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Spatial Interaction Models and their Development

Hiroyuki KOHSAKA

Urban sys

tem s organized by various tvpes of relations within and between urban activ.
ities. In order to make clear the urban system, it 1S necessary o analyze important one of
these relations, and it is perhaps a demand-supply relation. In many cases, this relation is
spatial one, because the supplier is spatially separated from the demander. In urban geography,
the spatial demand-supply relation is called the spatial interaction. This paper attempts to
develop various kinds of spatial interaction models as models of analvzing the spatial demand-
supply relation.
1) A shopping behaviour model

A shopping behaviour model is considered as a production-constrained case in the family of
spatial interaction models. The volume of shopping behaviour from zone 7 to zone j is given:

S,‘_,' =A ,'(),' I”V,’(/jj =
where
Ai=12 Wadi; -
F

I is the size of shopping centre in zone j. d;; is distance {rom zone I to zone 7. The total
shopping flow to zone j is calculated from Y Sij.

i

2) A work trip model
If 73, 1s the number of people who live in zone 7 and work in zone 7, a work (rip model
should satisfy the following conditions :

Z Y‘fi,j:[],'

/1 is the number of workers living in zone i. [7; is the number of jobs in zone ;. The work
trip model, therefore, is a production-attraction-constrained case as follows:

T,‘,j =4 /)’,/]Ji;f((,,)
where
A= ]/Z /—))./’E,Jlﬂ(;ij)
|
By=1]% Adf fley) .
!
3) A transport model——A entropy maximizing model——
Suppose there are the following three constraint equations on 73;:
2 1i=0;
P
2 Ty=D;
t
23 Z Lojteny=ls
L J
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where, let 73, be the number of trip and ¢j; the travel cost between zones i and 7; let C be
the total expenditure on travel. Then, the entropy maximizing model shows the most probable
distribution of trips between zones, and it can be written :

.’[‘i_j = /L/},();D, exp ( =2 ﬂ(f,ij)
A= 1/‘[2}) B;D;exp (—feij)]

Bi=1/[2 AO;exp (= fciy))
J

This model is known as a transport model which is the production-attraction constrained case
with negative exponential function.
4) A hierarchical migration mode]

Next, we will consider a two-level regional system which is constructed by zonal and regional
levels. In migration studies, for example, these levels correspond to intra-regional and inter-
regional movements, respectively (Figure 2). Figure 3 shows a transportation network in the
two level system. The travel cost from zone 7 in region Z to zone j in region Z, is splitted
into three parts:

Cii=CimtCur oy, €2y, jeZ, kL.

If this three part distance term is substituted into a conventional doubly constrained model,
we can gel a hierarchical migration model .

Tii=%0:B;D;exp (—icin) exXp (— i) exp (—icy;), t1€Zi,jeZy, k=l
Ti= 20 exp (—icin) exp (—icw) 2 BiDjexp (—lcy,), i€y, k=l
Je#xy

Tij=BiDjexp (= 2cw) exp (=) 23 AiOsexp (= icin), JeZi, kRl
ez

A= 3 BiDjexp (—ici )+ X exp (— 2cim) exp (= Acm) X BiDjexp (—ici)},
JEZL l j€Z;
i€z, ksl
Bi= 1/[_?;‘ A;0; exp(~/’.c,:_,-)+2lj exp (—ACw) exp (*/Ic,,_,-)l_czy,‘ A;O;z exp (= cin)],
€7y cZy
jeZp, b+l
The first equation presents the intra-regional flow and the second and third are for the inter-
regional flow.

In the field of urban modelling, urban models are classified into models for generating
urban activities and for allocating them. The former is the model to generate necessary
activities for a city and the spatial dimension is not handled. For example, the regional input
output model or the economic base model is included in this type of model. The latter is the
model to allocate or distribute urban activities and spatial dimension is explicit. The spatial
interaction model is one of the allocation models.

The point in which the spatial interaction model is different from the other location model
is that the spatial interaction model deals with the location of urban activities with spatial
interaction. Then, the spatial interaction model can analyze synthetically the relationship
between spatial interaction and location of activities, in other words, between transportation
and land use. The study to forecast land use from transportation is performed by using such
a model as the shopping hehaviour model above mentiond. To the contrary, the land use-
transportation studies conducted in U.S. metropolitan areas have forecasted urban transportation
from urban land use. The spatial interaction model, therefore, plays important roles as one
of models which can analyze spatial pattern (land use) and spatial process (transportation)
synthetically.
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