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、4わs伽o’　The　present　study　explores　the　possible　extensions　and　improvements　of

spatial　interaction　modeling，　and　provides　an　overview　of　the　generalized　spatial　interac・

tion　models　including　the　new　origin・destination　pair　effects．

　　　It　is　demonstrated　that　a　variety　of　spatial　interaction　models，　given　certain　condi－

tions，　are　actually　identical：including　the　Poisson　gravity　model，　the　log－linear　model，

the　logit　model　and　the　entropy・maximizing　model．

　　　The　doubly　constrained　models　and　the　saturated　log－linear　models　are　fitted　to

migration　flows　between　prefectures　in　Japan　in　1960　and　1985．　The　interaction　effect

and　the伽加g6　coefficient　are　identified．　Then，　improvements　in　the　doubly　constrained

model　are　explored，　adding　the　new　explanatory　variables　relevant　to　the　origin－

destination　pair（except　for　the　distance　between　them）．

　　　Focusing　on　the　similarity　of　these　spatial　interaction　models　allows　the　identifica・

tion　of　the　other　origin－destination　specific　effects　which　are　not　accounted　for　in　the

conventional　spatial　interaction　models．　It　is　important　to　include　the　new　variables

corresponding　to　those　effects　in　the　spatial　interaction　model．　Also，　comparison　with　the

multinomial　Iogit　model　makes　the　interpretation　of　those　effects　in　the　behavioral

context　feasible．
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1．Introduction

　　　Atheoretical　extension　of　the　classical　gravity　model　based　on　social　physics　was

provided　by　Wilson（1967），　as　Sugiura（1986）has　shown．　The　importance　of　spatial

interaction　modeling　as　one　of　the　sub－models　of　urban　modeling，　location　modeling　and

location－allocation　modeling　has　been　recognized　in　the　field　of　geography　and　urban

planning（Yano，1990）．　As　a　result　of　the　continuing　controversy　regarding　model

misspecification，　interpretation　of　distance－decay　parameters，　and　calibrations（Baxter，

1983），various　spatial　interaction　models　have　recently　been　developed（lshikawa，1988）．
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At　the　same　time，　it　has　been　found　that　the　majority　of　these　spatial　interaction　models

are　identical　and　have　the　same　statistical　properties（Baxter，1982）．　Therefore，　the

spatial　interaction　models　一　the　entropy－maximizing　model（Wilson，1967），　the　Poisson

gravity　models（Flowerdew　and　Aitkin，1982），　the　log－linear　model（Willekens，1983a，

b），the　competing　destinations　model（Fotheringham，1983）and　the　logit　model（Ben－

Akiva　and　Lerman，1985）－are　integrated　using　generalized　linear　modeling（Nelder

and　Wedderburn，1972）．　These　spatial　interaction　models　are　specified　by　Poisson

regression，　postulating　that　the　flow　is　one　of　the　occurrences　of　the　random　variable

assumed　to　have　a　discrete　probability　distribution　such　as　a　Poisson　distribution．　Each

spatial　interaction　model　is　distinguished　by　the　included　explanatory　variables（Yano，
1991）．

　　　　The　present　study　explores　the　improvement　in　spatial　interaction　models，　taking

account　of　their　similarity．　A　comparison　between　the　doubly　constrained　model　and　the

log・linear　model　allows　the　identification　of　other　origin－destination　specific　effects

（except　the　distance　between　them）not　accounted　for　in　conventional　spatial　interaction

models．　Moreover，　in　conceptualizing　these　effects　and　adding　them　to　the　doubly

constrained　mode1，　it　is　possible　to　establish　generalized　spatial　interaction　models　at　an

aggregate　leveL　It　is　shown　that　origin・destination　specific　effects　are　related　to　the

concept　of　the　utility　of　the　multinomial　logit　model，　which　is　one　of　the　discrete　choice

models　that　conceptually　and　operationally　reflect　the　decision・making　process．

　　　These　arguments　will　be　illustrated　with　data　on　the　numbers　of　migrants　in　1960

and　1985　between　pairs　of　the　46　prefectures　in　Japan．　The　results　of　fitting　the　doubly

constrained　model　and　the　saturated　log－linear　model　to　the　data　are　described．　The

relationships　between　origins　and　destinations，　that　is，　the　pair－specific　effects，　are

identified，　and　their　features　are　clarified　by　looking　at　the　difference　between　the

interaction　effect　of　the　log－linear　model　and　the　distribution　function　of　the　doubly

constrained　model．　Improvements　in　generalized　spatial　interaction　models　are　discus・

sed，　including　the　new　explanatory　variables　relevant　to　the　pair－specific　effects．

2．The　Integration　of　Spatial　Interaction　Models　Using　the　Poisson　Gravity
　　Model

　　　Most　spatial　interaction　models　developed　recently　are　generalized　linear　models，

i．e．，　they　regard　the　observed　flow　as　one　of　the　occurrences　of　a　random　variable

assumed　to　have　a　discrete　probability　distribution．　These　spatial　interaction　models　are

specified　by　Poisson　regression　and　differentiated　by　the　explanatory　variables　included

in　them．　One　of　the　characteristics　of　Poisson　regression　is　that　an　iteratively　reweighted

Ieast　squares　procedure　is　needed　to　estimate　the　regression　parameters．　This　can　easily

be　done　using　a　computer　package　such　as　GLIM（Generalized　Linear　Interactive
Modeling）（Payne，1987）．　In　this　section，　the　doubly　constrained　model　and　the　log－1inear

model　are　respecified　using　the　Poisson　gravity　model，　and　the　possible　extensions　and

improvements　in　spatial　interaction　modeling　are　explored　by　comparing　the　two　models．
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The　Poisson　gravity　model
　　　　The　characteristics　of　Poisson　regression　are　clarified　by　contrasting　them　with

Ordinary　Least　Squares　regression．　In　Ordinary　Least　Squares　regression　the　predicted

value　of　the　dependent　variable　is　equal　to　a　linear　combination　of　the　independent　or

explanatory　variables，　and　the　estimated　mean　of　the　random　variable　is　assumed　to

have　a　continuous　normal　distribution．　In　short，　the　observed　value　of　the　dependent

variable　can　be　envisaged　as　a　realization　of　the　random　variable．　In　Poisson　regression

the　random　variable　is　assumed　to　have　a　Poisson　distribution．　This　characteristic　is

markedly　different　from　that　assumed　by　Ordinary　Least　Squares　regression．　That

feature　is　appropriate　in　situations　where　the　dependent　variable　consists　of　counts　and

is　a　non－negative　integer．　Moreover，　in　the　Poisson　gravity　model，　the　total　estimated

frequency，　that　is，　the　total　flow，　is　exactly　equal　to　the　total　observed　frequency

（Fotheringham　and　Williams，1983）．

　　　If　there　is　a　small　constant　probability　that　any　individual　in　origin　i　will　move　to

destinationノ，　and　that　movements　of　individuals　are　independent，　then　if　the　population

of　i　is　large，　the　number　of　individuals　recorded　as　moving　from　i　to／will　have　a　Poisson

distribution．　In　Poisson　regression　the　estimated　value　of　the　dependent　variable　is　equal

to　the　estimated　mean　value　of　the　random　variable　and　the　variance（Lovett，1984）．

According　to　a　Poisson　distribution，　the　probability　of　the　flow　between　origin　i　and

destinationブ，　p（’ごゴ），　is　represented　as　follows：

　　　　　　e－e’」　e8i」
P（ti」）　＝＝

　　　　　　　　ti」　！
（1）

　　　It　is　assumed　that　the　parameterθゴゴis　logarithmically　Iinked　to　a　linear　combina－

tion　of　the　explanatory　variables．　Using　the　logarithms　of　the　origin　and　destination

populations，乙ろ・andレ；．，　and　distance，砺，　as　explanatory　variables，　the　following　equation

is　derived：

θi」＝exp（βD＋β11n　Ui＋β21n「レつ＋β31ndi」）． （2）

　　　The　Poisson　gravity　model　is　able　to　overcome　the　disadvantages　of　the　conven－

tional　gravity－type　models（Fotheringham　and　Williams，1983）．　However，　it　appears

that　the　Poisson　gravity　model　may　be　inadequate　in　migration　flows，　because　most　of

the　households　involved　in　interurban　migration　have　more　than　one　member　and　each

migrant　is　not　independent（Flowerdew　and　Aitkin，1982）．　Moreover，　there　is　a　problem

regarding　the　inclusion　of　adequate　explanatory　variables　into　the　model－aproblem

common　to　all　spatial　interaction　models．　Above　and　beyond　the　additional　explanatory

variables，　other　efforts　have　been　made　to　refine　and　improve　the　spatial　interaction

model．　Lovett　et　al．（1985）demonstrate　that　by　incorporating　sectoral　and　intervening

opportunities　variables，　acceptable　Poisson　gravity　models　of　the　apprenticeship　migra－

tion　flows　to　Edinburgh　between　1675　and　1799　may　be　identified．　Flowerdew　and

Lovett（1988）show　that　substantial　improvements　have　been　made，　through　the　use　of

the　contiguity　variable　and　the　naval・base・interaction　variable，　in　constrained　models

fitted　to　migration　flows　between　labor　market　areas　in　Great　Britain．　In　any　case，　the

Poisson　gravity　models　have　the　advantage　that　different　or　additional　explanatory
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variables　can　be　easily　fitted．

Tlle　entropy－maximizing　model
　　　For　the　number　of　trips　from　origin　i’and　destinationブ，7｝》，　in　the　spatial　interaction

system　with　N　origins　and　N　destinations，　the　family　of　the　entropy－maximizing　models

can　be　constructed　using　the　combination　of　production・constraint　and　attraction－

constraint　given　by　equations（3）and（4）．　The　four　cases　are　known　as　unconstrained，

production・constrained，　attraction－constrained　and　doubly　constrained　models（Wilson，
1971）．

α＝ΣゴTi」・，　i，ノ＝・1，＿2V，

Dゴ＝Σ，Ti，・・，ガ，ノ＝1，＿2＞．

））004（（

　　　The　unconstrained　model，　i．　e．，　the　model　which　has　no　constraint　on　either　origin　or

destination　totals，　is　given　by　equation（5）．　This　model　is　identical　to　the　conventionaI

gravity　mode1：

篇＝κひ巧・ん， （5）

where　U，　represents　the　origin　emissiveness　variable；V」・represents　the　destination

attractiveness　variable；i’」represents　the　distribution　function　taken　as　the　power

function　with　distance；and　K　is　the　scale　parameter，　to　ensure　that　the　sum　of　the　flows

predicted　by　the　model　is　equal　to　that　of　the　actual　ones．

　　　In　the　production－constrained　mode1，　the　total　outflow，　O，，　is　assumed　to　be　known．

We　use　an　attractiveness　factor，　V」・，　to　represent　the　influence　of　placeブon　choice　of

destinations．　A　single　set　of　balancing　factors，　A，，　is　calculated　to　ensure　the　constraint

of　the　total　outflows．　The　production・constrained　model　can　be　written：

T、，・＝A，O，岬2ん・， （6）

with

A，＝1／Σ，巧β2．ん．

　　　The　attraction－constrained　model　with　total　inflow，易，

of　origin　i，ころ・，　is

Ti」＝βノ1ガ1ρノん・，

（7）

and　an　emissiveness　factor

（8）

with

B」・＝1／Σ，ぴ1ん， （9）

to　ensure　the　constraint　of　the　total　inflows．

　　　In　the　doubly　constrained　model，　both　outflow　and　inflow　totals　are　known．　Calculat・

ing　the　balancing　factors，　A，　and　Bノ，　to　ensure　that　two　trip－end　constraints　of　outflow

and　inflow　totals　are　satisfied　simultaneously，　the　following　formulas　are　obtained：

んん易易島β識呂瀞乃A
））011⊥－（（
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Bゴ＝1／Σ，A，　O，ん． （12）

　　　The　equivalence　between　the　entropy－maximizing　models　and　the　Poisson　gravity

models　applies　where　production－and／or　attraction－constraints　are　employed（Flower－

dew　and　Lovett，1988）．　Fitting　the　production－constrained　model　is　equivalent　to　fitting

afactor（called　a　dummy　variable）in　the　Poisson　gravity　mode1，　where　the　factor　has　a

different　value　for　each　origin．　The　attraction・constrained　model　can　be　fitted　in　an

analogous　manner，　while　a　doubly　constrained　model　is　fitted　by　two　factors　simultane－

ously，　one　representing　origins　and　one　representing　destinations．　The　unconstrained

model　is　identical　to　the　Poisson　gravity　model　shown　by　equation（2），　which　is　specified

by　the　emissiveness　variable　of　an　origin，　the　attractiveness　variable　of　a　destination　and

the　distance　between　them　without　factors．

　　　The　doubly　constrained　model　with　a　power　distance　function　then　becomes　the

following　gravity　model　taken　as　Poisson　regression：

Ti，・・＝exp（const．＋ORI（の＋DES（ノ）＋β1nゴの， （13）

where　O、RI（のand　DES（ブ）represent　factors　for　origin　i　and　destinationブ，　respectively．

