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印加dcaJⅥ匂ゎe∫mOdeJjfa劇do劇Jγjf（0，0）i5fムe  

OpfimaJpo血f fo fムe〆aJla∫mOdeJobt扇刀edわγ  

theorthogtaphicprqjectioncenteredon（¢＊，入＊）・  

ThisLemmastatesthattheminimjzertofllePla－  

LlatⅥ匂bermode］on themapshowniLIFlgure2  
becomes沌eceLlterOfthemap．   

Moreover，OntheorthographicpTOjectionmap，  

anygreatcirclearcthroughthecenteIaPPearSaS  

ast工aightlirLeSegment；SeeFiguIel・IncontIaSt  
to this，OrL the eqt11reCtang111ar projection map，  

any great circle arc thIOugh the center on the  

Northe工rLⅡemisphere becomes acoIICaVe C11rVe，  

irrespective of selecting standard para11els；See  

FigllreS2．Thisis because the equlIeCtang111ar  

PrOjectionisclassi航edascylindricalprojections・  

IJemma 2．OLlthe equirectangu］ar pro］eCtion  

map，the）ocusofthegreatestcirclearc throug）1  

thecenter oJltheNoTthem Hemisphere appeats  

asaconcavecutve，1rreSPeCtiveofse］ectiIZgStaLl－  

da∫dpa∫山上eJ5．   

Wecallthedemand dataset（Qi，入i），（i∈Z）  

Symmetrica70n（4＞＊，入’）iIIIlisevena・ndforany  

i∈（1，…，別ui＝Wg．i，andtheshortergIeat  
CirclearcconnectingtIlei－thdemandpoirLt and  

the早＋i－thdemandpointalsopassesi¢＊，入＊）・  
Asis evident血om the de伽ition，（¢＊，入’）be－  

COmeS alocalminimizeT tO the spherica．1Weber  

model．From Lemma2，On the equlreCtangular  

1．htrod11Ction  

Althoughmost demand data・tLSedi鳳locatioIlal  
analysislies on tIle Surface of tlle earth，mOSt  

Ofthem aTe nOt SPIlericaldatabllt Planar da・ta・  

Obtained血omamapp工Oducedbysometypeof  
ma，pprOjectioIt．AstheeaIthi＄rO11ndandmaps  

areAa．t，itislmpossibleto鮎ttenthesurIaceof  

theea，rthwithotLtStretCIliIlgOrteanILg．hother  

WOrds，thegeometrical工elationshipsonthestLr－  

faceoftheeartIICanrLOtbeper鮎ctlydtlPlicated，  

regardless of map projection．As a．IeSult，er－  

工OTisirLC11エーedifsllCh pla．rLa．rloca．tion da．ta．ale  

u＄ed．Accordingly，the conclusionsdrawntLSlng  

Plana．rlocationdataareofqtleStiona．blevalidity．  

In this papeT，SuCh a．n erroris termed apro］eC－  

tionerror・A・1thollghexamlnlItgprOjectiorLerrOr  

is ofimportance to decision－makers，little work  
hasbeendonetotheoretica11yclaritythecIlaraC－  

teristicsoIprojectioneTrOr．   

The aim ofthis pape工is to arLalyze how ma．p  

projectiorL afFbct tIle tOCation error，de且ned as  

the difFeTenCe betweeIlthe optima，lloca，tion  

lng SPhericalda．ta and that uslng Planar data，  

asin the Webe工mOdel．Speci魚cal1y，We eXam－  

inetheprojectionerrorofthema．psprojectedby  

equl工eCtangularprojectionwhen anthedemarLd  
POintslieontheNorthernHemispIlere．Thispro－  

