctworks

identifyingandGttinga
po防iblyuscfuJm∝leJ丘om
ageneraldassofm(dcls

Usessophistiatedcomputer
prqgramtoassimilate

relevazltdataandre甲即lZe
pattemsby.-1eamuQ;aS
hurruJbdo

Sh汀t-andmedium-range

forecastingofexistingproduds IAWtO Usually
andscrvi(芳S;marketing
strate由cs,produdion,
persw elhiring,and血cility
plaJnlng

Sameasatnve

Medium-rangefq ecastingfq

newplantandcqulPment

plaJming,血ancing,new-prdud
dcvclopmcnt,andnewmeth∝ls

ofassembly;shod-range

forecastingfqpe榊 InCJ,
advertising,1nVCntDry,financlng,
andprodudionpJannlng

Shαt-r肌gebrccastsb cpcra-
tio払SUChasinventαy,
Schcduling,皿 叫 pidng,aJXI
TimingsfXCialfrCm dio帖;used
tom putctx*htheseasonal
andcydLical00m叩 CntSf血the
shαt-tcrTndecompaition
methd

Shod-Tangeforccastsfq
operationssuchasinventory,
scheduling,C伽trOl,pnqng,aJld
timingsTXCialpromotions

Shod-andmedium-r弧gefqe-
astingforeconomicdata
orderedinatimescrics;pn∝,
inventory,prdudion,St∝k,
andsales

Sameasatx)ve

hcrcaslnguSeinavarietyof

ftxccastinga押Iiatio帖;isin

developmentphase

medium

lj)WtO Yes
medium

Lowto Yes

medium

l上w r＼b

bw Yes

Medium Yes

High Ycs

High Yes
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4.5.2ShortagePrediction

WepresumeEquation(6)and(7)tocalculatetheshortageinthefutureaccordingtotheviewpoint

ofproductionandsupply.Equation(6)istheScenario1basedontheequation(1)and(3).Onthe

otherhand,equation(7)istheScenario2basedontheequation(2)and(3).

shortage(t)-Pz(t)-Sz(t)-(az-cz)popz(t)-(bz-dz) (6)

shortage(i)-Pz(i)-Sz(i)-(azt-czPOPz(i))-(bz-dz) (7)

WherePz(i):zarea'sproduction,I:year,az,bz,cz,dz:thecoefficientsforthezarea,Sz(i):

zarea'ssupply,andPOPz(t):zarea'spopulation.

Theshortageofscenario1isshowninFigure4.21byalong-termprediction.neworldwide

balanceofproductionandsupplycanbemaintainedtheoreticallyonacontinenトby-continentbasis.

InthecaseofAsia,itsshortagewillincreaseto81.6milliontonsin2030.InthecaseofAfrica,its

shortageisexpectedtobe55.7milliontons;itismoreseriousthanthatofAsiabecauseitsspeedof

increaseisrapid.neworldwideshortagewillbe137milliontonsin2030.
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Figure4.21WわrldwideShortages(Scenario1)

Theshortageofscenario2isshowninFigure4.22bylong-termprediction.Theworldwide

balanceofproductionandsupplycanbemaintainedtheoreticallyfromacontinentalviewpolnt.In

thecaseofAsia,theshortagewilldecrease,butAsiawillstillneedtoimport50mi11iontonsin2030.

lnthecaseofAfrica,theshortageisamoreseriousbecauseitcontinuestoincrease.Theworldwide

shortagewillbe110milliontonsin2030,andtheshortageinAfricaisexpectedtobe60million

tonsmorethanthatinAsia.
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4.5.3.4RelationshipsbetweenlmportsandMaritimeTransportation

lnthecaseofAsia,North-CentralAm eriCaandOceaniaareveryImportantexporterstOAsia.The

exportshareofwheatofthetworeglOnSWas97%in1980,butitdeclinedto78%in2柵.Evennow,
thetworeglonsremainimportanttoAsia.IfwheatistransportedfromNorth-CentralAm ericaand

OceaniatoAsia,maritimetransportationmustbeused.Theexportsha一eOfwheatinEurope is9%

ontheaverageof1989-2001.InEurope,theEUandRussiaarethemostimportantexporters.lfcost

andefficiencyareconsidered,transportationbyseashouldbechosen.Onthecontrary,Some

countriesimportwheattoAsiabyland,butlandtransportationiscomparativelysmall.Mostofthe

wheatismanagedbymaritimetransportation.)nthecaseofAfrica,cargoshouldbeshippedfrom

otherregionsbecauseAfricaissurroundedbysea.Inthisresearch,wheaHoAfricawillonlybe

managedbymaritimetransportation.Therefore,here,theimportswillmakeupthevolumeofthe

maritimetransportation.Atleast,thevolumeofimportswasnearlyequivalenttothetotalmaritime

transportation.nerefore,inthisstudy,Weconsiderthevolumeofimportslobethevolumeof

maritimetransportation.

4.5.4VohmeoEMaritimeTransportation

lnthefollowinganalysis,wepresumeEquation(8)andEquation(9)tocalculatethemaritime

transportationinthefuture.

MT̂S.lo(t)=10.803+0.72075ShortagêS.･o (8)

MTAP.lcq(t)=0･60295+0･9848ShortageAp,･cn (9)

Theshortageisusedtoestimatefuturemafitimetransportation.Theresultsofscenario1are

showninTable4.7.From theresultsforAsia,thevolumeofthemaritimetransportationfrom

foreigncountriestoAsiaisexpectedtobe69.58milliontonsin2030.Thevolumeis1.28(imesthat

of2005.Ontheotherhand,wheatshipmentsofabout55.5milliontonswillbeneededinAfrica

fromforeigncountriesin2030,Thevolumeis1.78limesthatof2005.

Table4.7PredictionsofMaritimeTransportationinAsiaandAfrica(mi1.I)

2005 2010 2015 2020 2025 2030 2030/2005(times)
Asia 54.44 57.96 61.42 64.59 67.32 69.58 1.28

Afhca 31.27 35.66 40.37 45.28 50.33 55.5 1.78

Theresultsofscenario2areshowninTable4.8.FromtheresultsforAsia,thevolumeofthe

maritimetransporLationfromforeigncountriestoAsiaisexpectedtobe49.49milliontonsin2030.

Thevolumeis1.24timesthatof200.0ntheotherhand,wheatshipmentsofabout61.29million
tonswillbeneededinAfricafromforeigncountries

Table4.8PredictionsofmaritimetransportationinAsiaandAfrica(mi1.I)

2030/2000(times)
Asia 1.24
A什ica 2.71
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4.5.5Ro]eoftheWTO

TheWTOhasanimportantroletopromotetheintemationaltradeoffood.Byreducingsubsidies

tofarmers,thecustomsduties,andimportquotasbasedonagriculturalagreementsgovernedbythe

WTOurgedcommercialliberalization.TheestablishmentofthetradebloccalledtheEUunification

marketandNorthAm ericanFreeTradeAgreement(NAFm)removedthebarrierofregionaltrade

andhelpedmakethetradeoffoodprosperous.Ifafree-tradepolicylSPromoted,thetradeoffood

willaccelerate.lnaWTOmeeting,removlngthebarrierofintemationalfoodtradeisbeing

discussedbytheCaimsGroup,whichismadeupofprimaryfood-productionandfood-exporting

countries.Here,whetherfoodtrade,includingwheattrade,isgeneratedornotdependsonthe

subsidiesandcustomsdutiesinthevariousareasandthemarinetranspor(ationfees.Whetherornot

thecargoisacandidatefortradedependsonthesubsidy,customsduty,andmarinetransportation

feeofeachcountry.Underthecurrentconditions,theWTOhastheauthoritytoremoveregional

tradebarriers.Becausefoods,suchaswheat,areessentialtolife,itwouldseemthattheregulations

govemlngtheirtradewouldrequiredifferentstandardsthanthoseforindustrialproducts.This

researchfocusesonbuildingamodelformaritimetransportationtoachieveworldwidebalanced

productionandsupplyofgrains･

4.5.6ImprovementoftheWheatDistributionSystem

TTLeWOrldwidegrossproductionofcerealgminsincreased2.3times,fromabout900milliontons

to2,100milliontons,from 1961to2000,accordingtoFAOstatistics.Thisincreasewasgood

becauseithelpedtosupporHhegrowlngpopulation.From1961to2000,theaverageannualrateof

increaseforcerealproductionwasabout2.1%,exceedingthepopulationgrowthrate.Tnspi(eofa

markedincreaseinpopulation,theamountofcerealproductionintheworldincreasedataspeed

beyondtheincreaseinpopulationduringthisperiod,andthepercapitaamountofcerealproduction

alsoincreasedslightlyasaresult.neabovestatisticsseemtoimplythatthegrowlngPOPulationcan

bemaintainedbyincreasedcerealproduction(Bemard2002).However,accordingtoFAOestimates,

about800 millionpeopleworldwidesufferfrommalnutrition.As akeytransportationwayofthe

worldwidecerealtrade,Maritimetransportationtoeverycontinentmustbeincreasedinthefuture;

meanwhile,thedistributionofwheatmustbeimproved,

4.6Conclusions

WheatistheprlnClpalfわodforabouthalfoftheworld'spopulation.Thesupplyofwheatis

increaslngWiththeincreaseinpopulationInthischapter,Wepursuedtherelevantvariablesinterms

ofthewheatsupplyanddemandineveryreglOn.Furthermore,thepresumedmodelofwheat

productionandsupplylnareasWithfoodshortageswasbuilt,Thenmaritimetransportationwas

estimatedfromshortageinAsiaandAfrica.Bytheaboveanalyze,theresultsaresummarizedas
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follows:

1. Untilnow,although country-by-Countrypredictionsareoftenresearched,theyarehardtobe

estimaled.Inthischapter,wedealwiththewheatproblembythecontinentalmethodandgood

continenl-by-continentresultswereobtained.Theaccuracyofthemodelandthereliabilityof

theresultswerehigh.