　　　Equations（10）and（13）are　identical，　and　in　the　Poisson　gravity　model　an
exponential　value　of　a　factor　for　origin　i，　exp（01～1（の），　is　proportionally　equivalent　to　the

product／1，0，，　and　e文P（1）ES（ブ））is　proportionally　equivalent　to　the　productβノD」in　the

doubly　constrained　model．　The　distance　parameter　estimated　by　the　Poisson　gravity

model　is　identical　to　that　estimated　by　the　doubly　constrained　model　with　a　power

distance　function（Yano，1991）．

The　lO9・linear　mOdel
　　　The　log－linear　model　can　be　regarded　as　a　special　case　of　the　Poisson　gravity　model

with　adequate　factors　for　an　origin　and／or　a　destination．

　　　The　log・linear　model　is　appropriate　for　data　from　categorical　or　qualitative　vari－

ables．　The　main　objective　of　this　model　is　to　specify　and　quantify　the　patterns　of

association　between　cross－classified　variables．　Log－linear　models　are　useful　in　that　1）

they　decompose　a　data　set　into　components　or　parameters，　each　of　which　represents　the

effects　on　the　data　of　each　variable　and　of　combinations　of　variables　in　cross－

classification；and　2）they　describe　these　structures　by　a　few　parameters．　The　effect　of

aparticular　variable　is　referred　to　as　the　main　effect，　expressing　the　contribution　to　the

data　structure　of　the　prevalence　of　the　variable．　The　effect　of　composite　variables　is

denoted　as　an　interaction　effect（Bishop　et　al．，1975；Everitt，1977）．

　　　In　spatial　interaction　modeling，　the　origin－destination　table　is　viewed　as　a　cross－

classification　with　R　origins（rows）and　C　destinations（columns）．　The　saturated　log－

linear　model　can　be　written　in　the　following　multiplicative　form：

Ti」一ωω鋤タ鵡β， （14）

where

w－［nij　Ti」・］’／RC，

ωヂー（1／w）［nj　T，，・］’／c，

（15）

（16）
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z〃∫ヨ＝（1／w）［Hゴ7司111～，

磁β＝為／＠ω鋤の，

））78811⊥（（

and　the　parameters　satisfy　the　following　constraints：

n副’－nゴωク＝1．0，

Hiw≦｝8＝Hゴz〃≦｝β＝1．0．

））
0ヲ01⊥り乙

（（

　　　　The　overall　mean　effect　is　a　size　effect；it　is　the　geometric　mean　of　all　Tirelements．

The　main　effects　denote　the　origin　and　destination　effects，　the　former　corresponding　to

the　emissiveness　of　origin　i，・　with　the　latter　being　the　attractiveness　of　destinationブ．　The

interaction　effect　indicates　an　association　between　origin　i　and　destinationブ；it　captures

the　true　spatial　effect，　and　the　distribution　function　is　merely　a　proxy（Willekens，1983a，

b）．If　the　interaction　effect　is　absent　in　the　origin・destination　matrix，　and　hence磁β＝1．O

for　all　i　andノ，　the　frequencies　of　flows　may　be　determined　by　the　overall　mean　effect　and

the　main　effects　of　the　origin　and　the　destination　only．

　　　The　log・linear　model　can　be　specified　by　the　Poisson　gravity　model　as　in　equation

（21）．In　the　log・linear　mode1，　the　overall　mean，　w，　the　main　effects　of　row　i　and　column

ブ，z〃ヂand　wタ，　and　the　interaction　effect，　w≦｝8，　correspond　to　the　constant，　the　factors　for

origin　i　and　destinationブ，　ORI（のand　DES（ブ），　and　a　factor　for　the　pair　of　origin　i　and

destinationブ，α～1（の．DES（ブ），　in　the　Poisson　gravity　mode1．

Tij・＝exp（const．十〇RI（の十DES’（ノ）十（）RI（の．　DES（ブ））． （21）

　　　In　estimating　the　parameters　of　the　log－linear　mode1，　there　are　two　possible　strat－

egies，　the‘centered　effect’and　the‘cornered　effect’interpretations（Wrigley，1985；

Matsuda，1988）．　The　computer　package　GLIM　uses　the‘cornered　effect’interpretation，

assuming　that　the　base　cell　is　the　ce11ゴ＝1　andブ＝1．　However，　in　the　present　study，　the

‘centered　effect’interpretation　will　be　adopted．　Both　methods　can　produce　the　same

predicted　frequencies；however，　the　parameter　estimates　of　the　log－1inear　models　and　the

interpretation　of　these　estimates　differ　according　to　the　constraint　systems　used．

3．The　Relationship　between　the　Entropy－maximizing　Model　and　the　Log・
　　linear　Mode1

　　　The　strong　relationship　between　the　doubly　constrained　spatial　interaction　model

and　the　multiplicative　saturated　log－1inear　model　has　been　known（Willekens，1983a，b）．

Comparison　with　the　subscripts　i　andブ，　which　denote　originゴand　destinationブin　these

models，　suggests　that　the　parameters　in　the　saturated　log－1inear　model　are　composed　of

products（A，O，）and（βゴ0ン）．　The　interaction　effect　corresponds　to　the　distribution　func－

tionん，　which　captures　the　true　spatial　effect　exhibited　by　the　observed　flow　matrix

（Willekens，1983a，b）．　In　a　doubly　constrained　mode1，　the　distribution　function　is　the　only

proxy　to　the　spatial　effect、

　　　The　parameters　included　in　both　models　can　be　calculated　based　on　the　maximum－

likelihood　estimation，　known　as　the　Poisson　gravity　model（Yano，1991），　and　have
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similar　statistical　properties（Baxter，1982）．　As　Willekens（1983a）has　shown　using　a

numerical　illustration，　if　the　doubly　constrained　model　is　calibrated　with　the　interaction

effect　rather　than　with　the　usual　distribution　function，　then　the　predicted　flows　are

identical　to　the　observed　ones．　Also　the　balancing　factors　of　the　associated　doubly

constrained　model　are　proportionally　identical　to　the　main　effects．　However，　direct

comparison　of　the　distribution　functionんand　the　interaction　effect磁8　is　misleading，

because　the　latter　effect　is　scaled　according　to　constraint　（20）．　In　order　to　identify　the

spatial　effects　or　relationships　between　origin　i　and　destinationブincluded　in　the　distribu－

tion　function，　the　interaction　effects　of　the　log・1inear　model　for　the　distribution　function

need　to　be　determined．　Although　it　is　not　usual　to　apply　the　log・linear　model　for

continuous　data，　the　matrix　of　the　distribution　function　can　be　modeled　by　the　log－1inear

model　to　derive　the　following　relationship：

ん＝d多一の勿鏑ゴ8鵡β， （22）

and

Cb＝［砺瑚1〆NN，

耐＝（1／di）［Hプ瑚’！N，

耐＝（1／Cb）［H、瑚1！N，

鵡β＝d多／＠勿物タ），

（23）

（24）

（25）

（26）

where　the　numbers　of　origins　and　destinations　are　2V　and／V，　respectively；the　power

distribution　functionゐゴ（＝d9－・）is　specified　by　the　doubly　constrained　model（10）．

　　　This　interaction　effect　of　the　distribution　function　captures　the　relationship　between

origin　i　and　destinationブ，　accounted　for　in　the　doubly　constrained　modeL　Thus　the

doubly　constrained　model　is　one　method　of　finding　a　matrix　which　satisfies　the　given

marginal　constraints　and　imposes　the　interaction　effect　of　the　distribution　function　onto

the　flow　matrix．　In　this　case，　the　main　effects　of　origins　and　destinations　on　the

distribution　function　are　identical（as　long　as　the　matrix　of　the　distances　between　them

is　symmetrical），　to　the　geometric　means　of　elements　of　a　row　and　a　column，　respectively．

Thus　these　effects　represent　the　accessibilities　of　origins　and　destinations．　The　values

have　a　tendency　to　be　higher　in　the　central　area　of　the　spatial　system　analyzed　than　in

the　periphery．　This　accessibility　is　defined　by　distances　only（Pirie，1979），　unlike　in

Fotheringham’s（1983）definition．
　　　The　relationship　between　the　doubly　constrained　model　and　the　saturated　log・1inear

model　may　be　seen　in　detail　by　applying　a　log－linear　model　to　the　predicted　flows

obtained　by　the　doubly　constrained　model．　The　symbol“一”indicates　the　parameters

modeled　for　the　predicted　flows，　Ti」・’s：

Ti」・＝．4，　O，　B」　D」ん，

　　rんαBブDゴ（勿の鋤タ鵡8），

　　＝勿ガガ鵡β． （27）

　　　As　Willekens（1983a，b）indicates，　it　should　be　emphasized　that　the　interaction　effect

of　the　predicted　flow　matrix，磁B　with“一”，　is　identical　to　that　of　the　distribution

function　matrix，娚8　with“～”．　This　is　why　the　entropy－maximizing　model　is　called　the
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biproportional　adjustment　model　or　the　RAS　method（Macgill，1977）．　The　bipropor－

tional　adjustment　model，　in　the　case　of　the　two－dimensional　contingency　table，　consists

of　finding　a　matrix　which　satisfies　the　given　marginal　constraints　and　which　is　bipropor－

tional　to　the　given　matrix．　This　method　is　also　called　mostellerizing（Mosteller，1968；

Upton，1978）．　The　relationship　between　cells　in　the　contingency　matrix　is　an　odd・rate

which　is　independent　of　the　scales　of　row　totals　and　column　totals，　and　is　the　interaction

effect　of　that　matrix．　Accordingly，　the　doubly　constrained　model　is　a　biproportional

adjustment　method　for　the　OD（Origin－Destination）matrix，　using　the　total　outflow　and

total　inflow　of　each　place　and　the　distribution　function　matrix．

　　　　The　relationship　among　the　main　effect，ωヂwith“一”，　total　outflow，α，　and　the

balancing　factor，　A，，　is　as　follows：

ガ窄Aαガ，
A知ガ／（α瑚＝1／耐．

（28）

（29）

　　　　The　main　effect　of　originゴin　the　log－linear　model　for　the　predicted　flow　matrix，卿許

with“一”，　is　proportional　to　the　total　outflow　emanating　from　that　origin，　i．e．，α．　The

emissiveness　of　origin　i　in　the　doubly　constrained　model　is　represented　in　the　multiplica・

tion　of　the　balancing　factor　of　origin　i，　A，，　the　total　outflow　of　origin　i，　and　the　main

effect　of　that　origin　on　the　distribution　function，ω許with“～”．　Several　interpretations　of

balancing　factors　have　been　provided（Yano，1989）．　Based　on　a　comparison　with　the

log－linear　model，　balancing　factors　are　interpreted　as　the　inverses　of　the　main　effects　of

the　distribution　function，　which　are　equivalent　to　the　accessibilities　of　origins　or　destina－

tions．　Accordingly，　balancing　factors　play　the　role　of　eliminating　the　influence　of　the

spatial　pattern　of　origins　or　destinations，　within　the　distribution　function，　from　the

emissiveness　or　attractiveness　in　the　doubly　constrained　modeL　In　other　words，　balancing

factors　can　be　regarded　as　terms　adjusting　the　accessibilities　of　origins　or　destinations，

which　correspond　to　the　main　effects　of　the　distribution　function．　These　results　prove　the

validity　of　Wilson’s（1970）interpretation　of　balancing　factors（Yano，1992b）．

　　　　The　relationship　between　an　origin　and　a　destination，　removing　the　effects　of

accessibilities　of　that　origin　and　that　destination　from　the　distribution　function，　is

correctly　used　in　the　conventional　doubly　constrained　model．　This　relationship　shows

that　the　distances　in　the　accessible　area　are　overestimated，　while　those　in　the　inaccessible

area　are　underestimated．　Consequently，　in　the　doubly　constrained　model，　the　predicted

flows　in　the　accessible　area　are　inevitably　overestimated，　while　those　in　the　inaccessible

area　are　underestimated（Yano，1992b）．

　　　　Several　attempts　have　been　made　recently　to　adopt　the　historical　flow　matrix

instead　of　the　distribution　function（Snickars　and　Weibul1，1977；Scholten　and　Wissen，