jection，Whichis classified as cylindricalproJeC－  

tions，1SVerySimpletocorLStⅢCtandtointe工Pret．  

Inaddition，thisprojection，SOmetimescal1edtIle  

CylindricalequidistantpIOjectiorLwithtwostan－  

daIdpaIallels，iscomp？Sedofanevenlyspaced  

netwo工kofhorizontalpa工allelsandverticalmerid－  

ians，andIl孔Sthe addedbene允t tha．t thescaleis  

tnLeOnal1meridiansandoIltWOParauels．This  

PrOjectionisgoodforcitymapsorestatemaps・   

2．Properties  

P工Ojection map，thelocus of  atest cirと1e a工C  

＋i－th dernaIld  
許  

COrLneCting thei－th a・nd the T；  

POints，and passing throllgh（¢＊，入＊）become a  

COrLCaVe Cu工Ve．Because ofthis concavity，ifthe  

data－Setis symmetricalit fo1lows that the sllm  

Ofthesinesonthe orthogIa・phicpIOjectionmap  
a．regreatertharLthatoftheequl工eCtarLgularpro－  

jection．Therefo工e，this together witIILemma・1  

yieldsthefo1lowlngPrOPOSition：  

Propertyl．凡rthedata（仇，スi），（i∈I）which  

atesymmetrlcaloLl（¢＊，入＊），then theso71thern  

Figu工e2presentstheoTthograpIlicpIOjectionas  
CenteredorLthesphericalWeberpoint．  

Lemmal．1Q＊，l＊）isa］oca］miLlimizettothe  

－138－   

© 日本オペレーションズ・リサーチ学会. 無断複写・複製・転載を禁ず.



directionat（がr，y：）bさcomesadecentdire占tion  
iLltermSOfthep）aLlatⅥ匂betmode）obtaiLledわY  

theequirectaLlgularprojectioLIWithparaLleLsatO，  

irrespectiveof（0＜）0（＜昔）・ 

Figu工e3shows the two types oflocationsfor  
thesecapitalsobtainedbymerglItgFiguresland  

2，SllCIlthat the directioIt and theprojectioI10f  

the spherical Weber point on Figure 1 coincide 

WitIlthoseonFig11re2．InthelatterFigure，the  

CaPitalson tIleOrthographicpIOjection，andthe  

eqturectangularprojectionareQOnneCtedwiththe  

SPhericalWeberpoiIltbysolidlines，anddott占d  

lines，reSPeCtively．We see thatin ea．ch city the  

SOlidliIleSalwqyslieabovethedottedlines．Ac－  

COidiIlgly，WeWOt11dexpect that・ifthestandard  

paral1elscoincidewiththelatitudeofthespheri－  

CalWebe工POirLt，thesumofthesirLeSOnthe oト  

thographicprojectionmapISgreaterthanthatof  

the‘equlIeCta，ngularp工Ojection．  

Lemma3．fbr tムe）ocusofthegreatestcircle  

arccoLlneCtiLlg any tWOPOints■on the Northem  
Hemisphere，itsprqjection？n theorthogLaPhic  

PtqiectioLlmaPlies aboYeits ptqjection oJlthe  

eqtzirectaLZgu］at projection mqp with■the  

dardparaLle］esat the］atittzdeofonepoiLlt，When  

thedirectio∫land theprqjection of沌epointon  
theLbrmermap coincide with theditectloLland  

theprqjectionofthepoiLltOLl‘helattermap．   

Therefore，Lemma3togetIle工with Lemmal  

glVeSthefo1lowiIlgProperty．  

Property2．血termsoftheplaLlarmOdeJob－  

tainedbytheequirectaLZgu］arptqjectioLIWiththe  

StandardparaLte）es at O＊，theLlthesouthem di－  

tection at（E＊，y’） 

termsoftheplanarⅥちbermode）obtainedbythe  
equi∫eCfa∫lguね∫p∫むec症ⅦW九h匹m瓜舶a＝し正  

∫e叩eC伍℃Of（0＜∂＜昔）・  
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Figurel：MaponanEquiTeCtang111arProjection  
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Figure2‥MaponarLOrthograpllicProjectioIl  

、0  

Figure3：TwoTypesoftheLocatiortsofCapitals  
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