2. UsingJX)PuIationsoryearsasavariable,ahigh correlationisobtained,especiallyinthe

shortageareas;therefore,itispossibletoestimatewheatproductionandsupply.

3. Acontinentalpresumedmodelofwheatproductionandsupplywithfoodshortageswasbuilt.

4･ Sufficientwheattosupportthegrowlngpopulationcanbesecured.

5. Wededucedanewmethodtoestimatethemaritimetransportationofthefuture.Inotherwords,

wediscoveredahigh correlationbetweentheshortageandtheimportvolume.nerefore,the

shortagecanbeusedtoestimatethemaritimetransportation.

ThewheatshortagesinAsiaandAfricaareespeciallydependentonproductioninNorthand

CentralAm erica,Oceania,andEurope.lnordertosolvetheworldwidewheatshortageproblem,itis

necessaryfortheUNtoimproveitsfoodplanandtoestablishanewmaritimegraindistribution

System.
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5.2IntermationalTradeorWheat

Now,【九eintemationalwheatmarketisanoligopoly,whichincludestheUnitedSlates,Canada,

theEU,Australia,andArgentina.Thesecountrieshold85%ofthewholeshareintheintemational

market.Changeofthesecountries'exportwillgreatlyaffecttheintemationalmarketofwheat.In

followlngtest,WeWilldiscussthesituationofwheattrade.

5.2.ITradeoEAsia

Theexpor(sfromvariousreg10nStOAsiaareshowninFigure5.2.Figure5.2showsthat:

(1)TheimportvolumeofAsiaisinthefollowingorder:North-CentralAm erica,Oceania,and

Europe.EuropestartedtoexporttoAsiainthe1990S.

(2)ImportsfromNorthandCentralAm ericaaredeclining.

TheimportantpartnercountriesofAsiaaretheUnitedStates,Canada,andAustralia.Figure5.3

showsthattheexportvolumefromtheUnitedStates,Canada,andAustraliatoAsiarepresents

almosttheentirevolumeofexportstoAsia.
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5.2.2TradeorAfrica

TheexportsfromvariousreglOnStOAsiaareshowninFigure5.4.Figure5.4showsthat:

(1)ThevolumeofimportsfromNorthandCentralAm erica,Europe,andOceaniaislarge.Europe

begantoexporHoAfricainthe1990S.

(2)TheexportsfromEuropeareincreasing.

TheimportantpartnercountriesofAfricaaretheEU,theUnitedStates,Canada,andAustralia.

Figure5.5ShowsthattheexportvolumefromtheEU,theUnitedStates,Canada,andAustraliato

AfricarepresentsalmosttheentirevolumeofexportstoAfrica.
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5.2.3TradeorotherAreas

Figure5.6Showsthechangeoftradeintheotherareas.AspartnerareasbetweenNorth良Central

Am ericaandEurope,thetradevolumeisthemosLltcanbeconsideredthatthedifferentsortsof

wheatareexchangedbetweenthem.InthecaseofOceaniaandSouthAmerica,thevolumesfrom

North良CentralAmericaoccupymostly.
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5.2.4TheFtJtureOfWheatTrade

As awhole,theexportsfromNorthandCentralAmericarepresentatleastonehalfofthe

worldwidemarket.Europewasparticularlysignificantbeforethe1990S.ItisbecauseEuropebegan

topaysubsidiestoitsfarmersasanagriculturalpolicy;afterthat,itsexportsbegantoincrease.

Globalwheattradeisprojectedtoexpandsignificantlyduringtheoutlookperiodafterslow

growthduringthe1990S.Risingbynearly2percentperyear,worldtradeinwheatwouldreachthe

all･timehigh of129mi11iontones.Nearlyallofthisexpansionwouldbcattributedtohigherimport

demandamongthedeveloplngcountries,especiallyChina.Atthecurrentlevel,thisexpansion

wouldbemostlyonaccountofacontinulngrapidincreaseinimportdemandinAsiaandAfrica,

capturing43percenLand23percentrespectivelyoftheglobalshare.

Ontheexportside,theoverallshareofthetraditionalmaJorexportersisprojectedLodecline

slightly.Australia,CanadaandtheUnitedStatescouldfindtheirmarketsharefall,eventhough this

wouldnotnecessarilyimplyadeclineintheabsoluteleveloftheirexports.Wheatshipmentsby

A喝CntinaandlhcEU(15)areprojectedtoincrease,leadingtosomeincreascintheirmarketshare.

53ShreAnalysisoEthelnterhationalWheatExportMarket

Theexpor(sharestoAsiafromOceania,NorthandCentralAn erica,andEurope areshownin

Figure5.7.Figure5.8ShowsexportsharesfromNorthandCentralAm erica,Oceanla,andEurope

together.WhenacorrelationcoefficientwascalculatedfortheannualmarketshareofNorthand

CentralAm erica,Europe,andOceaniafrom1980to2001,theresultshowedastrongnegative

correlationofA.92(Figure5.9).AnegativecorrelationalsowasseenforAfrica(Figure5.10-5.12).

TheexportvolumefromEurope andOceaniaincreasedwhentheexportvolumeofNorthand

CenlralAm ericadecreased.Inotherwords,forthe20yearsindicatedabove,whilethemarketshare

ofEurope andOceaniawasincreaslng,themarketshareofNorthandCentralAm ericawas

decreasing.Although theworldwheatmarketisinfluencedbyallthreeareas,ltisthoughtthatthe

abovestatisticsaredirectlyrelatedtotheagriculturalpolicyofNorthandCentralAm erica.
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IM,･,=a'POP,'β+GDP,'Y'∂,'γ,H i,(I)

whereIM"(importofAsiancountries)isthedependentvariable,andPOP,randGDF,Tisa

k-vectorofregressors,andci,aretheerrortensfori=1,2,-,McrossISeCtionalunitsobservedfor

datedperiodst=1,2,.",T.Theaparameterrepresentstheoverallconstantinthemodel,whilethe

∂iandy,representcrossISeCtionorperiodspecificeffects(random orfixed).Identification

obviouslyrequlreSthatthecoefficientshaverestrictionsplaceduponthem.Theymaybedividedinto

setsofcommon(acrosscross-Sectionandperiods),cross-sectionspecific,andperiodspecific

regressorparameters.Butinthissection,weonlydiscusstherandomeffectsandfixedeffects.

Missingdataareverycommoninpaneldatasets.Thesituationexistsinthewheattradenowdata.

Forthisreason,weselectiontheunbalancedpanelstoanalyze.

5.5.2RandomEFrects

Firstly,wemaketheanalysesuslngtherandomeffectsmodel.neestimationmode)canbe
rewrittenas:

IMi,-α+POP,'β+GDP,'Y'∂,A'6,.,(2)

rmemodelshouldbeappliedusingthegeneralizedleastsquaremethod(GI･S).Table5.1presents

theresultofraJldomeffects.Furthermore,theR-squaredisverylow(0.011).Figure5.15showsthe

residualandactualandfittedvalue.Theaboveresultshowsthefitisnotgood.

Table5.1TheResultofRandomEffects

CocfrICicnt Std.Error I-Statistic Prob.

744726.9 132287.1 5.629627 0.(XX氾

1.403947 0.481534 2.915572 0.0036

0.349131 0.121922 2.863560 0.0043
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5.5.3HausmanSpecificationTestfortheRandomEffectModel

TheHausmanspecificationtest(Hausman1978)istheclassicaltestofwhetherthefixedor

random effectsmodelshouldbeused.Theresearchquestioniswhetherthereissignificant

correlationbetweentheunobservedperson-Specificrandomeffectsandtheregressors.Ifthereisno

suchcorrelation,thentherandomeffectsmodelmaybemorepowerfulandparsimonious,Ifthereis

suchacorrelation,therandomeffectsmodelwouldbeinconsistentlyestimatedandthefixedeffects

modelwouldbethemodelofchoice.

Thetestfわrthisco汀elationisacomparisonofthecovariancematrixoftheregressorsintheleast

squaresdummyvariables(I.SDV)modelwiththoseintherandom effectsmodel.nenull

hypothesisisthatthereisnocorrelation.)ithereisnostatisticallysignificantdifferencebetweenthe

covariancematricesofthetwomodels,thenthecorrelationsoftherandom effectswiththe

regressorsarestatisticallyinsignificant･TheHausmantestisakindofWa]dx2testwithk-1degrees
of freedom (where k=number of regressors) on the difference matrix between the

variance-covarianceoftheuiDVwiththatoftheRandomEffectsmodel(Greene,2003.).

Table5.2presentstheresultofllausmantest.Accordingtheresultthetest,nullhypothesisis

rejected.So,themodelwillbeafixedeffectmodels

Table5.2TestCross-sectionRandomEffects

TestSummary Cbi-Sq.StatisticChi-Sq.d.f. Prob.

Cross-sectionrandom 95.865837 2 0.0000
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5.5.4FixedEffect

Thefixedeffectsmodelcanalsoberewrittenas:

IMi,-a'POL::β+GDP,'Y'yj'Ei,(3)

ThemodelisusuallyreferredtoasLSDVmodel.Table5.3presentstheresultoffixedeffects･

Furthermore,theR-squaredisveryhigh (0.71).Figure5.16showstheresidualandactualandfitted

value.neaboveresultshowsthefitisverygood.Intheabovediscussed,wecandrawaconclusion

thattheimportofwheatisdependentontherxIpulalionandGDPofAsiancountries.