1985），and　these　attempts　demonstrate　the　superiority　of　the　use　of　the　historical　flow

matrix．　In　this　case，　the　adopted　relationship　between　an　origin　and　a　destination　is　not

the　value　of　the　historical　flow　but　the　interaction　effect　of　the　historical　flow　matrix
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　タ

calculating　the　balancing　factors　not　corresponding　to　the　inverses　of　the　accessibilities

of　an　origin　and　a　destination．　This　indicates　that，　although　the　values　of　flows　fluctuate

greatly，　the　relationships　between　places　do　not　change　over　time（Murauskas　et　al．，

1986）．Therefore，　the　doubly　constrained　model　incorporating　either　the　historical　flow
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matrix　or　the　interaction　effect　contained　in　that　matrix　may　advance　the　use　of　the

spatial　interaction　model　for　forecasting．

　　　These　studies　indicate　that　the　comparison　between　the　interaction　effects　of　the

observed　flow　matrix　and　of　the　specified　distribution　function　allows　the　identification

of　the　unspecified　relationships　of　origin－destination　pairs　in　the　doubly　constrained

model．　The　specification　of　those　relationships　and　their　addition　as　new　explanatory

variables　to　the　doubly　constrained　model　make　the　improvement　of　spatial　interaction

modeling　feasible．　Adding　further　variables　referring　to　either　the　origin　or　the　destina－

tion　alone，　however，　makes　no　sense　since　these　effects　are　adjusted　by　the　balancing

factors（Flowerdew　and　Lovett，1988）．　Accordingly，　the　appropriate　form　of　pair－

specific　components　must　be　added　in　the　doubly　constrained　model．

4．Towards　the　Improvement　of　Spatial　Interaction　Models

　　　Although　spatial　interaction　models　have　long　been　used　to　analyze　and　forecast

spatial　flow　patterns，　there　is　Iittle　agreement　as　to　model　misspecification，　interpreta・

tion　of　distance－decay　parameters，　and　calibrations（Baxter，1983）．　The　misspecification

problem　is　well　known　as　the‘map　pattern　problem’（Sugiura，1986；Ishikawa，1988），

which　originated　in　the　following　controversial　statement：“The　estimated　effects　of

geographic　distance　are　likely　to　be．biased　in　gravity　models　by　the　spatial　structure

（i．θ．，the　particular　configuration　of　origins　and　destinations）under　investigation，　and　by

the　existence　of　spatial　autocorrelation　between　mass　variables”（Curry，1972；Curry　et

al．，1975；ShepPard　et　al．，1976；Cliff　etα1．，1974，1975　and　1976；Johnston，1973，1975

and　1976）．　The　controversy　surrounding　this　problem　suggests　that　spatial　interaction

models　for　data　on　flows　between　sets　of　origins　and　destinations　may　often　be　mis－

specified　because　of　a　failure　to　account　for　the　influence　of　spatial　structure　and　other

factors　that　affect　flows．

　　　　To　address　this　controversy，　spatial　variation　of　distance－decay　parameters　of

origin・specific　constrained　models（Itoh，1986）and　the　relationship　between　spatial

structure　and　spatial　interaction（Griffith　and　Jones，1980）have　been　empirically　inves・

tigated．　Fotheringham（1983）demonstrates　that　the　spatial　variation　in　origin－specific

distance－decay　parameters　harmonizes　with　the　spatial　pattern　in　accessibility，　which

measures　population　potential　of　a　destination　with　respect　to　all　other　destinations．

Further，　he　shows　that　including　that　term　in　the　production・constrained　gravity　model

eliminates　spatial　variation　of　distance－decay　parameters．　This　model　is　termed　a

competing　destinations　model，　based　on　a　behavioral　interpretation　when　destination

choice　is　hierarchica1．　The　competing　destinations　model　attempts　to　identify　a　spatial

structure　variable　that　should　be　incorporated　in　conventional　spatial　interaction　models，

and　shows　the　importance　not　only　of　the　usual　mass　and　distance　effects　but　also　of　the

elements　of　accessibility　and　competitiveness　in　flow（Fotheringham　and　O’Kelly，1989；

Ishikawa，1988；Sugiura，1988）．

　　　　Accessibility，私ゴ，　defined　by　Fotheringham（1983），　is　specified　as　follows：
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私げ＝Σ】h／14，d，d・，≠i，ノ， （30）

where　Mh　represents　the　mass　of　place　k，　d」k　represents　the　distance　between　k　andノ，　and

σis　a　parameter　estimated　independently　or　exogenously．瓦ゴmeasures　the　accessibility

of　destination／to　all　other　alternative　destinations　as　perceived　by　migrants　in　origin　i

－that　is，　its　spatial　structure．　The　value　of　the　accessibility　increases　within　the　area

where　the　other　destinations　are　clustered　close　together　around　destinatiohノ，　and

decreases　within　the　area　where　they　lie　separately　around　that　destination．　Thus　the

competing　destinations　model　is　given　by

T．・＝AαβノD，・d多H5． （31）

　　　　In　the　competing　destinations　mode1，α〈O　when　competitive　forces　are　dominant　in

the　spatial　interaction　system，α＞O　when　agglomerative　forces　are　present，　andα＝O

when　the　two　forces　are　in　equilibrium．　Equation（31），　then，　is　identical　to　the　doubly

constrained　model．　Consequently，　Fotheringham（1983）demonstrates　that　including　the

accessibility　of　the　destination　in　the　constrained　models　may　avoid　the　misspecification

caused　by　the　effect　of　the　spatial　structure－that　is，　the‘map　pattern　problem’．

　　　　This　accessibility　can　be　regarded　as　one　of　the　origin－destination　pair－specific

effects　not　accounted　for　in　the　conventional　spatial　interaction　models．　It　is　one　of　the

factors　making　up　the　relationship　between　an　origin　and　a　destination（other　than　the

distance），　which　contributes　to　producing　the　difference　between　the　interaction　effects

of　the　observed　flow　matrix　and　the　distribution　function．

　　　Another　pair－specific　effect　must　also　be　considered．　Baxter　and　Ewing（1986）

explore　the　possibility　of　improvement　of　spatial　interaction　models（with　the　exception

of　Fotheringham’s　competing　destinations　mode1），　adding　the　following　terms　for

measuring　origin－destination　relationships：1）the　nearest　opportunity　effect　which　rep－

resents　whether　destinationブis　the　nearest　destination　from　origin　i，　and　2）the　near・

ness／cost　interaction　which　takes　into　account　the　distances　to　destinations　up　to　some

critical　threshold．

　　　Recently，　Fik　and　Mulligan（1990）developed　the　competing　central　places　model

based　on　Fotheringham’s　competing　destinations　model．　This　model　incorporates　the

new　explanatory　variables　defined　in　the　next　section－the　effects　of　competing　and

intervening　central　places　within　the　hierarchical　spatial　system．　The　effects　of　compet・

ing　central　places　can　be　thought　of　as　a　jointly　competing　origins－destinations　accessibil・

ity，　given　that　both　the　order　of　the　origin　and　the　distance　between　i　andブplay　an

explicit　role　in　delimiting　the　range　of　competing　flows．　The　effects　of　hierarchical

intervening　opportunities　are　defined　by　opportunities　between　i　andブ，　for　the　order　of

destinations　and　for　intervening　oPPortunities　at　distances　equal　to　or　less　than　the

distance　from　origin　i　to　destinationブ．　Certainly　the　conventional　spatial　interaction

models　have　omitted　a　vital　variable　for　measuring　the　hierarchical　spatial　structure

effects．　However，　Fik　and　Mulligan（1990）use　a　multiple　regression　technique：the

conventional　log－normal　gravity　model，　not　the　generalized　linear　mode1．　Hence　compari・

son　of　results　with　those　obtained　using　the　entropy－maximizing　model　is　quite　unsatis－

factory．
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　　　It　seems　reasonable　to　suppose　that　the　spatial　pattern　of　the　other　places（excluding

places　making　up　that　origin－destination　pair）and　the　hierarchical　structure　of　places　are

incorporated　in　the　conventional　spatial　interaction　models．　The　former　effects　can　be

seen　as　an　extension　or　a　generalization　of　sociologist　Stouffer’s（1960）intervening

opportunities　and　competing　migrants　formulations．　The　intervening　opportunities　are

defined　by　the　number　of　opportunities，　such　as　total　number　of　in・migrants，　within　the

area　between　origin　i　and　destinationブ．　The　competing　migrants　are　defined　by　the

number　of　opportunities　from　a　destination－based　standpoint：for　example，　the　opportu－

nities　at　a　distance　equal　to　or　less　than　the　distance　from　a　destination　to　an　origin．

However，　Stouffer　uses　the　intervening　opportunities　instead　of　the　distance　between

origin　i　and　destinationブ．　Porter（1964）constructs　the　generalized　spatial　interaction

model　by　incorporating　the　effects　of　intervening　opportunities　into　the　classical　log－

normal　gravity　mode1，　and　explores　the　validity　of　the　model　by　applying　it　to　telephone

calls，　migration　and　highway　traffic　data　in　Nebraska．　Consequently，　he　notes　that　it　is

important　to　conceptualize　the　ideas　of　the　effects　while　taking　into　account　the　decision一
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making　process　of　the　mover．

　　　In　a　study　of　interurban　migration　in　Great　Britain，　Flowerdew　and　Lovett（1988）

demonstrate　that　substantial　improvements　have　been　made　through　the　incorporation　of

the　contiguity　variable　and　the　naval・base・interaction　variable　into　the　Poisson　con－

strained　gravity　model．　These　additional　variables　are　based　on　the　kind　of　spatial

interaction，　and　detected　through　the　analysis　of　residuals．　Therefore，　this　study　provides

apoor　representation　of　the　conceptualization　of　the　decision－making　process．

　　　The　above　arguments　indicate　that　the　variables　of　the　origin・destination　pair－

specific　effects　added　to　the　spatial　interaction　models　are　the　competing　effect，　the

intervening　oPPortunities　effect　and　the　hierarchical　effect．　In　the　present　study　a

generalized　spatial　interaction　model　will　be　constructed，　incorporating　these　effects　into

the　doubly　constrained　model．　In　the　hypothetical　spatial　interaction　system　presented　in

Fig．1－a，　these　effects　are　illustrated　diagrammatically．

The　competing　effect（Fig．1－b）

　　　　The　competing　effect　represents　the　spatial　relationships　of　other　destinations　for

some　origin－destination　pair　from　a　destination－based　standpoint．　This　effect　is　measured

by　the　accessibility　of　destinationブto　all　other　alternative　destinations　as　perceived　by

migrants　of　origin　i．　There　are　two　kinds　of　accessibility．　The　first　is　a　distance　measure

of　accessibility　as　in　equation（32），　and　the　other　is　a　gravity　measure　as　in　equation（33）

（Pirie，1979）：

Hij＝Σん巖，ん≠i，ノ，

Hガ＝Σ々ル1々 巖，々≠i，ノ，

））9白り0903（（

where〃h　represents　the　mass　variable　of　place々 ．　Although　the　other　alternative

destinations－except　for　origin　i　and　destinationブーmay　be　circumscribed　by　the　area

relating　to　the　position　of　the　origin・destination　pair（Fik　and　Mulligan，1990），　the

effects　of　the　relevant　destinations　on　accessibility　vary　with　the　value　of　the　distance

parameter，σ，　in　equations（32）and（33）．　Thus，　as　the　value　ofσincreases，　the　effects

on　accessibility　of　alternative　destinations　far　from　destinationブdecrease，　and　can　be

eliminated．　Therefore，　it　is　not　necessary　to　define　the　area　that　is　affected　by　accessibil－

ity．　By　changing　the　distance　parameter，　that　area　can　be　delimited．　In　the　present　study，

those　cases　in　which　the　values　ofσare－1．0，－1．5　and－2．O　are　examined．　It　may　be

noted　that　equation（33）is　identical　to　the　accessibility　in　Fotheringham’s　competing

destinations　model．

The　intervening　opportunities　effect（Fig．1－c）

　　　The　intervening　opportunities　effect　represents　the　spatial　relationships　of　the　other

destinations　for　some　origin－destination　pair　from　an　origin・based　standpoint．　This　effect

is　measured　by　the　accessibility　of　origin　i　to　all　other　alternative　destinations　except　for

origin　i　and　destinationノ，　as　perceived　by　migrants　of　origin　i，　as　is　the　competing　effect：

　．必・ゐ親丸雛々観鵡砥ル激近ゼHE ））
4じ0り090（（
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　　　Although　it　is　possible　to　delimit　the　area　which　includes　the　relevant　origin（Stouf－

fer，1960），　as　in　the　case　of　the　competing　effect，　this　particular　area　is　not　delimited　in

the　present　study．

The　hierarchical　effect（Fig．1－d）

　　　　The　hierarchical　effect　represents　the　hierarchical　relation　of　the　origins　or　the

destinations　and　is　incorporated　in　the　competing　and　the　intervening　opportunities

effects（Fik　and　Mulligan，1990）．　For　example，　the　hierarchical　competing　effect　is

specified　by　the　accessibility　of　the　destination　to　the　other　alternative　destinations

which　are　of　the　same　or　a　higher　order．　The　accessibility　is　calculated　by　equation（32）

or（33）．　The　hierarchical　orders　of　each　place　are　specified　exogenously．　The　hierarchi－

cal　intervening　opportunities　effect　is　measured　as　well，　with　the　distance　to　destination

i　replaced　with　the　distance　from　origin　i：

11ガニΣ々d，d・，，　k≠i，ノandん∈｛s；zん≧馬｝，

Hi」＝Σ々　M々 　d」，，々≠i，ノand　k∈｛S；2た≧る・｝．

（36）

（37）

　　　In　specifying　the　hierarchical　effect，　two　restrictions　are　used：1）for　those　destina－

tions　of　the　same　or　a　higher　order　than　destinationブ（k∈｛s；z。≧zブ｝），　and　2）for　those

destinations　of　the　same　or　a　higher　order　than　origin　i（々∈｛s；z詳2、｝），　where　2々

represents　the　order　of　place　k．

　　　The　effects　discussed　in　this　section　are　summarized　in　Table　1．　They　are　not

independent　but　interrelated：the　accessibility　based　on　a　gravity　measure　which　includes

the　population　of　each　destination　is　inevitably　incorporated　into　the　hierarchical　effect．

Therefore，　because　strong　correlations　exist　between　these　effects，　in　the　present　study，

explanatory　variables　measuring　these　effects　are　incorporated　separately　in　the　general－

ized　spatial　interaction　models．

Table　1．　New　origin－destination　pair－specific　effects

EFFECT ACCESSIBILITY HIERARCHICAL
EFFECT MODEL

Competing A）Distance a）None
b）9詳ろ
c）Zk　｝1　Zj

CAal・2・3
CAb　1・2・3

CAc1・2・3

B）Gravity a）None
b）2ん≧2∫

c）9々 ≧zゴ

CBa1・2・3
CBb1・2・3
CBc1・2・3

InterVening
oPPortunities

A）Distance a）None
b）9為≧ろ
c）z々 ≧2ゴ

3∩δ3

0　

0　

・

O　

・

111↓

abCAAA

B）Gravity a）None
b）9海≧2f
c）9々 〉ろ・

IBa1・2・3

1Bb1・2・3

1Bc1・2・3

Note：The　numbers　which　identify　the　models　correspond　to　the　distance－
　　　　　decay　pararneters　in　calculating　the　accessibilities　of　equations（32）to

　　　　　（37）：1is　whenσ＝－1．0，2is　whenσ＝－1．5　and　3　is　whenσ＝－2．0．
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5．Calibration　Results　for　the　Inter・prefectural　Migration　Flows　in　Japan　in

　　1960and　1985

　　　The　generalized　spatial　interaction　models　are　fitted　to　the　1960　and　1985　migra－

tion　flows　between　46　prefectures　in　Japan（all　except　Okinawa　Prefecture）based　on

the　data　from　residence　registration（Fig．2）．　The　mass　of　each　prefecture　is　measured

by　population　data　available　from　the　1960　and　1985　census　data．　The　distances

between　them　are　measured　by　the　great　circle　distances　between　the　cities　in　which

prefectures’head　offices　are　located，　while　the　intra・prefectural　distance，　dii，　is　approx・

imated　by　equation（38），　according　to　Batty（1976，　p．248）：

dii－7ノ語， （38）

where　ri　is　the　radius　of　the　roughly　circular　zone　with　the　same　area　as　prefecture　i．

　　　According　to　Ishikawa’s（1978）study　on　inter－prefectural　migration　in　postwar

Japan，　there　was　a　turning　point　in　internal　migration　in　the　latter　half　of　the　1960s．　Until

1970，migration　was　characterized　by　an　increase　in　population　flows　from　non－

metropolitan　areas　to　some　leading　areas（Wakabayashi，1987）．　The　new　trend　is　re－

presented　by　an　increase　in　population　flows　from　metropolitan　areas　to　nonmetropolitan

areas，　and　between　metropolitan　areas（Kuroda，1979）．　Thus，　the　1960　and　1985　migra－

tion　flows　took　place　before　and　after　the　turning　point，　respectively．

　　　In　this　section，　the　results　of　fitting　the　entropy・maximizing　models　and　the　log－

linear　models　to　the　data　are　described．　Comparison　of　the　doubly　constrained　model　and

the　log・linear　model　allows　the　introduction　of　unspecified　origin－destination　relation－

ships　into　conventional　spatial　interaction　models．　The　generalized　spatial　interaction

model，　incorporating　the　accessibilities　defined　in　the　previous　chapter，　is　also　examined．

　　　The　parameter　estimates　of　entropy・maximizing　models　can　be　calibrated　as

Poisson　gravity　models　using　the　GLIM　package，　one　of　the　statistical　packages　for

generalized　linear　modeling（Aitkin　et　al．，1989）．　In　GLIM，　goodness・of－fit　for　the

Poisson　gravity　model　can　be　assessed　from　several　different　perspectives．　The　overall

difference　between　the　observed　values　of　the　dependent　variable　and　those　predicted　by

the　model　is　measured　by　the　value　of　the　scaled　deviance，　which　is　distributed　in　a

manner　similar　to　chi・square．　In　a　Poisson　regression　model　it　is　given　by　the　following

equatlon：

D＝2［｛2］i　yi　ln（yi／θi）｝｛Σ∫（〃rの｝］， （39）

where　yゴis　the　observed　value　of　the　dependent　variable　in　case　i　andθi　is　the　predicted

value　of　the　dependent　variable　in　case　i．　The　scaled　deviance　is　large　when　the

correspondence　between　the　two　sets　of　values　is　poor　and　small　when　the　correspon・

dence　is　good．　It　has　a　value　of　zero　if　the　model　fits　perfectly，　while　the　upper　limit

depends　on　the　nature　of　the　data．

　　　It　is　possible　to　evaluate　the　adequacy　of　a　model　by　comparing　the　calculated

deviance　with　the　critical　value　of　chi－square　for　the　appropriate　significance　level　and
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　　　　　　　　　　　　　　　　　瀞6

　　　　　　　　　　　31癬碁の21

　　　　　　　　　　　　　　　帆〉

／6・？6」

搾
ヨひ

　1　Hokkaido　　ll　Saitama
　2　Aomori　　　　12　Chiba
　3　1wate　　　　　13　Tokyo
　4　Miyagi　　　14　Kanagawa
　5　Akita　　　　15　Niigata
　6　Yamagata　　16　Toyama
　7　Fukushima　17　工shikawa
　8　1baraki　　　18　Fukui
　g　Tochigi　　19　Yamanashi
10　Gumma　　　　20　Nagano

21　Gifu
22　Shizuoka
23　Aichi
24　Mie
25　Shiga
26　Kyoto
27　0saka
28　Hyogo
29　Nara
30　Wakayama

31　Tottori　　　　41　Saga
32　Shimane　　　42　Nagasaki
33　0kayama　　　43　Kumamoto
34　Hiroshima　44　0ita
35　Yamaguchi　45　Miyazaki
36　Tokushima　46　Kagoshima
37　Kagawa
38　Ehime
39　Kochi
40　Fukuoka

Fig．2　Forty－six　prefectures　of　Japan　under　consideration

the　number　of　degrees　of　freedom（which　is　equal　to　the　number　of　observations　minus

the　number　of　fitted　parameters）．　A　model　can　be　considered　adequate　at　the　specified

significance　level　if　its　deviance　is　less　than　the　critical　value．　However，　because　the

scaled　deviance　is　dependent　on　the　scale　of　the　sample，　it　is　usua11y　compared　with　the

deviance　of　the　null　model　which　is　obtained　by　using　the　overall　mean　as　an　estimate．

For　example，　when　the　stage　is　reached　at　which　variables　are　added　incrementally，　the

significance・of　individual　variables　can　be　examined　by　comparing　the　reduction　in

deviance　with　the　critical　value　of　chi・square　corresponding　to　the　change　in　the　number

of　degrees　of　freedom．

　　　Another　significant　aspect　of　the　parameters　is　that　they　can　be　assessed　through　the

division　of　each　estimate　by　its　standard　error．　As　a　rule　of　thumb，　if　the　resulting　value

is　greater　than　2．0，　then　the　parameter　is　significant；if　it　is　less　than　1．0，　then　the

parameter　is　insignificant　and　should　perhaps　be　removed　from　the　fitted　model（Lovett，
1984）．
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　　　In　Poisson　regression　the　residuals　of　each　case　are　not　simply　equal　to　the　differ－

ences　between　the　observed　and　fitted　values，　but　are　given　by　the　following　equation：

R，＝（z！i一θi）／研．

　　　As　a　general　rule，　any　residuals　larger　than

worthy　of　further　investigation（Lovett，1984）．

（40）

±2．O　are　abnormal　values　and　are

Results　of　fitting　entropy－maximizing　models
　　　The　results　of　fitting　the　various　types　of　constrained　Poisson　gravity　models　to　the

data　in　1960　and　1985　are　summarized　in　Table　2．　The　scaled　deviances　are　smallest

for　the　doubly　constrained　model，　in　the　following　order：the　production・constrained，　the

attraction－constrained，　and　the　unconstrained　models　for　both　years．　The　superiority　of

the　production－constrained　model　over　the　attraction－constrained　model　indicates　that

the　attractiveness　of　destinations　is　more　important　than　the　emissiveness　of　origins．

However，　the　scaled　deviances　obtained　suggest　that　these　entropy・maximizing　models

are　a　long　way　from　being　satisfactory．　The　doubly　constrained　model　fitted　to　the　1960

data　resulted　in　a　scaled　deviance　of　2，506，720　and　degrees　of　freedom　equal　to　2，024．

The　calculated　chi－square　value　should　be　less　than　2，024．9　for　the　model　fitted　to　avoid

rejection　at　the　O．05　significance　leve1．　Yanagawa（1986）states　that　the　chi・square　value

is　dependent　on　the　scale　of　the　sample．　Therefore，　assessing　only　this　perspective　will

produce　misleading　interpretations．　On　the　other　hand，　since　the　deviance　of　the　null

model　is　27，177，386　in　1960　and　28，611，598　in　1985，　it　is　clear　that　the　goodness－of－fit　of

all　models　improves　rapidly．　The　unconstrained　models　account　for　about　80　percent　of

the　null　models，　and　the　doubly　constrained　models　for　approximately　90　percent．

　　　　The　values　of　distance　parameters　are　from－1．471　to－1．195；the　effects　of　the

distance－decay　of　the　constrained　models　are　larger　than　those　of　the　unconstrained

models．　Scanning　the　parameters　of　populations　of　an　origin　and　a　destination－

measuring　the　emissiveness　and　attractiveness　of　prefectures－the　values　of　the　para－

meters　of　the　population　of　a　destination　fitting　the　unconstrained　and　the　production－

constrained　models　to　the　data　in　1960　are　greater　than　1．0，　while　those　fitting　the

attraction－constrained　model　to　the　data　in　1960　and　the　models　to　the　data　in　1985　are

less　than　1．0．　The　decrease　in　the　importance　of　the　attractiveness　might　reflect　the

change　in　the　tendency　to　migrate　in　postwar　Japan．　For　example，　in　1960，　compared

with　the　population　size　of　the　prefecture，　the　attractiveness　of　the　destination　is

overestimated；for　1985　the　effect　of　attractiveness　declines　relatively．

　　　　The　coefficients　of　the　dummy　variables　in　the　constrained　models　are　calculated；

the　dummy　variables　of　origins　are　incor　orated　in　the　production－constrained　and　the

doubly　constrained　models，　while　the　dummy　variables　of　destinations　are　incorporated

in　the　attraction－constrained　and　the　doubly　constrained　models．　The　coefficients　of

these　dummy　variables　correspond　to　the　products　of　the　balancing　factors　and　total

outflows　or　inflows　in　the　entropy－maximizing　models，　as　mentioned　in　the　previous

section；the　natural　lQgarithm　of．A，O，（or　B」Dノ）is　equivalent　to　the　parameter　of　the

dummy　variable　of　origin　i（or　of　destinationブ）．　We　should　note　that　these　values　are

affected　by　the　spatial　structure．　The　emissiveness　of　origins　and　the　attractiveness　of
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destinations　are　weighted　by　the　inverse　of　the　accessibility　included　in　the　distribution

function．　Therefore，　these　coefficients　of　the　dummy　variables　of　origins　and　destinations

are　interpreted　as　combined　variables　made　up　of　the　spatial　structure　and　the　emissive・

ness　of　origins　or　the　attractiveness　of　destinations．

　　　　In　the　GLIM　package，　these　coefficients　of　the　dummy　variables，　called　factors，　are

relative　values　constraining　the　first　category　of　each　dummy　variable　to　zero．　There　is

atendency　for　values　of　the　coefficients　to　be　high　in　prefectures　whose　outflows　or

inflows　are　large，　or　which　are　located　within　an　inaccessible　area，　as　Table　3　indicates．