Table5.3TheResultofFixedEffects

CoefrlCient Std.Error I-Statistic Prob.

C 1296769. 70555,17 18.37951 0.(XX氾

POP -2.642918 0.707229 13.737003 0.tI伽)2

GDP 0.234866 0.140260 1,674500 0.0943

12.(X札∝氾

8,M ,(X0

4,∝札CKX)

0

4,∝札Oα)

J,(X沿,∝氾

+1山 ■∋LIL.̂ A.礼-1_▲_｣ _.AJ_▲-.-_AA ..

250 5m 750 1∝氾 1250 1500
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Figure5.16TheResidualandActualandFittedValueofFixedEffects
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5.6Conclusions

neresultsaresummarizedasfollows:

1. Anegativeco汀elationamongsu叩lusareasisobtainedforthemarketshareofwheat.

2. UsingtheprogramEXCELVBA,webuildtheODtablesintheAsiaandAfrica.

3. Bythepaneldataanalyses,wefhdthattheimportofwheatdependentsonthepopulationand

GDPofAsiancountries.
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canbeobserved.
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Figure6.6ImportofKorea

Ontheotherhand,inthecaseofpartnercountries,AsiaimportswheatfromEurope,Northand

CentralAmerica,SouthAmerica,andOceania.From1980to1998,42Countriesimportedwheat

fromtheother23countries,including4NorthandCentralAmericancountries,13European

countries,5SouthAmericancountries,and1countryinOceania.
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Figure6.7ExportsfromtheUnitedStatesloAsia(Tわns)
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TheexportvolumeisshowninFigure6.7.日sanexportlngcountry,andjisanimporting

country.Forexample,exportsfrom theUnitedSlatestoAsiancountrieschangedfrequenlly,

resultinglnanunCIeartrendinthetradevolume･ThetoppartofFigure6･7showstheexport

volumefroml九eUnitedStatestoAsia.ThetotalvolumeexportedfromtheUnitedStatesloAsia

wasratherconsistentandpredictable.Fromacontinentalviewpoint,Figure6.8Showsthatthe

exportvolumefromNorthandCentralAmericaandtheotherareastoAsiaisgenerallyconsistent.

Theinformationaboveshowsclearexportpattemsfromonecontinenttoanother.Asawhole,the

exportsfromNorthandCentralAmericarepresentatleastonehalfoftheworldwidemarket.
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Figure6.8ChangesinExportstoAsia(Tわns)

6.2MaritimeTransportationinShortageAreas(Tbn･Miles)

6.2.IACorICePtualFigureorDistance(theShortestVoyageDistance)

Voyagedistanceistheshortestdistancebetweentheportofimportandtheportofexport.For

example,aconceptualfigureofdistanceisshowninFigure6.9,andinthecaseoftheUnitedStates

andKorea,thevoyagedistanceistheshortestvoyagedistancebetweenNewOrleansandBusan.

NavigationdistancewasobtainedusingdatafromtheWorldwideDistanceChart(JapanNavigating

Officers'Association1990)andWorldDistanceTables(PortsoftheWor]d,LLOYD'S,2006).
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6.2.4ThetraJISPOrtationdistanceorAsia

From acontinentalviewpoint,Figure6.llshowsthatTbn-Milesfrom NorthandCentral

Am ericatoAsiaareverysmooth.TheinformationaboveshowsclearexportTon-Milesfromone

continenttoanother.TTLeresultsofexportsfromvariousreglOnStOAsiaarcshowninFigure6.ll.

Figure6.11demonstratesthefollowlng:

(1)TheTon-MilesofAsianimportsareinthefollowingorder:North-CentralAmerica,Oceania,

andEurope.EuropestartedtoexporttoAsiainthe1990S.Thesameobservationsaremadehereas

intheanalysesoftransportationtons.

(2)TheTon-MilesofimportsfromNorth-CentralAmericaaredecreasingandfromOceaniaare

increaslng.
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Inaddition,Figure6.12showstherelationbetweenthetransportationtonandTon-MileinAsia･

Ahigh correlationbetweenthemcanbeseen.
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6.4.2ForecastiTlgModelforRequiredNumberofWheatBu]kCarriers

Here,thevolumeofimportswillbethevolumeofthemaritimetransportationbecausewhole

wheatwillbeshipped.Inthefollowlnganalysis,thenavigationdaysofavesselareconsideredas

95%of365.Thenavigationdays,annualvoyages,andnecessaryshipsintheexportnavigation

routefromeachexportertoanAfricanimporterweredeterminedusingthefollowlngequations.

D ,･).-& x2･DED･DLU

365×0.95

W,IJ･ W.Jd..)I+W.･)Ix72v W,･)･d.･)･ +W..JA

DW xN.lJ･ DW x4161v B

･sEu-p-As･･a=三豊(蓋W.･J･dt.)I･A真竹) (4)

･sNodh&Centra.- rica- - Z･O -去,蓋(蓋wLjd.i･Aiwlj)
･S- I- merLc0--io-去.i(蓋wupdzj･AiwL･J.)
･S-e-ia-Asia-去,a(蓋W･j･dzj･Aiw･j)
TSAR,.a-TSEu,opeーAsia+TSNonh&Cent.a.A.TWicaーAsLQ +TSsou,AAme,icoーA,,･a+TSoceanLoーAsio

Here,A-72V,B=DW x4152V,i:exporter,J:importer･D,iisthenumberofdays

necessaryforaroundtripfrom itoj;d.)･isthedistancefrom itoj(miles);visthespeed

ofthegrainbulkcarrier(milesnlOur);DEB isthenumberofrequireddaysforenteringand

departingportsinoneroundtrip(3days);DLUisthenumberofdaysrequiredforloadingand

unloadinginportsinoneroundtrip(3days);N,iisthenumberofannualvoyagesofiandj;

TS,)Iisthenumberofshipsforiandj;W,)･istheseabometradefrom itoj(tons);

DWTisthedeadweighttonnageofagrainbulkcarrier.Basedonthismodel,therequirednumber

ofgrainbulkcarrierscanbepredictedfromthemaritimetonsandmaritimeton-miles.
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Figure6.19LeastSquaresFitofPartnerAreas'Share

Figure6.19showstheexportsharefromtheotherareastoAsia.ThepartnerareaofAsiais

North&CentralAmerica,Oceania,EuropeandSouthAm Crica.AlthoughtheexportshareofNorth

&CentralAmericaandOceaniawereabout97%in1980,itdecreasedto78%in2000.Twoareas
arestillimportantpartnerstoAsia.Moreover,theexportshareofEuropeis9%onanaveragefrom

1989to2001inthewheatmarketofAsia.Bycomparison,wefindthattheshareofNorth-Central

Am ericaisdecreaslngandOceaniaandEuropeareincreasing.haddition,theexportshareof

SouthAmericaislowandstable.Wecanmakeapredictionbytheapproximationstraightlineof

exportshareforthefourareas.

6.4.3TheRehtionshjpbetweenIAternaLiona]WheatPriceandResidualofExportShare

lnthesection,WewilldiscusstherelationshipbetweeninternationalwheatprlCeandresidualof

exportshareuslngthecrosscorrelation.

Crosscorrelationisastandardmethodofestimatingthedegreetowhichtwoseriesare

correlated.Considertwoseriesx(i)andy(i)wherei=0,1,2…N-1.Thecrosscorrelationratdelayd
isdefinedas
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r= ; [(x(i)-x-)(y(i-d)-;)]

Wherexandy arethemeansofthecorrespondingseries.lftheaboveiscomputedforall

delaysd=0,1,2,…N-1thenitresultsinacrosscorrelationseriesoftwicetheleng仙astheoriginal

SerleS.

r(d)-
; [(x(i)-x-)(y(i-d)-i)]
∑(y(i)-;)2

(6)

neobservationsofoneseriesarecorrelatedwiththeobservationsofanotherseriesatvarious

lagsandleads.Cross-correlationsareoftenpresentedinaplot.Cross-correlationshelpidentify

variableswhichareleadingindicatorsofothervariables.CCFistheCross-CorrelationFunction.

WeputtimesseriesofintemationalwheatprlCeandresidualintothemodel.Theintemational

priceisconsideredasleadingindicator(hereisy(i-d)).TheresultsareasshowninFigure6.20.If

cross-correlationexceedsconfidencelimit(95% confidencelimit),theintemationalpricewill

greatlyeffectthechangeofexportshare'sresidual.So,thelag-1ofwheatpricehasastrongest

effectontheresidualofexportshareintheNorth&CentralAmericaandOceania.noughthelag

-2ofwheatprlCealsohasastrongeffectontheresidualofexportshareintheSouthAmerica,it

doesn'texceedtheconfidencelimit.InthecaseofEurope,itisdifferentwiththeotherareas

becausethelag40fwheatpricehasastrongeffectontheresidual.Fromtheaboveanalysis,We

alsodrawaconclusionthatthespeculationexistsinthewheatmarketing.
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However,sincethepredictionofintemationalwheatprlCeisdifficult,theintemationalwheat

prlCeisnotincludedintheexportshareofprediction.