This　is　a　reflection　of　the　fact　that　the　values　are　measured　by　the　multiplication　of　the

total　outflows　or　the　total　inflows　of　prefectures　and　the　inverse　of　accessibilities　which

represent　the　spatial　structure．　For　example，　the　values　of　Tokyo，　Osaka　and　Aichi，

whose　total　outflows　and　total　inflows　are　high，　and　the　values　of　Hokkaido　and

Fukuoka，　which　are　located　in　inaccessible　areas，　are　relatively　high．

　　　　The，　residuals　of　the　flows　a’re　measured　by　the　relative　residual　defined　by　equation

（40）and　the　absolute　residual　defined　by　the　difference　between　the　observed　value　and

the　predicted　one．　Table　4　shows　that　as　variance　and　range　of　residuals　of　any　model

decrease，　goodness－of－fit，　measured　by　the　deviance，　is　high，　for　both　1960　and　1985（see

also　Table　2）．．Briefly，　the　residuals　of　each　flow　are　as　follows．　Large　positive　residuals

－where　the　values　of　predicted　flows　exceed　those　of　the　observed　flows－occur　for

intra・prefectural　flows　and　flows　between　metropolitan　areas　and　nonmetropolitan　areas

with　relatively　long　distances．　Flows　within　metropolitan　areas，　on　the　other　hand，

produce　Iarge　negative　residuals．　As　is　shown　in　Fig．3，　systematic　tendencies　are

indicated：the　intra－prefectural　flows　are　overestimated，　and　the　flows　within　metropoli－

tan　areas　where　the　prefectures　with　large　emissiveness　and　attractiveness　are　near　each

other　are　underestimated．　Thus；further　explanatory　variables　relevant　to　these　residuals

should　be　incorporated　in　the　spatial　interaction　models．

　　　　Next，　the　doubly　constrained　models　including　the　contiguity　variable　are　examined．

The　dummy　variable　of　the　contiguity，　Gゴ，　has　a　value　of　l　if　prefectures　i　andブare

contiguous，　and　of　O　otherwise．　The　parameter　estimates　of　the　contiguity　variables　are

biased　toward　a　less　positive　direction（see　Table　2）．　However，　the　addition　of　the

contiguity　variable　does　not　greatly　improve　goodness・of－fit（see　Table　4）．　That　is，　in

general，　contiguity　has　a　positive　effect　on　intra－prefectural　flows，　but　leads　to　further

overestimation　within　metropolitan　areas．　Accordingly，　negative　residuals　in　the　metro・

politan　area　are　fostered，　and　little　improvement　is　made　as　a　whole．

Results　of　fitting　log・linear　models

　　　　The　log・linear　models　were　fitted　to　the　same　data　sets．　The　results－overall　mean

effects　and　the　main　effects　of　origins　and　destinations　for　the　1960　and　1985　data－

are　presented　in　Table　5．　The　comparison　of　two　different　years　makes　the　meaning　of

these　effects　clear．　The　value　of　the　overall　mean　effect　rises　from　271．7　to　377．3．　This

increment　is　caused　by　a　change　in　the　total　migrants．　The　important　point　to　note　is　that

the　main　effects　of　origins　and　destinations　vary　greatly　between　1960　and　1985．　Basi・

cally，　the　origin　effects　represent　the　relative　emissiveness　of　the　origins　and　the

destination　effects　represent　the　relative　attractiveness　of　the　destinations，　and　these
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Table　3． Dummy　variables　of　origins　and　destinations　of　the　doubly　constrained　models　fitted

to　the　migration　flows　in　1960　and　1985

Prefecture
　　　　　1960

01～1『（i）　1：）ES（ノ）

　　Exponential
OI～1（の　　DES（ノ）

　　　　　1985

01～1（の　DES（ノ）
　Exponential
O1～1（の　　DES（ブ）

辮鵬曲畿羅鴇灘雛伽漁鑑難伽㎞㎞懲雛鰍灘
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Positiv

Negative　residual　under－50

Positive　residual　over　100

o

Negative　residual　under－50

　　　　km

　　　　200　　400

Fig．3 Spatial　pattern　of　relative　residuals　of　the　doubly　constrained　models　fitted

to　the　migration　flows　in　1960　and　1985

effects　correspond　to　the　total　outflows　and　the　total　inflows．　The　spatial　patterns　of　the

origin　and　destination　effects　are　harmonious，　because　those　prefectures　with　large

outflows　also　have　large　inflows．　For　1960　the　destination　effects　of　Tokyo，　Osaka，

Aichi，　Kanagawa　and　Hyogo　are　relatively　high，　exceeding　their　origin　effects．　The

destination　effects　of　Tokyo　and　Osaka　for　1985　decline，　and　the　origin　and　destination

effects　are　in　balance．　The　destination　effects　of　Chiba　and　Saitama，　which　are　part　of

the　Tokyo　metropolitan　area，　experience　a　relative　rise，　presumably　because　of　increas一
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ing　out・migration　from　Tokyo　within　the　metropolitan　area．

　　　　The　interaction　effects，　which　represent　the　pure　relationships　of　the　origin－

destination　pairs，　are　calculated　in　a　matrix　form　such　as　a　distribution　function．　The

matrix　of　the　interaction　effects　is　asymmetrically　different　from　the　distance　distribu・

tion　matrix，　though　approximately　symmetrical　itself．　It　is　difficult　to　understand　the

entirety　of　the　relationships　of　the　origin－destination　pairs　at　once；in　this　case　the

number　of　pairs　is　2，116．　In　order　to　derive　the　relationships，　a　multidimensional　scaling

method　is　applied　to　the　matrix　of　interaction　effects，　measuring　the　similarities　between

origins　and　destinations．　SSA－II，　which　produces　a　two－dimensional　configuration　of

objects　from　an　asymmetrical　distance　matrix，　is　used（Guttman，1968）．

　　　　Figure　4　shows　the　1960　and　1985　maps　of　the　interaction　effects　of　internal

migration　flows　in　Japan．　On　these　maps，　the　prefectures，　arranged　in　a　series　from　the

Tohoku　region　to　the　Kyushu　region，　are　configured　as　a　circle　running　counterclock－

wise．　This　configuration　is　a　reflection　of　the　real　geographical　pattern　of　the　prefec・

tures・The　prefectures　at　the　periphery　of　Japan（the　Tohoku　and　Kyushu　regions）are

close　together，　while　those　in　the　middle（the　Chubu　region）are　dispersed．　The　configura・

tion　by　SSA－II，　based　on　a　row（or　origin）solution，　is　similar　to　one　based　on　a　column

（or　destination）solution．　It　is　worth　noting　that　the　relationships　between　prefectures　are

nearly　symmetrica1，　and　these　relationships　have　not　changed　over　time．　To　measure　the

degree　of　resemblance　between　configurations　in　1960　and　1985，　Tobler’s（1983）

bidimensional　regression　analysis　is　employed（Sugiura，1989）．　The　correspondence

between　the　two　spacings　is　extremely　high（R2ニ0．971）．　From　these　results　it　may　be

concluded　that　the　variation　of　the　volumes　of　migration　flows，　the　asymmetry　charac・

terized　by　the　dominance　of　flows　from　the　nonmetropolitan　areas　to　the　metropolitan

areas，　and　the　difference　between　the　flow　patterns　of　migrants　in　1960　and　those　in

1985are　caused　not　by　the　change　over　time　in　the　relationships　between　prefectures，　but

by　the　change　in　the　total　outflows　from　origins　and　the　total　inflows　to　destinations．

Therefore，　it　can　be　shown　that　the　relationships　of　the　origin・destination　pairs　are　stable

over　tlme．

　　　　The　maps　based　on　the　interaction　effects　of　the　distribution　functions　are　similar

to　the　maps　drawn　from　the　observed　flow　matrix（see　Fig．5）．　The　correspondence　rate

between　the　two　configurations　is　quite　high．　The　coefficients　of　determination　of

bidimensional　regression，1～2，　are　O．871　for　1960　and　O．835　for　1985．　The　relationships

of　the　origin－destination　pairs　included　in　the　observed　migration　are　closely　related　to

those　pairs　included　in　the　distribution　function．　It　is　suggested　that　the　origin－destination

relationships　of　the　migration　flows　correspond　to　the　relationships　measured　by　the

distances　between　origins　and　destinations，　excluding　the　effects　of　the　configuration　of

the　prefectures－that　is，　the　accessibility．　The　doubly　constrained　models　use　the

relative　distribution　function　with　the　accessibilities　of　each　prefecture　removed　as　the

origin・destination　relationships．　The　values　of　the　distribution　function　have　a　tendency

to　be　higher　in　the　central　area　of　the　spatial　system　concerned　than　at　the　periphery．

Thus，　the　effects　of　the　distance－deterrence　of　prefectures　in　the　central　area　on　the　other

prefectures　are　high，　while　those　at　the　periphery　are　low．　In　the　constrained　models，

however，　these　values　are　standardized．　As　the　results　of　SSA－II　indicate，　therefore，　the
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Table　5．　Main　effects　of　origins　and　destinations　of　the　Iog－linear　models　fitted　to　the　migration

　　　　　　　　flows　in　1960　and　1985

　　1）1960

Prefecture

　　　Main　effects

ofan　　　　ofa
origin　　dentination
　　　A　　　　　　　　　　　　B
　Wi－　　　　　　　　　　z〃’

Population

P，

　　Intra－

prefectural
　　flow
　　　Tii

Total
outflow

O，

Total
inflow

Dj
Hokkaido
Aomori
Iwate
Miyagi
Akita
Yamagata
Fukushima
Ibaraki
Tochigi
Gumma
Saitama
Chiba
Tokyo
Kanagawa
Niigata

Toyama
Ishikawa
Fukui
Yamanashi
Nagano
Gifu
Shizuoka
Aichi
Mie
Shiga
Kyoto
Osaka
Hyogo
Nara
Wakayama
Tottori
Shimane
Okayama
Hiroshima
Yamaguchi
Tokushima
Kagawa
Ehime
Kochi
Fukuoka
Saga
Nagasaki
Kumamoto
Oita
Miyazaki
Kagoshima

ーム

リ　

リ　

リ　

フ　

リ　

リ　

リ　

リ　

リ　

リ　

リ　

リ　

リ

Tota1 Overall　mean　effect
w＝271．6946

93，418，428 2，981，613 5，652，659 5，652，659
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Table　5．　Continued

2）1985

Prefecture

　　　Main　effects

ofan　　　　ofa
origin　　dentination
z〃ヂ　　　　z〃タ

Population
　　Intra－

prefectural
　　flow
　　　Tii

Total
outflow

　　Oi

Total
inflow

Dj
Hokkaido
Aomori
Iwate
Miyagi
Akita
Yamagata
Fukushima
Ibaraki
Tochigi
．Gumma
Saitama
Chiba
Tokyo
Kanagawa
Niigata
Toyama
Ishikawa
Fukui
Yamanashi
Nagano
Gifu
　Shizuoka
Aichi
Mie
Shiga
Kyoto
Osaka
Hyogo
Nara
Wakayama
Tottori
Shimane
Okayama
Hiroshima
Yamaguchi
・　Tokushima

Kagawa
Ehime
Kochi
Fukuoka
Saga
Nagasaki
Kumamoto
Oita
Miyazaki
Kagoshima

4　　　

1⊥

90
R6
Q3
O7
T9
P8
X6
R8
X2
P9
X8
Q2
S6
U0
P1
P1
Q2
X8
Q6
W5
W0
V3
X2
O9
R5
T6
O5
P6
Q9
X3
W5
P1
S9
X4
R6
R2
V2
T9
S7
Q0
T9
U6
P9
S0
U9
Q8