6.4.4TransportationTonandTon･miles

Firstofal1,themaritimetransportationtonswillbeobtainedfromscenario1inChapter4.Based

onthepredictionofexportshare,wecanpredictionthemaritimetonsfromtheNorthandCentral

Am erica,SouthAm erica,OceaniaandEurope.Secondly,thepredictionofmaritimetransportation

ton-milescanbedonefromtherelationbetweentonandton-miles.As showninFigure6.21,the

coefficientofdeterminationismorethan0.94,sostrongcorrelationscanbeseen.Itshowsthatthe

partnercountriesoftradedonotchangeinfourareas.Itsatisfiestheconditionsofasufficient

prediction,sotherequirednumberofgrainbulkca汀ierscanbepredictedfromthemaritimetons

andmaritimeton-miles.
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6.5EmissionsolCol

TheKyotoProtocolwasadoptedatthethirdsessionoftheConferenceofPartieslotheUnited

NationsFrameworkConventiononClimateChange(UNFCCC)in1997inKyoto,Japan.The

KyotoProtocolisanagreementunderwhichindustrializedcountrieswillreducetheircollective

emissionsofgreenhousegasesby5.2%comparedtotheyear1990.TheobjectiveoftheKyoto

Protocolistoachieve"Stabilizationofgreenhousegasconcentrationsintheatmosphereatalevel

thatwouldpreventdangerousanthropogenicinterferencewiththeclimatesystem".Butthe

emissionofgreenhousegasexcludesintemationalaviationandshipping.Forthisreason,the

reductionofintemationalshippinglSconsideredastheexaminationsubjectbyIMO.Here,we

performsmetricalexaminationofCO2'semissionfortheincreaslngmaritimetransportationof

wheatbecausewhatkindofinfluenceonearthenvironmentisveryImportantforsocialprogress.

Usingequation7,wecangettheemissionofCO2from4areastoAsia.

Eco2-∑ ∑ccoz瑚 L･)･ (7)
∫ ∫

where,EcoZ.SemissionofCO2,c c02 isincidentrateofCO2(5･5I-CO2/106Ion･km)(Ship良

OceanFoundation,2001).TheresultsarepresentedinFigure6.22.
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Figure6.22EmissionsofCOつ(Asia)

6.6Conclusions

Wesummarizetheresultsasfollows:

1. WeanalyzedthepaneldataofAsiantradeanddevelopedananalyzlngSystemformaritime

transportationandlogisticsofAsiaincludingmaritimelbn,Tわn-Miles,tradevalue,numberof
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bulkca汀iersneededandemissionsofCO…inthemaritimetransportation.

2. Wefindthecoefficientofdeterminationishighbetweentheports'depthsandtheDWTof

bulkcarriers.

3. Astrongcorrelationbetweenthetonsandton-milescanbeconcluded.Theinformationwas

valuableforpredictingtheapproprlatenumberofrequiredships.

4. Themodelwasbuilttoestimatethenumberofgrainbulkcarriersneededforwheat.

5. TheintemationalprlCegreatlyeffectsthechangeofexportshare'sresidual bycross

correlation.

6. Thespeculationexistsinthewheatmarketing.
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Chapter7MaritimeTransportationandLogisticsSystemsoEAfrica

lnrecentyears,especiallyinAfrica,thepresentagnculturalconditionisdangerous.Starvation

frequentlyhappensinmanycountriesinAfrica.Thecauseofstarvationisoftenconsideredtobe

theexplosivegrowthofthepopulationinAfrica.However,climaticaberration,civilwar,the

depressionofnationaleconomies,andthefailureofeconomicpolicyintheworldeconomysystem

arealsoimportantfactors.Inotherwords,thecauseiscomposedofvariouscomplexfactors,such

asnatural,social,andpoliticalfactors.As arestllt,foodshortagesareveryseriousfortheAfrican

people.

Inchapter7,WewillanalyzethemaritimetransportationandlogisticssystemsofAfrica

includingmaritimeTon,Ton-Miles,tradevalue,numberofbulkcarriersneededandemissionsof

COつinthemaritimetransportation.

7.1AnalysisorMaritimeTransportationinArt'ica(Tわns)

Weanalyzethemaritimetransportationandlogisticssystemsofwheatbyanalyzingthemaritime

Ton,TTon-Miles,tradevalue,numberofbulkcarriersneededandemissionsofCO2.Now,the

internationalwheatmarketisanoligopoly,whichincludestheUnitedStates,Canada,theEU,

Australia,andA∫genLina.Thesecountrieshold85%ofthetradeshare.Ontheotherhand,Table7.1

showstheseabometradeofmainAfricancountries.Theshareofthesecountriesismorethan73%

inAfrica.Egypt,Algeria,andMoroccoarethetopthreeimportingcountriesinAfrica.neamount

ofimportofthethreecountrieswas7.76milliontonsandthetotalshareofthethreecountrieswas

66%in1980.Theybecame13.7milliontonsand57%in2000,respectively.netotalsharcofthe

threecountriesoccupiedabouthalfofAfricanwheatmarketing.Theotherfoursecondarycountries

areNigeria,Tunisia,Sudan,andEthiopia.Thetotalimportofallsevencountrieswas9.67million

tons,andthetotalshareofthesevencountrieswas82%in1980.Theybecame19.47mi11iontons

and81%in2000.Thetotalshareofthesevencountriesisabout80%oftheAfricanwheatmarket.

Table7.1SeabomeTradeofImportantA血icanCountries
1980 1985 1990 1995 2000 2004

CoM一try ImportShre ImportShJt lmportShre lmprtShre thPOrtShre I血PrLSbre
Egypt 4.42 38% 4.52 31% 5.40 37% 5.07 29% 4.90 20% 437 18%
AJgcria 1.70 14% 3.03 21% 2.61 18% 3.50 20% 537 22% 5.03 21%
Morocco 1.65 14% 1.92 13% 1.36 9% 2｣55 14% 3.44 14% 2.65 11%
TotJlthtte 7.76 66% 9.48 66% 937 65% 11.12 63% 13.70 57% 12.05 50%
Nigeria I.10 9% 1.43 10% 0.03 0% 0.61 3% 2.22 9% 2.61 11%
TuJlisia 0.65 6% 0.49 3% 0.90 6% 1.65 9% 1.39 6% 1.04 4%
StJdan 0.16 1% 0.58 4% 0.50 3% 0.11 1% 1.00 4% 1.22 5%

Ethiopla 0.00 0% 0.00 0% 0.00 0% 0.51 3% 1.16 5% 0.87 4%
TotalseyeA 9.67 82% 11.97 83% 10.80 75% 14,00 80% 19.47 81% 17.79 74%
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ThemaritimetransportationofwheatisanalyzedbyusingFAOtradedata(FAO2001).Africa

importswheatfromEurope,NorthandCentralAmerica,SouthAmerica,andOceania.Inthecase

ofAfrica,49countriesimportwheatfrom15Othercountries,includingthreeNorthandCentral

Am ericancountries,nineEuropeancountries,twoSouthAmericancountries,andonecountryln

Oceania.

Here,WemainlyanalyzetheAfricanmaritimetransportationandlogisticssystemsuslngthe

paneldataofthetopthreecountries.Paneldatasetsaretwo-dimensional,whereastimeseriesand

cross-sectionaldataarebothone-dimensional.Thecross-sectionaldataarethe0-Ddataofwheat

trade.Here,the0-Ddataofwheattradeareanalyzedin1998.Timeseriesdatashowthevolumeof

importsfromthepartnercountriesforthreecountriesfrom1980to1998.

In1998theOIDdataofthreecountries'wheattradeareshowninTable7.2.Thetradingpartners

ofEgyptaretheEU,USA,Australia,el°.ThevolumeofimportisalmosttotallyfromtheEU,

USA,andAustralia.Basedontheshareoftradingpartners,theUnitedStatesoccupied63%,and

EUandAustraliaoccupied15%and20%,respectively.ThetradingpartnersofAlgeriaaretheEU,

Canada,theUnitedStates,etc.Threecountriesoccupied96%ofAlgeria'simportingmarketshare.

ThetradingpartnersofMoroccoaretheEU,Canada,Hungary,USA,etc.Basedontheshareofthe

tradingpartners,theEUoccupied50%,USAoccupied9%,and,Canada,Australia,andHungary

occupied2%,11%,and19%,respectively.

Table7.2TradeFlowofEgypt,Algeria,andMoroccoin1998(Share)

Africa Ⅰmportantpartnercountry(Sharebase)

Importantimportingcountry EU USA Australia Canada Hungary Tota14

Egypt 15% 63% 20% 0% 0% 98%

Algeria 43% 13% 0% 40% 0% 96%

Morocco 50% 9% 2% 19% 11% 91%

Figure7.1ShowsthechangesinexportstoAfrica.As shownfrom(a)to(C)inFigure7.1,the

volumeofwheatimportincreasedinEgypt,Algeria,andMoroccoaccordingtothepaneldatafrom

1980to1998.TheEUincreasedtheexportstothethreecountriesfrom1989.Canadaisalsointhe

expansionofexportingtoAlgeriaandMorocco.TheconditionofAustralia'SexportingtoEgyptis

almoststable.InthecaseoftheUSA,thevolumeofexportstoEgyptisincreaslng.However,after

thevolumeofexportstoAlgeriaandMoroccopeakedinthe1980S,theexportsdeclined.Therefore,

thereisacompetitiverelationshipamongtheEU,Canada,andtheUSA.

Figure7.1(d)ShowsthatthevolumeofimportsfromNorthandCentralAmerica,Europe,and

Oceaniaislarge.ThevolumeofEurope'SexportstoAfricahasgreatlyIncreasedsince1989.
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7.2.2SelectionoHmportandExportPorts

Sincetherearemanyportsintheworld,theselectionofspecificportsforexportandimportis

important.Therefore,wemadetheselectionsbasedonthefollowlng:

1) ThedepthoftheselectedportsexceedslOm.

2) Landlockedcountriesimportwheatfromportsofneighboringcountries.

3) Onecountryhasoneport.

4) Thoseexportingportsshouldfrequentlybeusedtoexportgrainandareneartheportofwheat

production.Thoseportsforimportshouldbeusedforimportinggrainandarenearthecountry's

capital(inconsideratioTlOfthepopulation).

5) Maritimetransportationisalwayscarriedoutfromexportingcountrytoimportingcountry

withoutcallingatotherports.

As aresult,15exportingportstoAfricaand31importingportsforAfricaweredetermined.

Usingtheselectedports,weobtainedtheshortestnavigationdistancebetweentheexportingports

andimportingports(AppendixC).

7.2.3MaritimeTransportation(Ton-mi)es)

neexportton-milesfromtheUnitedStatestoAfricancountriesareshowninFigure73(a).In

thefigure,1meansanexportingport;here,i=1meanstheUnitedStates'port,andjisanimporting

port.Forexample,inthecaseofexportingfromtheUnitedStatestoAfricancountries,the

ton-milesfromtheUnitedStatestoAfricancountrieschangedinanirregularmanner,resultingLn

anuncleartrendfortheton-miles.Thenthetotalexportton-milesfromtheUnitedStatestoAfrica

areshowninFigure7.3(b).Figure7.3(b)showsthatthetotalvolumeoftheexportton一milesfrom

theUnitedStatestoAfricaismoderatechangethanthoseinFigure7.3(a).Fromacontinental

viewpoint,theresultsofexportsfromvariousregionstoAfricaareshowninFigure7.3(C).The

totalvolumeoftheexporHon一milesfromvariousregionstoAfricabecomessmooth.Figure7.3(C)

demonstratesthefbllowlng:

1)Theton-milesofAfricanimportsareinthefollowingorder:North-CentralAmerica,Oceania,

andEurope.

2)Theton-milesofEurope'SexportstoAfricahavebeenincreasinggreatlysince1989.

3)Thesametendencycanbeseenbetweentonsandton-miles,buttheton一milesofEuropeare

nearlyequaltothoseofOceania.
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Figure7.3ChangesinExportstoAfrica(1bn-miles)

73Tradeva]ue

Figure7,4showschangesinimportamounts(threecountries).As showninFigure7.4,inthe

caseofEgypt,theimportedvolumesofwheatpeakedin1974,1981,1989,and1996.Inthecaseof

Algeria,theimportedvolumesofwheatpeakedin1975,1985,1989,and2004.Finally,the

importedvolumesofMoroccopeakedin1975,1985,1989,and2004.Itclearlyshowsthe

increasingtendencyofthreecountries'importvalues.

Figure7.5demonslralestheamountsofimportstoAfrica.ItclearlyshowsaslowlyincleaSlng

tendencysince1960.TheamountofimportstoAfricawas2.46billiondollarsin1980,butthe

increaseintheamountofimportswasapproximately1.13billiondollarsfrom 1980to2(Xm

AlthoughAfricanimportsincreasedslightly,therapidincreaseofpopulationmayenhancethe

importvaluesinthelongrun.
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7.4ForecastingtheRequiredNtlmberoEWheatBtllkCarriers

Forecastingtherequirednumberofwheatbulkcarriersisdifficultatthecountrylevelbecause

thechanglngtendencyoftheimportvolumeisverysharp.Therefore,inthisresearch,Wepredict

theimportvolumeatthecontinentallevel.Accordingtothismethod,comparedtothecaseofthe

countrylevel,theimportvolumebecomesveryflatandsmooth,thefunctionsystemcanbeapplied,

andtheaccuracycanberaised(Kubo2004,2006).

7.4.1ExaminationoEWheatBulkCarrierSizeandDepthofWater

Graintransportationisusuallyperformedbymaritimetransportation.Themeansoftransportis

grainbulkcarriers,lnWhich,thePanamaxShipisthedominanttype ofallships.TheShipof

PanamaxtypeisthelargestshipwhichcanpassthroughthePanamaCanal,anditsloading

capacityisabout70,000tonsorless.Itisclearthat10,000～60,000DWTbulkcamiersareoften

used.Theaveragedepthofeachstraitonthenavlgationrouteis20metersormore;therefore,lt

appearsthatbulkcarriersfrom10,000to60,000DWTcouldnavlgatethewaters.Thedepthof

importingandexportingportsis10metersandgreater;therefore,60,000DWrbulkcarriersare

suitableforshippingandunloadingwheatatports.

7.4.2ForecastingMode]forRequiredNumberoEWheatBu]kCarriers

Here,thevolumeofimportswillbethevolumeofthemaritimetransportationbecausewhole

wheatwillbeshipped.Inthefollowlnganalysis,themavlgationdaysofavesselareconsideredas

95%of365.Thenavlgationdays,annualvoyages,andnecessaryshipsimtheexportnavigation

routefromeachexportertoanAfricanimportercouldbedeterminedusingthefbllowlngequations

(Kubo2005):
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D,･,･-念 x2･DED･DLU
365×0.95
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･S- &- Itd An - -∑TSz-詰若槻.語草明
3

t=l

･sE7- -∑TSt-詰責侮･詰 要略
13
1=4

15

･S- dhA"- - ∑ T S z - 諾 若 侮 + 詰 責 w ul=14

15

･S-- -∑ TSt-詰 責wudt,･詰要略暮=1.rI

(3)

(4)

Here,A-72V,B=DW x4152V,i:exporter,):importer･D,Jisthenumberofdays

necessaryforaroundtripfrom itoj;d,･).isthedistancefrom itoj(miles);visthespeed

ofthegminbulkcarrier(milesnlOur);DED isthenumberofrequireddaysforenteringand

departingportsinoneroundtrip(3days);DLU isthenumberofdaysrequiredforloadingand

unloadinginportsinoneroundtrip(3days);N.Jisthenumberofannualvoyagesoflandj;

TSi]isthenumberofshipsforiandj;W.･J･istheseabometradefrom itoi(tons);

DWTisthedeadweighttonnageofagrainbulkcarrier.Basedonthismodel,therequirednumber

ofgrainbulkcarrierscanbepredictedfromthemaritimetonsandmaritimeton-miles.

7.4.3ImportAna]ysjsorAfrica(TonandTon･miles)

Figure7.6ShowstheanalysisofimportsinAfrica.AsshowninFigure7.6,1986,1988,and

1995areveryImportantyearsbecausetheannualtendencyoftradevolumechangedmostinthese
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years,Inthefollowlngpart,WeWillmakeadetailedanalysis.

Inthecaseof1986,theUnitedStal°sappliedtheExportEnhancementProgram(EEP)as

retaliatorymeasuresagalnStthewheatexportoftheECusingasubsidy,Atthesametime,Australia

andtheother14so-calledfairexportingcountriesgatheredtogetherinCaimsCity,Australia.They

protestedagainstsuchunfairtrade,especiallyaimedattheexportsubsidybecausetheywere

sufferingfromthefallingwheatprlCeS.Hence,thesecountrieswereveryseriouslyaffectedbythe

exportvolumeafter1986.

In1988,cropssufferedduetothedroughtinNorthAmerica.Therefore,wheatoutputdecreased

greatlyintheNorthAmericaandCentralAmericareglOnS,andtheexportsdecreased.Ontheother

hand,wheatstockoftheEUwasincreasingandwasrecordedatll,300,000tin1989.Europegot

itsbestchancetoenhancetheexportstoAfricainthattime.

Sincethe1980'S,thegovemmentoftheEUhasalwayspaidasubsidytoprotectdomestic

agrlCulture.Consequently,thequantityofproduction increasedcontinuouslyandbecame

overproduction.Inordertosolvethisproblem,theEUca汀iedoutthedumplngexportuSlngthe

exportsubsidy.Theresultisthatimportdemandwasslumplnginthedeveloplngcountries,andthe

wheatprlCeWasdropplng;moreover,theexportcompetitivenessoftraditiona)exportingcountries,

suchasCanada,Australia,andArgentina,becameremarkablyweak.lnthissituation,theworld's

largestprlnCipalexportingnations,UnitedStatesandtheEU,begandumplngexports.Because

subsidiesgraduallycreateatradebarrier,theGeneralAgreementonTariffsandTrade(GATr)was

established.Thepolicies(hataffectedagrlCulturaltradeweresubjectedtosystematicmultilateral

controlsforthe伽sttimebytheUruguayRound's1994AgreementonAgriculture(AoA).The

negotiationresultedinanagriculturalagreement,andthecontractingstateswereobligedtoreduce

thesubsidytoagriculturalproducers.

From 1995,theGAIT becametheWTO,andtheWTOplaystheroleofanenglnefor

intemationaltradeexpansionofwheat.BasedontheagrlCulturalagreementofWTO,Somepolicies

wereputintopractice,suchasthereductionoffarmsubsidies,thecustomsduty,andtheamountof

importquotas.Thesepoliciespromotedtradeliberalization.

Next,Wemakeapredictionfortheimportsbyastmightlineapproximationforfourareas.Itis

difficulttomakealong-termforecastbecausetheagriculturaltradeisgreatlyaffectedbypolicies.