Tota1 Overall　mean　effect
w＝377．3389

119，869，826 3，312，862 6，376，468 6，376，468
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effects　of　the　distance－deterrence　of　prefectures　in　the　central　area，　such　as　the　Chubu

region，　are　underestimated，　and　these　prefectures　are　dispersed　in　Fig．4．　Those　effects

at　the　periphery，　such　as　the　Tohoku　and　Kyushu　regions，　are　overestimated，　and　these

prefectures　are　close　together　in　Fig．4．　It　can　be　shown　that　in　the　constrained　models

the　effects　of　the　configuration　of　prefectures　in　the　whole　system　concerned－that　is－

accessibilities，　are　immediately　removed（Yano，1992b）．　But　these　relationships　are

based　only　on　the　distances　between　origins　and　destinations；the　configuration　of　the

other　origins　and／or　destinations　are　omitted　completely．　For　example，　the　competing

effect，　which　is　defined　as　the　accessibility　of　the　destination　to　aIl　other　alternative

destinations，　is　independent　of　the　effect　of　distance（Fotheringham，1983），　Therefore，　it

is　reasonable　to　add　the　competing　effect　to　conventional　constrained　models．

Linkage　coefficients
　　　　What　is　the　pure　relationship　between　an　origin　and　a　destination？　ln　this　section，　I

shaU　discuss　the　relationship　between　them，　removing　the　distance　effect，　which　is

captured　by　an　index　hereinafter　referred　to　as　the　Iinkage　coefficient．　The　linkag6

coefficient　is　measured　by　dividing　the　interaction　effect　of　the　observed　flow　matrix　by

that　of　the　distribution　function，　as　in　equation（41）：

Lガ＝露β／磁β， （41）

subject　to，　ni　z確β＝n」zσ話βニ1．0；lli幌場B＝H，腐場8＝1．0．

　　　In　other　words，　the　coefficient　suggests　the　relationship　between　an　origin　and　a

destination　overlooked　in　the　doubly　constrained　model．　The　linkage　coefficient　is　an

origin・destination　pair－specific　variable，　not　referring　to　either　the　origin　or　the　destina－

tion　alone．　Adding　this　linkage　coefficient　to　the　doubly　constrained　model　can　make　the

model　fit　perfectly．

　　　Conceptually，　the　coefficient　is　composed　of　systematic　and　unique　factors．　Although

it　is　impossible　to　distinguish　these　factors　exactly，　systematic　factors　are　specified　as

new　variables　which　can　be　incorporated　in　the　constrained　mode1．　These　variables　take

into　account　the　competing　effect，　the　intervening　opportunities　effect　and　the　hierarchi－

cal　effect　in　the　present　study．　Unique　factors　are　regarded　as　random　or　unique　ones．

　　　Figure　6　shows　the　spatial　patterns　of　the　linkage　coefficients　in　1960　and　1985．

The　values　of　linkage　coefficients　of　greater　than　3．O　are　drawn　as　lines．　Comparison　of

the　linkage　coefficients　in　1960　and　1985　indicates　similar　tendencies，　though　for　1960

there　are　many　more　pairs　whose　values　are　more　than　3．O　than　for　1985．　The　spatial

patterns　indicate　the　existence　of　several　clusters　of　prefectures：the　linkage　between　the

Kyushu　region　and　Osaka，　Aichi，　and　Gifu，　and　the　clusters　of　the　Tohoku，　Chugoku，

Shikoku　and　Hokuriku　regions．　In　order　to　extract　these　clusters　objectively，　factor

analysis　based　on　the　standardized　cross－product　matrix（Yqno，1985）is　applied　to

matrices　of　the　linkage　coefficients．　These　matrices　are　approximately　symmetrical，

reflecting　the　observed　flow　matrices．　In　this　case，　factor　analyses　of　both　the　R－mode

（destinations　pattern）and　the　Q・mode（origins　pattern）can　be　employed．　Both　analyses

produced　similar　results．　Accordingly，　the　results　of　the　Q－mode　factor　analysis，　based　on

the　similarities　of　out－migrant　patterns，　are　examined．　The　origin－destination　pairs　with
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Fig．6　Spatial　pattern　of　the　linkage　coefficients　over　3．0

high　values　of　linkage　coefficients　have　prominent　factor　loadings　and　factor　scores　for

some　factors　corresponding　to、the　regional　clusters（Fig．7）．

　　　　The　results　for　1960　and　1985　are　similar，　because　the　interaction　effects　are　stable

over　time．　For　1960，　factor　analysis　has　produced　six　factors　which　represent　the

regional　linkages　and　clusters：the　linkage　between　the　leading　metropolitan　areas　and

the　KyushU　region（Factor　1），　the　linkage　between　the　periphery　of　the　Tokyo　metropo1－

itan　area　and　the　Tohoku　region（Factor　2），　the　linkage　between　Gifu・Aichi　and　the

Kyushu　region（Factor　3），　the　cluster　in　the　Japan　Sea　coast　region（Factor　4），　the

Chugoku　region（Factor　5）and　the　Shikoku　region（Factor　6）．　These　linkages　and
clusters　represent　the　origin－destination　pair　relationships，　except　for　the　distance　effect，

which　affect　migration　flows、　These　extracted　factors　support　the　conventional　interpre・

tation　of　internal　migration　in　Japan．　For　example，　the　linkages　between　the　leading

metropolitan　areas　and　the　Kyushu　and　Tohoku　regions　are　based　on　the　relationship

between　the　demand　for　and　supply　of　labor（Aoki，1979）．　The　clusters　on　the　Japan　Sea

coast　and　in　the　Chugoku　and　Shikoku　regions　are　regional　clusters　having　resulted　from

traffic　conditions　after　the　early　seventeenth　century．　Although　a　multiple　regression

analysis　of　inter－prefectural　migration（Ishikawa，1978）has　revealed　that　the　predicted

flows　between　the　contiguous　prefectures　are　underestimated，　this　effect　is　also　one　of

the　origin－destination　pair－specific　relations．

　　　Conversely，　the　linkage　coefficients　between　prefectures　within　a　metropolitan　area

are　low，　and　the　pair－specific　effects　are　ess　than　the　distance　effects．　This　seems

contradictory，　given　that　the　intra－metropolitan　migrations　are　heaviest．　However，
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heavy　migration　flows　within　the　metropolitan　areas　are　caused　by　the　great　emissive・

ness　and　attractiveness　there，　so　that　pair・specific　effects　are　poor．　In　examining　the

residuals　of　the　doubly　constrained　model，　the　largest　negative　residuals　are　found　in

flows　within　the　metropolitan　areas．　The　overestimation　of　predicted　flows　indicates　that

the　relationships　between　origins　and　destinations　within　those　areas　are　not　strong　in

comparison　with　the　distances．

　　　　These　results　do　not　necessarily　coincide　with　those　derived　from　factor　analysis　of

the　migration　flows　in　the　periods　1960－1965　and　1966－1970（Saino　and　Higashi，1978）．

Their　analysis　is　applied　to　the　values　of　migration　flows　directly．　Then　they　extract　the

broader　areas：East　Japan，　West　Japan，　and　the　regions　of　Osaka，　Chukyo　and　Kyushu．

In　the　present　study，　the　origin－destination　pair－specific　relationships，　with　the　exception

of　the　effects　of　the　scales　of　the　origins　and　destinations　and　the　distances　between　them，

are　examined．　The　pairs　with　high　values　for　the　linkage　coefficient　have　a　stronger

relationship　than　the　one　that　the　distance　effects　produce．　This　indicates　the　existence

of　new　relationships　not　specified　in　the　conventional　spatial　interaction　models．

Results　of　generalized　spatial　interaction　models

　　　　This　section　presents　the　results　of　fitting　generalized　spatial　interaction　models

incorporating　the　competing　effect，　the　intervening　opportunities　effect　and　the　hierarchi－

cal　effect　as　pair－specific　effects（except　the　distance　effect）．　These　new　effects　are

defined　by　two　kinds　of　accessibility－adistance　measure　and　a　gravity　measure，　as　in

equations（32）to（37）．　The　mass　variables　of　place々 ，　M，，　are　measured　by　the　popula・

tion　in　each　year．　The　distance－decay　parameters　in　the　accessibility　formulation，σ，　is

set　equal　to　－1．0，－1．5　and　－2．0，　and　each　case　is　calculated．

　　　　In　the　hierarchical　effect，46　prefectures　are　classified　into　three　hierarchical　orders

by　population，　as　is　shown　in　Fig．8．　The　highest　order　is　composed　of　Tokyo　and　Osaka；

the　second・order　includes　Hokkaido，　Kanagawa，　Aichi　and　Hyogo，　including　Saitama

and　Chiba　in　1985；and　the　third　is　composed　of　the　remaining　prefectures．

　　　　Table　6　summarizes　the　results　of　calibrating　the　doubly　constrained　models　incor－

porating　the　above　effects．　In　the　case　of　the　1960　data，　the　model　including　the　hierar－

chical　competing　effect　had　the　best　goodness－of－fit，　using　only　destinations　of　the　same

order　or　higher　than　destinationブin　computing　the　accessibility，　Model　CAc1．　It

produced　a　deviance　value　of　1，651，827－about　34．1　percent　less　than　that　of　the　doubly

constrained　model．　The　value　of　the　distance・decay　parameter　is－1．4990，　near　that　of

the　conventional　constrained　model．　The　value　of　the　parameter　of　the　hierarchical

competing　effect　is　positive　at　11．20．　This　effect　represents　the　accessibility　of　the

destination　for　the　other　alternative　destinations　of　the　same　or　a　higher　order．　This

positive　parameter　estimate　indicates　that　the　agglomeration　force　is　dominant　in

migration　flows　in　Japan．　This　result　is　reasonable．　It　accurately　corresponds　to　the

strong　tendency　to　migrate　in　1960，　characterized　by　a　predominance　of　population

flows　from　nonmetropolitan　areas　to　some　of　the　leading　metropolitan　areas　and　among

the　metropolitan　areas．

　　　As　regards　migration　in　1985，　the　models　adding　the　intervening　opportunities　or

competing　effects　excluding　the　hierarchical　effects，　based　on　the　distance　measure　of
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Fig．8　Classification　of　fifteen　largest　prefectures　based　on　rank・size　distribu－

　　　　　　tions　in　Japan　in　1960　and　1985

accessibility，　Models　IAal　and　CAa1，　produced　the　best　goodness－of・fit．　The　deviances

of　these　models　are　1，786，917　and　1，801，910．　Reductions　in　deviance　of　approximately

37percent　from　the　doubly　constrained　model　including　no　further　explanatory　vari・

ables，　were　produced．　Both　these　effects　have　positive　parameter　estimates．　For　migra－

tion　in　1985，　the　intervening　opportunities　and　the　competing　effects　coexist．　The

positive　force　of　the　intervening　opportunities　effect　implies　that　some　migration　flow

（when　the　other　destinations　around　that　origin　are　close　together）is　greater　than　that

predicted　by　the　conventional　mode1．　The　positive　competing　force　implies　that　when　the

other　destinations　around　that　destination　are　close　together，　that　flow　is　greater　as　well．

These　forces　appear　when　the　migration　flows　between　prefectures　are　close　together，

and　are　within　the　accessible　areas　measured　by　distance．　Thus　migration　in　Japan　in

1985is　characterized　by　heavy　flows　within　some　leading　metropolitan　areas　and　among

them．
　　　Let　us　examine　further　the　relationships　between　the　above　additional　pair・specific

effects　and　the　linkage　coefficients．　The　linkage　coefficients　are　scaled　such　that　niL，ゴ

＝nゴLfゴ＝1．0．　The　additional　pair・specific　effects　are　not　scaled．　Then　the　Iog・linear　model

is　applied　to　the　matrix　of　the　pair・specific　effects，　and　a　comparison　between　the

calculated　interaction　effects　and　the　linkage　coefficients　is　established．　The　interaction

effects　of　the　accessibility　of　the　hierarchical　competing　effect　withσ＝－1．O　in　1960，