Consequently,wemadetwoscenariostopredictthewheatimportinAfricauntil2010.Inthefirst

scenario,WepredicttheimportsfromNorthandCentralAm ericaandSouthAmericauslngthedata

from1980to2001.haddition,theimportsfromEuropeandOceaniaarepredictedusingthedata

since1995.1nthesecondscenarlO,Wemadeallpredictionsuslngthedatasince1995.
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Figure7.6ImportAnalysisofAfrica

Thepredictionofmaritimetransportationton-milescanbedonefromtherelationbetweenton

andton-miles･As showninFigure7.7,thecoefficientofdeterminationismorethan0.96,sostrong

correlationscanbeseen.Itshowsthatthepartnercountriesoftradedonotchangeinfourareas.It

isaperfectconditionforsufficientprediction,sotherequirednumberofgrainbulkcarrierscanbe

predictedfromthemaritimetonsandmaritimeton-miles.
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7.5ErnissionsorCol(AErica)

ThesameasmethodofAsia,wecangettheresultformequation5.

Eco2-∑∑ cco2ff;･)･d･･)I (5)Iノ

Eco2 .SemissionofCO2,cc02 isincidentrateofCO2 (5･5I-CO2/106lon･km)･(Ship良Ocean

Foundation,2001).TheresultsarepresentedinFigure7.8.WecancalculatetheemissionsofCO2

usingtwoscenariosbecausetherearetwoscenarioswhenwepredictionthemaritimeton-miles.
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Figure7.8EmissionsofCO2(Africa)

7.6Conclusions

Wesummarizetheresultsasfollows:

1. WeallalyzedthepaneldataofAfricantradeanddevelopedananalyzingsystemofmaritime

transportationandlogisticsofwheat,whichincludesthemaritimetons,ton-miles,tradevalue,

numberofbulkcarriersneededandemissionsofCO2inthemaritimetransportation.

2. WefoundthattherewasacompetitiverelationshipamongtheEU,Canada,andtheUSA.

3. Wealsofoundastrongcorrelationbetweenthetonsandton-milesinAfrica.Theinformation

wasvaluableforpredictingtheapproprlatenumberofrequiredships.

4. WecreatedtwoscenariosforpredictingtheimportsinAfrica,butcouldnotdeterminewhich

scenariowou]dactuallyhappeninthefuturebecausetheagrlCulturaltradeisgreatlyaffected

byvariouspolicies.
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Chapter8ComparativeResearchontheTradeaTLdBu]kCarriersofWheatand

RiceforMaritimeTransportationtoAかica

8.11ntrodtICtion

Wheatandricearestaplesformuchoftheworld'spopulation.Wheatisgrownwor一dwide;

however,90%ofriceproductionandsupplyisinAsia.Inthecaseofwheat,shareoftrade

occupiedtoproductionismorethan20%,andthatofriceisonly5%.EspeciallyinAfrica,

Starvationfrequentlyhappensinmanycountries.TheimportofwheatandriceisincreaslngOver

thelast20years.

Somerelatedresearchesaboutwheatandricearemadebyusasfollows:KuboandPurevdoTj

(Kubo,2(氾4)madeapredictionaboutthefutureofriceproductionandconsumption.Kuboand

Xie(Kubo,2006)havestudiedthesupplyandimport/exportofwheatineveryregion.Xieand

Kubo(Xie,2007)discussedtheAsianmaritimetransportationsystemofwheat.

Here,thepurposeofinthischapteristomakeacomparativestudyonthetradeandbulkcarriers

ofwheatandriceformaritimetransportationtoAfrica.Inordertoanalyzetheproblem,usingdata

fromtheUnitedNationsFoodandAgricultureOrganization(FAO,2001),wediscussthefeatureof

productionandsupply,andtradesituationofwheatandriceincludingtradevolumeandtradeshare.

Basedontheanalysisoftrade,wepredictthenumberofbulkcarriersforwheatandricc.

Theremainderofthechapterisstructuredasfollows.Section8.2presentsthecomparative

researchonthetrade.Section8.3introducesthebulkcarriersformaritimetransportationfollowed

bynavigationdistancc,Selectionofimportandexportports,modelspecifications,estimation

methodandresults.Conclusionspresentinsection8.4.

8.2CoJTLParativeReseaI℃honTrade

8.2.1TheFeatureofProductionandSupply

Wheatisgrownworldwide;however,90%ofriceproductionandsupplyisinAsiaasshownin

Figure8･1.RiceisthefavoredgraininAsia.Thefutureofriceproductionfundamentallydepends

ondevelopingcountriesinAsia.However,theproductionandsupplyofwheatisentirelydifferent

fromthatofrice.
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8.2.3TheFeatureoEInternationalPrice

ltisthefeaturethattheprlCeOfriceishighandchangeofriceprlCeissharplycomparedwith

wheatinFigure8.3becausethericeconsumptionrateforfoodishigherthanwheat.International

marketchangecametoariseinthericetradeafterthe1970S.Theimportareabecame

diversification.ThischangemainlyoriginatesinrapidincreaseofriceproductioninAsiaafterthe

1970S.Jnthepast,thericetradehasbeendevelopedwithinAsiancountries.However,thespecific

gravityofAsiaasanimportareafallsquickly,andthespecificgravityofAfricaisincreaslng

heretofore.Thereasonofchangeisasfollows:firstly,itistheresultofGreenRevolutioninAsia;

secoJ)dlyitisalsotheresultofALriCanfoodsituationisgettingworse,andAfricadependsoncheap

rice.Although theinternationalpnceofricerosesuddenlyatthefirsthalfofthe1970sduetofood

crlSIS,Whenthe1980scame,wheatandricepricesfallsharplywithenhancementofexcess

problemofgrain.
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Figure8.3ComparisonsonlntcmationalPrice

8.2.4ComparisononTrade

Firstlywemakeacomparisononthetradevolumesbetweenwheatandrice.lnthecaseofwheat,

thevolumesofimportsfromAm erica,EuropeandOceaniaaremosttoAfrica.neimporttrendof

wheatissuddenlychangedinAfricainFigure8.4.Inthecaseofrice,thevolumesofimportsfrom

AsiaandAmericaaremostandfromEurope andOceaniaarefewtoAfrica.neimporttrendis

generallyregularinAfricainFigure8.5.
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Figure8.5RiceImportofAfriCa

Secondly,wecangettheresidualofwheatimportafterweremovethetrendofimportbylinear

regressionasshowninFigure8.4.1nthecaseofrice,uslngthesameway,wealsoobtainthe

residualofimportinAfrica.Then,Wediscusstherelationbetweenresidualofexportand

intemationalprlCe.
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prlCe-COmPetitivewithwheat,and,asaresult,exportsfromOceaniadecreasedgraduallyafter1986.

Thus,theagriculturalpoliciesoftheU.S.andtheE.U.arealsoreflectedinthewheattradewith

Africa.netrendofexportsharefromEuropeandOceaniaissteadysince1989.Here,wemakea

regressionanalysisfortwoareas.meresultofregressionisnotsignificantbecausethep-Value

(0.685)isbiggerthan0.05,Onlyanaveragetendencycanbeseer).So,thesteadytrendsinEurope

andOceaniaareexpectedtocontinue.

MorericeisgrowninAsiaandAm erica,and,forthatreason,thetwoareasareanalyzed.The

exportsfromAsiaareincreaslnggradually,andthosefromAm ericaaresteadilydecreaslng,aS

showninFigure8.9.Wecanobtainthetrendofthefuturetradesharebecauseagoodfitcanbe

achievedusingl九eleastsquaresprogram.
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83ComparisonofBulkCarriersforMaritimeTranspo血tioTL

8.3.1NavigationDistanceandSeIeclionoEImportandExportPorts

Wecangettheshortestnavigationdistanceandmakeaselectionfortheimportandexportports

uslngthesamewayasthewheat.Bydiscusslng,aSaresult,Table8.1showsthelistofselected

ports.Usingtheselectedports,Weobtainedtheshortestroutebetweentheexportingandimporting

ports.

Table8.1ListofSelectedPorts

Wheat Rice

Bourgas AbidjanAlgiersAssab Bombay

BuenosAires Alexandria Banjul BuenosAires

Constantza Cotonou Casablanca Dalian

Gdynia Dakar pjibouti Karachi

Klaipeda DaresSalaam East KrungThep

Koper IAndon Freetown Montevideo

ManZanillo IAbito l.omeDouala NewOrleans

Montevideo LibreVille Lagos Osaka

NewOrleans Tripoli Maputo Rangoon

NoVorossiysk Monrovia Mogadishu SaiGon

Odessa Mindelo Matadi

Riga Mombasa Nouadhibou

Rotterdam WalviSBay Pointe

Sydney Noire PortLouis

Algers Abidjan

Alexandria Banghazi

BanjulBissau

CapeTわwn Casablanca

Conakry Cotonou Dakar

DaresSalaam

DjiboutiDouala Durban

Freetown Libreville

lJ)bito I_βme Malabo

MaputoMassawa Matadi

Mogadishu Mombasa

Monrovia Nouadhibou

PointeNoire PortHarcourt

PortLouis PortSudan

TakoradjTaomasina Tunis

WalvisBay
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8.3.2ModelSpecirICationsForForecastingtheRequiredBuJkCarriers

Aftermakingaportselectionforimportandexportandcalculatingthetransportdistanceof

wheatandricebyuslngthe0-Ddata,webuiltamodeltopredicthowmanyshipsarenecessaryfor

maritimetransportationofwheatandriceforAfrica.Themodelisasfollows:

Dlj-嘉 ×2･DED･DLU

NtJ･-

TS.,･=

365×0.95

D,i

WlJ WLJd,J+Wqx72v W,Jd,,I+WiiA- t - - I --

DWTxN.･, DWTx4161v B

Here,thenavigationdaysofavesselareconsideredas95%of365.A=72V,B=DWTx4161V;i:

expor(er;j:importer･Dijisthenumberofdaysrequiredforaroundtripfromitoj;d,iisthedistance

fromitoj(miles);visthespeedofthegrainbulkcarrier(milesnlOur);DEDisthenumberofdays

requiredforenteringanddepartingportsinoneroundtrip(3days);DLUisthenumberofdays

requiredforloadingandunloadinginportsinoneroundtrip(3days);N.iisthenumberofannual

voyagesofiandi;TS,･J,isthenumberofshipsforiandi;W.j･isthetradefromitoj(tons);DWris

thedeadweighttonnageofagrainbulkcarrier.Basedonthismodel,therequirednumberofgraln

bulkca汀ierscanbepredictedfromthemaritimetonsandmaritimeton一miles.

833EstimatioJIMethodandResults

First,wediscusstheestimationmethod.Whenwepredictthemaritimetons,weconsiderthe

volumeofimportasthevolumeofmaritimetransportation.Wecanestimatetheimportinthe

futurebythetradesharetrendbecauseagoodfitcanbeappliedusingtheleastsquaresprogram

afterobtainingtheshortageofAfrica.Theestimatedequationsareasfollows:
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Table8.2EstimatedEquations

PJJ,.C.-0･2911569･6 RZ=0181

S仰 . TO･07POP-8･7R2=o･99

DEF,I,.,.-PAf,."-5,/,.C.

ES..仰 .I26･4-0.01294t-0･17Dも,_"R2-0189 (7)

ESEw.p,AO｡馴u-0･9192810190425ES加".cdR2-0･94(8)

ESE."op,･5125907-0100226E (9)

ESo…… T-4･25907+0.002261 (10)

W .̂"."-DEF.I,.,A･ES加,.r./100 (11)

WEwop, - DEF,(,.(.lESEwop,AO……･ESEw.p,/100 (12)

Woe,d…IDEF".(.･ESE叫 ,AOr,qM･ESo"a"/100 (13)

wd̂ .〟.CD一一5825+7219W山.,.EDR2-0.9825 (14)

Wd6.,..,-40･2842WEwop, R2-0･98969 (15)

wdor…川-148+8059Woc,a..OR2-0.9917 (16)

･sE-p･--･ED言 孟 (責 W･Jd･J･ A 豊 W･J) (.7,

･S･N-･EO-̂F,･r圭 ,io(flW･Jd･J･Af.W･J) (18,

･so-･･p-,f･･E･一三.蓋(flW･JdLJ･Af.W･J) (19,

TS仰｡J TS,wo,,_AlW.+TŜW.C.ー4Pw.+TSo"… _̂F,,E.(20)

pJPy-n3t-SXi3#=ng)

S仲 -a(肌 Pl4･9H-n男

M JPxp-PJPp-S仲

ES血=61.93(t-19万)nud-nTXi

ESwh,-361(t-197))443p-n71

Wh=W JPJ月定/10]
Whh-W JPb･軌 血/1CD

糾

問

の

例

伸

銅

の

礼 -TXfB･Wh(Llll-7)R2-n卿 (狗

吸 血 -餅 1･W,.nJi-8-1qR2-Q9XB(狗

礼--凝侮･Ay)の
巧- …三賞 bBuy･･By) ･39
‰ -野地 →仲 十王㌦ 血 坤 血 拘

Here,P:production;S:supply;I:year;POP:population(UN2004)inAfrica･DEFAP,･coisthedeficit

volumeinAfrica.ESistheexportshares(%),Wistheexportvolume,andWdisthetransporta(ion

distance.

Whenwepredictthemaritimeton-miles,Weanalyzetherelationshipbetween(hetransportation

tonandton-milesinFigure8.10Inthecaseofwheat,thecoefficientofdeterminationismorethan

0.98inFigure8.10(a-C),and,inthecaseofrice,thecoefficientofdeterminationismorethan0.96

inFigure8.10(d);therefore,strongcorrelationscanbeseen.

Becauseallconditionsofpredictionaresatisfied,wemakealong-timeforecastuntil2020.By

using60,000DWTgrainbulkca汀iersandconsideringthespeedasthe10nauticalmiles/hour,we

makeacasestudy.Therequirednumberofgrainbulkcarrierscanbepredictedfromthese

equationsbytheextrapolationofregressionanalysis.ThepredictedresultsareshowninTable8.3.

-108･



棚

…

Ⅶ

仙

仙

棚

仰

a
l!∈
I
u
O
I
SuO
!

"!M)
St
O
d
∈
H

肋

仙

州

仙

洲

2

2

1

1

2

1

1

(
S

a
r!∈
-
u
O
l
u
O
!H
!M
)

St
O
d
E
] 2

tmports(M‖iontons)
1 2
Imports(Mi)JioJltons)

Figure8.10RelationshipbetweenTransportationTonsandTon-miles

Table8.3PredictedNumberofBulkCarriersNeeded

Wheat Rice

YearAm ericaOceaniaEuropeTotalAsiaAmericaTbtal

2005 47 15 17 79 20 2 22

2010 46 21 21 89 26 2 28

2015 45 28 27 99 31 2 33
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8.4Conclusions

Theresultsaresummarizedasfollows:

1. Theproductionandsupplyofwheatisworldwide;riceisthefavoredgraininAsia.

2. Theintemationalmarketofriceisthinmarket.

3. Theimporttrendofwheathassuddenlychanged;ontheotherhand,theimporttrendofriceis

generallyregularinAfrica.

4. WeuseadifferentmethodtopredicttheimportsofwheatandriceforAfricabecausetheir

tradefeaturesaredifferent.Inparticular,regardingwheat,tradeisgreatlyaffectedbyvarious

policies.

5. AmodelisbuilttoestimatethenumberofbulkcarriersforwheatandriceinAfrica.

6. Wefindastrongcorrelationbetweenthemaritimetransportationtonsandton-miles.Little

changeintheimportersandexportersisseen.

7. SincechangeofwheattradesignificantlydependsonagrlCulturalpolicy,predictionofwheat

tradeismoredifficultthanrice.Andthechangeofthenumberofbulkcarriersforwheatis

largerthanthatforrice.
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Chapter9Conclusions

WheatistheprlnCipalfoodforabouthalfoftheworld'spopulation･Inrecentyears,itiswell

knownthaHhetradevolumeofwheathasoccupiedhalfofthegraintradevolume.nerefore,

researchonwheatisveryImportant.EspeciallyinAsiaandALrica,thepresentagricultural

conditionisdangerous.SLarvationfrequentlyhappensinmanycountries,necauseofstarvationis

oftenconsideredtobetheexplosivegrowthofthepopulationinthesecountries.However,climatic

aberration,civilwar,thedepressionofnationaleconomies,andthefailureofeconomicpolicyln

theworldeconomysystemarealsoimportantfactors.Inotherwords,thecauseiscomposedof

variouscomplexfactors,suchasnatural,social,andpoliticalfactors.As aresult,foodshortagesarc

veryseriousforpeople.

As animportantchainofglobal businessactivities,maritimetransportationisstrongly

influencedbyworldeconomyandglobaltrade.However,littleresearchhasbeendoneonthe

maritimetransportationofgrainintheworld.

)Athisstudy,fromthevicwpoinLsofcargocreationandenvironmentalproblem,weanalyzethe

maritimetransportationandlogisticssystemsofwheatincludingmaritimeTon,Ton-Miles,trade

value,numberofbulkcarriersneededandemissionsofC02inthetransportationuslngthetrade

nowdata.Webelievethatthisresearchisveryusefulforthemaritimetral)SPOrLationofwheatin

thefuture.Themajorfindingsobtainedaresummarizedasfollows.

lnchapter3,weanalyzethepopulationpredictions,populationchangesandpopulationgrowth

rateaccordingtotheUN'sdata.nefactorofpopulationincreaslnglSClearlyshown.Wefound

【九al:

1. AsteepIncreaseintheglobalpopulationisexpected,mostlyinAsiaandAfrica.

2. An importantpointisthatthechangeofpopulationinAfricawillexceedthechangeofAsia

andbecomeNo.1after2030.

3. ThepopulationgrowthratewilldecreaseineveryreglOn;thenegativegrowthraleinEurope

issignificant.

4. Thecauseofpopulationexplosioncomesfromthedeclineofdeathrate.

Inchapter4,weexaminetheproduction,Supplyofwheatonthebasisofthecontinentalmethod

andanalyzethefactorsthataffecttheproductionandsupply.Usingthecontinentalmethod,wecan

obtainthevolumesofwheatshortage,surpluswheatshortage.Afterdiscusslngtherelations

betweentheimport,shortageandvolumeofmaritimetransportation,therequlrementSformaritime

transportationofwheatareinvestlgatedandestimatedinthefuture,Wefoundthat:

1. Untilnow,although country-by-Countrypredictionsareoftenresearched,theyarehardtobc
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estimated.Inthischapter,wedealwiththewheatproblembythecontinentalmethodandgood

continent-by-continentresultswereobtained.Theaccuracyofthemodelandthereliabilityof

theresultswerehigh.

2. Usingpopulationsoryearsasavariable,ahighcorrelationisobtained,especiallyinthe

shortageareas;therefore,ilispossibletoestimatewheatproductionandsupply.

3. Acontinentalpresumedmodelofwheatproductionandsupplywithfわodshortageswasbuilt.

4. SufficientwheattosupportthegrowlngPOPulationcanbesecured.

5. Wededucedanewmethodtoestimatethemaritimetransportationofthefuture.Inother

words,wediscoveredahigh correlationbetweentheshortageandtheimportvolume.