Model　CAc1，　whose　addition　to　the　doubly　constrained　model　produced　the　best
goodness－of－fit，　are　examined　in　detail．　The　accessibility　itself　may　be　affected　by　the

scales　of　the　origins　and　destinations　and　the　spatial　structure．　The　effects　of　these　scales
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Table　6．　Results　of　generalized　spatial　interaction　models　fitted　to　the　migration　flows

　　　　　　　　in　1960　and　1985

　　1）1960

Model
Scaled
deviance

Const． ln必ゴ lnHij Reduction＊
in　deviance

CAcl
CBcl
IAal
CAal
IAbl
IBbl
IBa3
CBbl
IAa3
CAa3

1，651，827

1，747，503

1，818，183

1，846，028

1，922，286

1，985，654

2，059，930

2，122，892

2，179，394

2，181，830

　52．52

－74．96

　40．90

　40．43

　45．93

－57．50

　14．26

－25．32

　27．79

　27．20

一1．499

－1．490

－1．480

－1．476

－1．473

－1．471

－1．517

－1．529

－1．727

－1．715

11．2000

8．3040

7．3460

7．1930

9．0110

6．7590

1．0620

3．9510

1．0410

0．9651

34．1％

30．3％

27．5％

26．4％

23．3％

20．8％

17．8％

15．3％

13．1％

13．0％

Doubly　constrained 2，506，720 19．31 一1．471 0．0％

2）1985

Model
Scaled
deviance

Const． ln4ガゴ lnHi・」
Reduction＊
in　deviance

IAal
CAal
CAcl
IAbl
CAcl
CAbl
IBbl
IAcl
IBal
CBa1

1，786，917

1，801，910

1，827，937

1，947，008

1，973，313

2，005，179

2，070，079

2，142，194

2，158，291

2，223，876

　42．32

　42．08

　51．83

　49．08

－49．55

　43．46

－43．71

　40．95

－13．85

－11．50

一1．432

－1．432

－1．438

－1．441

－1．438

－1．465

－1．439

－1．459

－1．425

－1．425

7．8260

7．7460

10．9800

10．0500

5．9420

8．1110

5．4390

7．2690

2．8150

2．6160

37．0％

36．5％

35．5％

31．3％

30．4％

29．3％

27．0％

24．5％

23．9％

21．6％

Doubly　constrained 2，836，010 19．27　　　－1．413 0．0％

＊：Percentage　of　reduction　in　deviance　unexplained　by　the　doubly　constrained　model．

are　made　explicit　in　the　main　effects　of　rows　and　columns　derived　from　the　log・linear

mode1．　In　the　case　of　the　hierarchical　competing　effect，　the　main　effects　of　the　destina－

tions　have　a　spatial　variation，　while　those　of　the　origins　are　remarkably　constant　over

space．　The　destinations　in　the　central　area　of　Japan　have　high　main　effects，　whereas

those　in　the　peripheral　area　have　low　ones．　However，　these　effects　do　not　make　sense　in

the　doubly　constrained　model，　because　the　balancing　factors，　especially　the　destinations，

adjust　them．　Therefore，’it　is　the　interaction　effects　that　substantially　affect　the　goodness－

of－fit．　Cpmparison　between　the　interaction　effects　of　the　hierarchical　competing　accessi・

bility　and　the　linkage　coefficients　allows　the　validity　of　incorporating　that　effect　to　be

evaluated．

　　　　The　linkage　coefficient　is　composed　of　pair・specific　relations　which　can　be　specified

by　the　variables　or　effects　mentioned　above，　and　by　those　which　cannot　be　generalized

and　are　peculiar　to　the　migration　flows．　The　hierarchical　competing　accessibility　is
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interpreted　as　one　of　the　former．　Since　the　interaction　effects　of　the　hierarchical

competing　accessibility　and　the　linkage　coefficients　are　scaled　in　a　similar　way，　values

of　more　than　1．O　indicate　strong　linkages　between　origins　and　destinations，　while　values

of　less　than　1．O　indicate　weak　linkages．　The　relationships　between　the　linkage　coeffi－

cients　and　the　interaction　effects　of　the　hierarchical　competing　accessibility，　including

the　results　of　the　doubly　constrained　model　and　one　incorporating　the　hierarchical

competing　accessibility，　are　shown　in　Table　7．　The　pairs　of　the　thirty　largest　and　the

thirty　smallest　values　of　the　interaction　effects　of　the　hierarchical　competing　accessibil・

ity，　Model　CAc1，　are　listed　in　Table　7，　ranked　according　to　the　sizes　of　these　values．

The　interaction　effects　of　the　hierarchical　competing　accessibility　have　a　small　range　of

O．3538and　a　standardized　deviance　of　O．0259，　while　the　linkage　coefficients　have　a　large

range　of　19．0853　and　a　standardized　deviance　of　1．4250．　The　correlation　coefficient

between　them　is　O．08445．　However，　several　correspondences　between　them　are　detected．

The　origin－destination　pairs　whose　origins　are　prefectures　within　the　Kinki　region，　the

most　accessible　region　in　Japan，　and　intra・prefectural　pairs　have　high　interaction　effects，

whereas　contiguous　origin－destination　pairs　have　low　effects．　Pairs　identified　by　factor

analysis，　as　well　as　intra・prefectural　pairs，　have　high　values　of　linkage　coefficients，

whereas　the　pairs　within　the　metropolitan　areas　and　those　of　contiguous　prefectures　have

low　values．　Similarly，　the　characteristics　of　linkage　coefficients　can　be　identified　by　the

tendency　of　the　interaction　effects　of　the　hierarchical　competing　accessibility．　Hierarchi－

cal　competing　effects　are　specified　objectively　or　exogenously，　whereas　the　linkage

coefficients　are　extracted　from　the　observed　migration　flows，　including　the　peculiar

relationships．　Although　the　correlation　coefficient　shows　no　relationship　between　them，

pairs　with　extremely　high　or　low　values（see　Table　7）have　a　close　relationship．　As　a

result，　adding　the　hierarchical　competing　effects　to　the　doubly　constrained　model　pro－

duces　a　reduction　in　deviance　from　2，506，720　to　1，651，827，　and　in　the　range　and　variance

of　residuals．

　　　　Ishikawa’s（1987）analysis　of　the　Japanese　migration　flows　in　1960　and　1980，　using

Fotheringham’s　origin－specific　production－constrained　competing　destinations　model，

suggested　that　system・wide　calibrations　do　not　necessarily　produce　an　average　image　of

origin－specific　calibrations．　This　result　indicates　that　the　origin－destination　pairs　for

which　incorporating　the　above　effects　is　effective　coexist　with　those　for　which　it　has　no

effect．

　　　　It　may　be　concluded　that　the　addition　of　the　new　origin・destination　pair－specific

effects　may　greatly　improve　the　goodness－of－fit　of　the　constrained　models．　However，　it

is　not　affirmed　that　the　above－defined　effects　correspond　to　the　linkage　coefficients．　In

the　present　study，　the　linkage　coefficients　are　conceptually　classified　into　systematic

factors　and　unique　factors．　The　latter　factors　are　not　captured　by　the　origin・destination

pair－specific　effects．　Since　these　peculiar　relationships　are　dependent　on　the　spatial

interaction　concerned　and　the　spatial　structure　of　origins　and　destinations，　they　should　be

considered　as　error　terms．　The　present　study　revealed　that　the　pair・specific　effects　to　be

included　in　spatial　interaction　models　could　be　identified　as　linkage　coefficients．　The

results　contribute　to　a　better　understanding　and　interpretation　of　spatial　interaction

modeling．
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　　　In　the　next　section，　a　behavioral　interpretation　of　these　pair－specific　effects　will　be

presented　using　discrete　choice　modeling．

6．Behavioral　Interpretation　of　the　Doubly　Constrained　Mode1

　　　Although　the　above－discussed　spatial　interaction　models　are　concerned　with　an

analysis　at　an　aggregate　level　or　on　a　meso－scale，　they　can　also　be　specified　using　the

multinomial　logit　model　which　is　one　of　the　discrete　choice　models　at　a　disaggregate

level　or　on　a　micro・scale（Anas，1983）．　In　this　section，　the　doubly　constrained　model　is

redefined　as　the　multinomial　logit　model，　and　an　attempt　is　made　to　develop　a　behavioral

interpretation　of　the　origin・destination　pair－specific　effects・

　　　The　multinomial　logit　model　attempts　to　describe，　explain　and　predict　the　discrete

choice　behavior　of　an　individua1，　based　on　the　utility　maximization　theory（Ben－Akiva

and　Lerman，1985；Wrigley，1985）．　Consider　a　population　of　individual　decision－makers

（h＝1，＿，H），　who　have　homogeneous　preferences　with　an　additive　stochastic　term．　Each

decision・maker　faces　a　choice　among　discrete　alternatives（ブ＝1，＿，ノ），　the　set　of　which

is　called　the　choice　set．　Provided　that　the　utility　of　each　alternative　is　assumed　to　be　a

Iinear　function　of　the　utility　attributes，　the　utility　function　is　specified　by　equation（42）．

The　utility　function　of　the　multinomial　logit　model　is　composed　of　1）the　indices　of

relevant　characteristics　of　the　alternatives，　and　2）the　indices　of　relevant　characteristics

of　the　decision－makers．　The　former　is　further　classified　into　alternative　specific　vari－

ables，　alternative　specific　dummy　variables　and　generic　variables（Morisugi，1984）．

乙亭一a。ゴ＋［［］h　ah　X」k＋♂， （42）

whereα＝［α。∬，．．．，α。∫，α1，．．．，ακ］are　the　utility　coefficients　common　to　all　decision－

makers　in　the　popuIation；Xih　represents　the　value　of　the　k－th　attribute　for　alternativeブ

and　decision・maker　h；and　e，h・　is　the　vector　of　stochastic　utility　which　is　distributed　over

the　population．　The　coefficientsα。ゴare　alternative－specific　constants　which　measure　the

unspecified　part　of　utility　for　each　alternative，　and　which　are　the　average　probabilities

over　the　estimation　sample　for　each　alternative．

　　　The　utility・maximizing　choice　model　is　derived　from　the　probability　that　decision・

maker　h　chooses　alternative　i：

P，＝Prob．［u，〉θナ；ブ≠i］． （43）

Provided　that　each　stochastic　utility，4，　is　independently　and　identically　distributed　over

the　population　and　for　each　decision－maker　according　to　the　Weibull　distribution，　the

multinomial　logit　model　is　derived　as　follows（Ben－Akiva　and　Lerman，1985）：

　　　　　exp（β。、＋ΣんんX姦
P許＝　　　　Σゴexp（β。ゴ＋Σ，　B，　X」，）’

（44）

where　the　utility　coefficientsβcannot　be　identified，　but　the　scaled　coefficientsβ＝

［β。1，＿，β。J，β1，＿，1（3K］are　uniquely　estimable　with　the　exception　of　one　of　the　alter・
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native　specific　constants，　say，β』ソ．　The　differences砺一βψare　uniquely　estimable　for

eachブ（Anas，1983）．

　　　Using　the　multinomial　logit　model　on　disaggregate　data，　the　doubly　constrained

model　can　be　specified（Anas，1983）．　Suppose　now　that　the　migration　system　is　de・

scribed　by　the　OD　matrix　with　1＞origins　and／V　destinations，　and　that　the　number　of

total　migrants　in　this　system　is　T（＝Σ両）．　In　this　case，　the　doubly　constrained　model

can　be　regarded　as　the　discrete　choice　model　of　joint　origin・destination　choice　derived

from　stochastic　utility　maximization．　In　other　words，　the　doubly　constrained　model　is

identical　to　the　multinomial　logit　model，　which　defines　the　origin・destination　pairs　on　the

OD　matrix　as　the　alternatives，　and　the　distance　between　them　as　the　alternative　attrib・

ute．

　　　The　utility　for　decision－maker　h　of　choosing　an　origin－destination　pair（i，ブ）is　as

follows：

確・＝βoi＋βde・＋βdC・・＋ε多， （45）

where　el」　is　the　random　utility，　ICIoi　is　the　origin－specific　constant，βゐis　the　destination－

specific　constant，4告is　distance　between　originゴand　destination／as　the　generic　variable

for　the　origin－destination　pairs　andβis　its　parameter　estimate．　From　the　comparison

between　the　doubly　constrained　model　and　the　multinomial　logit　model，　it　is　clear　that

the　multiplications　of　the　balancing　factors　of　origins　and　destinations，、4f　andβノ，　and　the

total　outflow　and　the　total　inflow，αandρノーthat　is，　A，O，　andβノD，・，　respectively－

correspond　to　the　origin－specific　and　the　destination－specific　constants（Anas，1983；

Yano，1992a）．　The　distance　between　an　origin　and　a　destination　in　a　distribution　function

corresponds　to　one　of　the　alternative　attributes　of　the　origin。destination　pair（i，ノ）

perceived　by　the　decision－maker　h，　i．θ．，　the　generic　variables．　For　the　identity　of　both

models，　the　assumption　that　all　migrants　evaluate　the　distance　between　an　origin　and　a

destination　uniformly　as　the　alternative　attribute　is　needed．　Therefore，　the　generic

variable　of　the　distance鴫is　regarded　as　the　mean　for　the　distances　over　which　the

decision－makers　will　choose　any　specific　originゴand　any　specific　destinationブ：

　　　　　磁＝Σんδ身4姦／Σみδ多，　　　　　　　　　　　　　　　　　　　　　　　　　（46）

whereδ告＝1　if　migrant　h　chooses　the　origin－destination　pair（i，ノ），　andδ身＝O　if　he　does

not．

　　　The　doubly　constrained　model　is　identical　to　the　multinomial　logit　model　in　equation