Therefore,theshortagecanbeusedtoestimatethemaritimetransportation.

Chapter5proposesatradeflowanalysisofwheat.Firstofall,weconductthetradeflowdataof

acrosssectionuslngprOgrammlng.Secondly,weanalyzetheAsianwheat'simportbypaneldata.

Finally,theshareanalysisoftheintemationalwheatexportmarketisdiscussed.Wefoundthat:

1. Anegativeco汀elationamongsurplusareasisobtainedfb∫themarketshareofwheat.

2. UsingtheprogramEXCELVBA,webuildtheODtablesintheAsiaandAfrica.

3. Bythepaneldataanalyses,wefhdthaHheimportofwheatdependentsonthepopulationand

GDPofAsiancountries.

Inchapter6,themaritimetransportationandloglSticssystemsofwheatareanalyzedf♭rAsia.

FirstlyweanalyzetheAsiantradeconditionofwheat.SecondlyfromtheimportconditionofAsia,

wecanmakeadecisionwhichportcanbeusedasimportingportsandexportingportsbasedon

investigatingwheatexporllngportsOfothers'CountriesandwheatimportingportsofAsian

countries.Sothenavigationdistancebetweentheexportingportsandimportingportscanbe

calculated.Finally,weanalyzethemaritimetransportationandlogisticssystemsofwheatinAsia

includingmaritimeTon,Ton-Miles,tradevalue,numberofbulkcarriersneededandemissionsof

C02inthetransportation.Inaddition,theeffectcomlngfromtheintemationalprlCeOfwheatis

analyzedbyCrossICOrrelations.Wefoundthat:

1. WeanalyzedthepaneldataofAsiantradeanddevelopedananalyzingsystemformarithT)e

transportationandlogisticsofAsiaincludingmaritimeTon,Ton-Miles,tradevalue,numberof

bulkca汀iersneededandemissionsofCO2inthemaritimetramsportatiom

2. Wefindthecoefficientofdeterminationishighbetweentheports'depthsandtheDWTof

bulkca汀iers.

3. Astrongcorrelationbetweenthetonsandton-mi)escanbeconcluded.Theinformationwas

valuableforpredictingtheapproprlatenumberofrequiredships.

4. Themodelwasbuilttoestimatethenumberofgrainbulkcarriersneededforwheat.
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5. TheinternationalprlCegreatlyeffectsthechangeofexportshare'sresidualbycross

co汀elation.

6･ Thespeculationexistsinthewheatmarketing.

lnchapter7,weanalyzemaritimetranspor(ationandlogisticssystemsofwheattoALricafrom

maritimeTon,Tbn-Miles,tradevalue,numberofbulkcarriersneededandemissionsofCO2inthe

transportation.Afterananalysisofthewheattransportation,wefindthattheagriculturalpolicies

greatlyaffectthewheattransportationtoAfrica.Then,usingtwoscenarios,wepredicthowmany

shipsarenecessaryforthemaritimetransportationofwheattoAfricainthefuture.Wefoundthat:

1. WeanalyzedthepaneldataofAfricantradeanddevelopedananalyzingsystemofthe

maritimetransportationandlogisticsofwheat,whichincludesthemaritimetons,ton-miles,

tradevalue,numberofbulkcarriersneededandemissionsofC02 inthemaritime

tlanSpOrtalion.

2. WefoundthattherewasacompetitiverelationshipamongtheEU,Canada,andtheUSA.

3. Wealsofoundastrongcorrelationbetweenthetonsandton-milesinAfrica.neinformation

wasvaluableforpredictingtheappropriatenumberofrequiredships.

4. WecreatedtwoscenariosforpredictingtheimportsinAfrica,butcouldnotdeterminewhich

scenariowouldactuallyhappeninthefuturebecausetheagriculturaltradeisgreatlyaffected

byvariouspolicies.

lnchapter8,acomparativestudyisunder(akenonmaritimetradeofwheatandricedestinedfor

Africa･Forcomparison,firstly,thefeatureofproductionandsupplybecomesclear.Secondly,trade

featureisalsodiscussed.Moreover,WeshowthatagrICulturalpoliciessigmificantlyaffectthe

transportationofwheattoAfrica.Ontheotherhand,weshowthattheexportofricetoAfricaisa

regulartrend.Finally,basedonthecomparisonoftrade,wepredictthenumberofmaritimebulk

carriersofwheatandriceforAfrica.Inaddition,theeffcctcomingfromtheintemationalpnceof

wheatandriceisalsodiscussed.Wefoundthat:

1. Theproductionandsupplyofwheatisworldwide;riceisthefavoredgmininAsia.

2. Theintemationalmarketofriceisthinmarket.

3. Theimporttrendofwheathassuddenlychanged;ontheotherhand,theimporttrendofriceis

generallyregularinAfrica.

4. WeuseadifferentmethodtopredicHheimportsofwheatandriceforAかicabecausetheir

tradefeaturesaredifferent.lnparticular,regardingwheat,tradeisgrea(lyaffectedbyvarious

policies.

5. AmodelisbuilttoestimatethenumberofbulkcarriersforwheatandriceinAfrica.

6, Wefindastrongcorrelationbetweenthemaritimetransportationtonsandton-miles.Little
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AppendixA

O･DCrtISSSectionDataPrtlgram(UsingEXCELVisua)BasicrorApplicatiorLS)

PublicSubCreateOD_DataO

一定数及び変数を定義する

ConstFirstYear=.'1980"

ConsthstYear=一一1998--

ConstSpecialStr="Country,Item,Element"
ConstMaxColumn≡30

ConstMaxRow≡300
ConsIFromCountryCoINO≡1 ゼロから始まる

constToCountryCoINO=4 ゼロから始まる
constFirstYearCoINO≡7 ゼロから始まる

DimFromCountryO,ToCountry()As String

DimiRow,iCol,i,iCount,iYearAs Integer

DimMaxFromCountry,MaxToCountryAs String

DimODDataAs Leng

DimlsExistAsBoolean

すべての出発国と目的国を取得する

Sheets(I.AsiaandAfrica0-Ddatal').Select

WithRange(.TAT.)

ReDimFromCountry(MaxRow),TbCountry(MaxRow)

.出発国を取得

iCount=O
ForiRow≡0TbMaxRow

lsExist≡False

Fori=OTbMaxRow

TfFromCountry(i)=Trim(.Offset(iRow,FromCountryCoINO).Value)Then
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lsExist=True
Endlf

Nexti

lflsExist=False

An dTrim(.Offset(iRow,FromCountryCoINO).Value)<>l'..

An dInStr(1,SpecialStr,Trim(.Offset(iRow,FromCountryCoINO).Value))=0Then

FromCountry(iCount)=Trim(.0ffse((iRow,FromCountryCoINO).Value)

iCount≡iCount+1

Endlf

NextiRow

MaxFromCountry≡iCount-1

'目的国を取得

iCount=O

ForiRow≡01bMaxRow

lsExist≡False

Fori≡OTbMaxRow

lfTToCountry(i)≡Trim(.Offset(iRow,ToCountryCoINO).Value)Then

lsExist=True
Endlf

Nexti

lflsExist≡False

An dTrim(.Offset(iRow,ToCountryCoINO).Value)<>W

An d)nStr(1,SpecialStr,Trim(.Offset(iRow,ToCountryCoINO).Value))=0Then

ToCountry(iCount)=Trim(.Offset(iRow,ToCountryCoINO).Value)

iCount≡iCount+1

Endlf

NextiRow

MaxTbCountry≡iCounト1
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EndWil九

年 ごとにoDデータを作成する

ForiYear=CInt(FirstYear)ToClnt(hstYear)

■oDデータ保存用のデータシートを作成する

Sheets.Add

ActiveSheet.Name=CStr(iYear)

.出発国と目的国をシートに書き込み

WithSheets(CStr(iYcar)).Range("AI")

-出発国をシートに書き込み

Fori≡0TbMaxFromCountry

.Offset(i+1,0).Value=FromCountry(i)

Ncxti

l目的国をシートに書き込み

Fbri≡0TbMaxTbCountry

.Offset(0,i+1).Value=ToCountry(i)
Nexti

EndWth

'oDデータを検索して､シートへ記入する

WithSheets(CStr(iYear)).Range(''Al")

ForiRow=0TbMaxFromCountry

FbriCol≡0TbMaxTbCountry

strODData≡-川

OD_Data≡0

'oDデータを検索する

Fori≡OTbMaxRow

DoEvents

lf Sheets(T'Asia

FromCountryCoINO).Value=FromCountry(iRow)_

And Sheetsぐ■Asia
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TbCountryCoINO).Ⅵlue≡TbCountry(iCol)Then

lf Not Sheets("Asia 0-D da(a"),Range('-AI").Offset(i,

FirstYearCoINO+iYear-CInt(FirstYear)).Value=1'"Then

OD_Data = OD_Data + CLng(Sheelsぐ-Asia 0-D
data").Range('.A1..).Offset(i,FirstYearCoINO+iYear-CInt(FirstYear)).Value)

slrOD_Data≡CStr(OD_Data)

Endlf'

Endlf

Nexti

-oDデータをシートへ書き込み

IfNotstrODData="p'Then

OD_Data≡CLng(strODーData)

.Offset(iRow+1,iCol+1).Value=ODIData
EIse

.Offset(iRow+1,iCol+1).Value=l'-1.

Endlf

NextiCoI

NextiRow

EndWith

NextiYear

EndSub
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