（44），in　which　only　one　generic　variable　is　present，　i．　e．，the　distance　between　an　origin　and

adestination．　The　formulation　is

　　　　　　　　　　　　　　　　di＋Σ，
Pi」＝
　　　　Σm。　expβ。m＋β伽＋Σ々βXm。h）

（47）

　　　Consequently，　the　multinomial　logit　model　can　predict　the　same　parameter　estimates

calibrated　by　the　doubly　constrained　model．　The　generic　utility　coefficient　in　the

multinomial　logit　model　is　the　distance・decay　parameter　in　the　doubly　constrained　mode1．

As　Yano（1992a）has　shown　using　a　numerical　illustration，　the　origin－specific　and　the

destination－specific　constants　correspond　to　the　balancing　factors　of　origins　and　destina一
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tions　in　the　doubly　constrained　model（Anas，1983）：

A∫＝exp（βo”i）／Oi，

B」＝exp（β島）／D」．

））80」44（（

　　　　In　spatial　interaction　modeling，　the　distance－decay　parameter　has　conventionally

been　interpreted　as　the　effect　of　the　friction　factor　of　distance．　However，　in　the　utility

maximization　theory，　on　which　the　multinomial　logit　model　is　based，　the　distance

between　origin　i　and　destinationブis　interpreted　as　one　of　the　alternative　attributes

specifying　the　utility　based　on　which　migrants　choose　the　origin－destination　pair（i，ブ）．

The　difference　between　the　utility　for　destination　1，　which　a　migrant　in　origin　i　con－

siders，　and　that　for　destination　2　isβ（di一di2），　whereβis　a　negative　value，66’θ廊

加励％s．Accordingly，　the　more　the　difference　increases　positively－that　is，　di，〈di2　一　the

more　the　choice　probability　of　destination　l　increases．

　　　　Based　on　the　distance　between　them，　it　is　possible　to　give　a　behavioral　interpretation

to　the　interaction　effects　derived　from　the　log－linear　model．　In　the　case　where　migrants

face　a　choice　among　origin・destination　pairs，　the　interaction　effect　corresponds　to　the

linear　combination　of　the　generic　variables，　excluding　the　individual　attributes　and　the

alternative　specific　constants．

　　　　The　alternative　specific　constants　are　interpreted　as　the　inherent　utility　of　that

alternative　unspecified　by　the　alternative　specific　variables，　or　the　average　probability　of

the　random　utility，　similar　to　the　intercept　term　in　regression　analysis（Train，1986）．　In

the　multinomial　logit　model，　the　alternative　specific　constants　are　relative　values．　The

coefficient」（3。i　is　included　in　the　utility　function　when　a　migrant　chooses　origin　i，　and　the

coefficientβのis　included　when　destination／is　chosen．　Thus　in　the　context　of　spatial

interaction　modeling　these　alternative　specific　constants　correspond　to　the　emissiveness

of　origins　and　the　attractiveness　of　destinations，　respectively．　Therefore，　the　exponential

of　the　linear　combination　of　generic　variables　in　the　multinomial　logit　model　is　identical

to　the　interaction　effect　of　the　log・linear　model，　and　the　distribution　function　in　the

doubly　constrained　model　is　the　part　of　the　utility　explained　by　the　generic　variables，

composed　of　only　the　distance　between　an　origin　and　a　destination．　Thus　we　see　that　the

interaction　effects　are　interpreted　as　the　differences　of　utilities　among　the　alternatives，

which　are　commonly　recognized　by　all　migrants　when　they　face　the　choice　of　origin－

destination　pairs．

7．Conclusion　and　Further］Research

　　　In　the　present　study，　I　have　demonstrated　that　a　variety　of　spatial　interaction　models

developed　recently　are　identical　and　possess　the　same　mathematical　and　statistical

characteristics．　Specifically，　the　Poisson　gravity　model，　the　log・linear　model　and　the　logit

model，　expanded　in　the　1980s，　are　of　exactly　the　same　type　as　Wilson’s　entropy・

maximizing　model，　which　provided　the　theoretical　justification　for　conventional　gravity

models．　These　models　have　developed　from　different　contexts，　and　present　apparently

diverse　model　structures．　However，　statistical　analyses　with　these　models　show　that　they
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are　identical．　When　certain　conditions　are　met，　they　produce　the　same　parameter

estlmates．

　　　　First，　it　is　demonstrated　that　Wilson’s　entropy・maximizing　models　are　the　same　as

the　Poisson　gravity　models　when　dummy　variables　of　origins　and　destinations　are
incorporated　appropriately．　This　allows　the　addition　of　new　variables　in　addition　to　the

mass　variables　of　origins　and　destinations　and　the　distance　between　them．　Next，　the　close

relationship　between　the　entropy－maximizing　model　and　the　log－linear　model　is　shown．

In　other　words，　the　main　effects　correspond　to　the　emissiveness　of　origin　i　and　the

attractiveness　of　destinationブ．　The　interaction　effect　corresponds　to　the　distribution

function．　In　the　doubly　constrained　model，　no　further　variables　can　be　incorporated

referring　to　either　the　origin　or　the　destination　alone，　because　these　variable　are　adjusted

by　balancing　factors　or　dummy　variables　of　origins　and　destinations．　Thus，　it　is　the

variables　relevant　to　the　origin・destination　pairs　that　can　be　included　in　the　doubly

constrained　model．　The　interaction　effect　of　the　saturated　log・1inear　model　represents

the　relationship　between　the　origin　and　the　destination，　which　yields　the　perfect　fit　in　the

doubly　constrained　model．　Therefore，　the　difference　between　the　interaction　effects　of

the　distance　function　and　the　observed　flow　matrix　has　not　been　taken　into　account　in

conventional　spatial　interaction　models．

　　　　The　doubly　constrained　models　and　the　saturated　log・1inear　models　are　fitted　to

migration　flows　between　prefectures　in　Japan　in　1960　and　1985．　The　interaction　effects

and　the　linkage　coefficients，　which　represent　the　difference　between　the　interaction

effect　and　the　distribution　function，　are　identified．　Moreover，　the　factor　analysis　of　the

linkage　coefficient　matrix　provides　several　regional　patterns　which　have　a　closer　rela・

tionship　than　that　measured　by　distance．

　　　　Improvements　in　the　doubly　constrained　model　are　explored，　adding　the　new　explan・

atory　variables　relevant　to　the　origin－destination　pair　with　the　exception　of　distance

between　them．　The　conventional　doubly　constrained　model　ignores　the　competing　effect，

the　intervening　oPPortunities　effect　and　the　hierarchical　effect．　In　the　present　study，　these

effects　are　defined　in　terms　of　accessibility，　and　the　extended　doubly　constra1ned　models

incorporating　them　are　tested　using　the　Poisson　gravity　model．　The　validity　of　the

generalized　spatial　interaction　models　is　discussed．

　　　　Finally，　the　behavioral　interpretation　of　these　relationships　of　origin－destination

pairs　is　given　by　comparing　the　multinomial　Iogit　model，　which　is　based　not　on　macro－

information　theory　for　aggregate　data　but　on　micro－behavioral　postulates　for　disag－

gregate　data．　The　doubly　constrained　model　is　identical　to　the　multinomial　logit　model

of　migrant’s　joint　origin－destination　choice，　consistent　with　stochastic　utility　maximiza・

tion．　Therefore，　the　distance　between　an　origin　and　a　destination　is　regarded　as　one　of

the　alternative　specific　variables　making　up　the　utility　function，　in　addition　to　the　effects

included　in　the　generalized　spatial　interaction　models．　The　interaction　effects　of　the

saturated　log－linear　model　measure　the　specified　part　of　utility　for　each　alternative　or

origin・destination　pair．　In　the　present　study，　in　contrast　with　the　conventional　gravity

model，　the　distance　between　places　is　interpreted　as　one　of　the　origin・destination　pair－

specific　relationships，　and　the　existence　of　the　other　relationships　is　assumed．　However，

it　may　be　appropriate　that　to　regard　interaction　effect　derived　from　the　log－linear　mode1
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as　the　true　spatial　relationship　or　the　pure　relationship　between　an　origin　and　a　destina・

tion　perceived　by　migrants，　as　Willekens（1983a）indicates．

　　　　Table　8　represents　the　relationship　in　the　present　study　of　the　spatial　interaction

models：the　doubly　constrained　model，　the　Poisson　gravity　model，　the　log－1inear　model

and　the　multinomial　logit　model．　The　various　spatial　interaction　models　developed　after

the　entropy－maximizing　model　derived　by　Wilson（1967）postulate　that　the　flow　is

regarded　as　a　random　variable，　assumed　to　have　a　discrete　probability　distribution　such

as　a　Poisson　distribution．　However，　these　spatial　interaction　models　have　been　Iooked

upon　as　different，　because　the　explanatory　variables　included　in　each　model　are　various

and　interpretations　of　these　variables　and　hypotheses　of　the　behavioral　content　are

different．　The　fact　that　these　spatial　interaction　models　are　identical　made　improvement

and　advancement　of　spatial　interaction　modeling　possible．　Propounding　a　view　of　the

similarity　of　these　spatial　interaction　models　allowed　the　identification　of　the　other

origin・destination　pair－specific　effects　which　are　not　accounted　for　in　conventional

spatial　interaction　models．　It　is　important　to　include　the　new　variables　corresponding　to

those　effects　in　the　spatial　interaction　mode1．　Also，　comparison　with　the　multinomial

logit　model　allowed　the　interpretation　of　those　effects　in　a　behavioral　context．

　　　　　　　　　　　　　　　　　Table　8．　Integration　of　spatial　interaction　models

Doubly　constrained　model
Z・ゴ＝A，O，易・D」・ん

Poisson　gravity　model
7｝ゴ＝exp（const．十〇1～ノ（の十DES（ノ）十β1nφげ

Constant
Emissiveness
　of　an　origin

Attractiveness
　of　a　destination

Relationship

　between　places

None
A，　O」：

　　Total　outflow　of　an　ori－

　　gin　multiplied　by　balanc－

　　ing　factor

B」D」：

　　Total　inflow　of　a

　　destination　multiplied　by

　　balancing　factor

ん：

　　Distance－decay　function

exp（const．）

exp（ORI（i））：

　Dummy　variable　of　an　origin

exp（DES（ブ））：

　Dummy　variable　of　a　destination

exp（βln鵡ゴ）：

　Distance　between　places

Log－linear　model
Ti・＝w　wfωダ媚8

Multinomial　logit　model
　　＿　　exp（3汁β島・＋Σんβだx竈）
Pi」・

Σm。　exp（βあ＋β2。＋Σゐβ憂X廠）

Constant

Emissiveness
　of　an　origin

Attractiveness

　of　a　destination

Relationship

　between　places

w：
　Overall　mean　effect
ω’：

　Main　effect　of　an　origin
ωタ：

　Main　effect　of　a

　destination
嬬B：

　First－order　interaction

　effect

1／Σm。exp（β8加＋β設。＋Σ々β珍Xぬ）

exp（β島）：

　Origin－specific　constant
exp（β島・）：

　Destination－specific　constant

exp（Σんβ尋X漁）：

　Generic　variable
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　　　In　the　present　study，　only　the　doubly　constrained　model　of　the　family　of　entropy－

maximization　models　was　considered．　However，　it　is　possible　to　extend　the　comparison

of　these　models　to　the　unconstrained，　the　production・constrained　and　the　attraction－

constrained　models．　In　the　doubly　constrained　mode1，　the　improvement　of　goodness－of・fit

is　realized　by　the　inclusion　of　adequate　origin・destination　pair－specific　effects．　In　the

other　constrained　models，　the　adequate　origin－specific　and／or　destination・specific　effects，

relating　to　the　emissiveness　of　an　origin　and　the　attractiveness　of　a　destination，　must　be

further　identified　and　incorporated　in　those　models．　These　new　explanatory　variables　are

closely　related　not　only　to　the　kinds　of　flows　but　also　to　the　spatial　structure　under

investigation．　Further　advances　in　spatial　interaction　modeling　could　be　carried　out　by

conceptualizing　these　effects　in　addition　to　specifying　the　mass　variables　of　origins　and

destinations　and　the　distance　between　them，　and　by　including　these　effects　in　the　Poisson

gravity　type　spatial　interaction　models．
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