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Does Mobile Phone Substitute for Ordinary and Public Phones?
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The purpose of our research project is to develop a new integrated model for explaining interregional

telecommunication demand not only by traditional phones such as ordinary and public phones but also

by mobile phones such as personal handy and cellular phones. In the empirical research, the first traffic

data on ordinary, public and mobile telephone services is used. This paper attempts to explain the

demand on interregional phone services based on the same framework of travel demand analysis, unlike

most economic models which estimate the demand or supply curve without considering information

flow from origin to the destination.
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U O INTRODUCTION

U This paper aims to develop a new model for
explaining interregional telephone services by
ordinary, public, PHS and cellular phones. We have
presented some earlier papers on our research project
in the Institute for Posts and Telecommunications
Policy (IPTP) in the Government of Japan (Takita,
Miyata and Takaya (1997)" (1999)").

OIn telephone services of Japan, the subscriber's
number of mobile phones has been increasing
because of more flexibility and less communication
costs compared to fixed types of telephones such as
household and public phones. Under these

circumstances, when empirical research on phone

demand is made, it is also necessary to consider
cellular and PHS phones. However, a model for
explaining interregional phone services including
mobile phones has not yet been systematized. The
introduction of the concept of travel demand to this
new type of telecommunication model enables a new
model which can consider the different natures
between telecommunication and transportation.

U Both telecommunication for information
transmission and transportation for personal trips and
commodity shipping are essentially similar spatial
flows (Okano and Nanbu (1987)”, Takita (1997a)").
In the field of transportation research, an estimation
of travel demand is very important to present urban

public policy on traffic jams.

1 Public Policy, Social System Course, Graduate School of Social and Cultural Systems, Yamagata University, Japan
1-4-12 Kojirakawa-machi, Yamagata 990-8560, Japanl] TEL +81-23-628-4272

2 Ministry of Internal Affairs and Communications, the Government of Japan, Japan
2-1-1 Kasumigaseki, Chiyoda-ward, Tokyo 100C] 8926, Japan TEL +81-3-5253-5111

3 Mitsubishi Research Institute, INC. , Japan

2-3-6 Ohte-machi 2-chome, Chiyoda-ward, Tokyo 100-8141, Japan TEL +81-3-3277-0502

— 111 —



Bulletin of Graduate School of Social & Cultural Systems at Yamagata University, No.OO March, 2005

0O A fundamental concept is to make future
transportation planning to satisfy traffic allocation to
each link between the nodes in transportation
networks according to the future total traffic demand.
This travel demand analysis model is complicated,
and is generally used (JSCE (1981)” Takeuchi,
Honda and Aoshima (1986)”. On the other hand, in
the field of telecommunication, from the viewpoint
of price policy includes economic studies to estimate
the demand and supply curves (Oniki, Kawamura
and Noguchi (1993)”, Kuriyama, Hatta, Nakazora,
Ohta, Ohmura and Noguchi (1993)Y, Mitomo
(1995)”, etc.). Geographical studies to clarify the
spatial pattern of demand on interregional telephone
services based on gravity model or statistical
methods (Morikawa (1961)"” (1978)"", Tanabe
(1983a)”
(1983b)"" (1985)" (1990)'”, National Land Agency
(1987)"", IPTP (1992)"", Higuchi and Shimane
(1998)", etc.). Other research has integrated

(1982)"”, Hasegawa, Nakamura el.

transportation and telecommunication (IATSS

(1984). Moore and Jovanis (1988)*", Takita,
Yuzawa and Suda (1991)™(1993)*”(1995)*, Hidano,
Sasaki, Inaba and Adachi (1994)™, Takita (1997b),
Okumura and Tsukai (1998)””). Though these studies
had specific characteristics, they did not consider
mobile or public phone services.

O This paper concentrates on telephone services, and
constructs a new demand analysis model to explain
the volumes of telephonic communication generation
and attraction in each region as well as information
flows between regions by ordinary, public, cellular
and PHS phones. This model considers the
differences  between transportation and tele-
communication and proposes some units of

information flows.

2[0 STATISTICAL DATA ON TRAN-
PORTATION AND TELECOMMUNI-
CATION TRAFFICS.

[ The traffic means the flow of both transportation

and telecommunication basically. However, in

transportation  studies, traffic is the flow of
transportation. And, in telecommunication studies,
traffic is the flow of telecommunication. This paper
redefines traffic as consisting of transportation traffic
and telecommunication traffic. Furthermore, tele-
phone traffic is a part of telecommunication traffic.

First, statistical data on telecommunication traffic is

explained. Next, we discuss how  future

telecommunication traffic data should be collected.

[] Fundamental surveys about travel demand analysis

have been performed. The Ministry of Land

Infrastructure and Transport (MLIT) of Japan, and

others have performed Personal Trip Survey (PT

Survey) to survey personal travel behaviors within

each regional central city and the surrounding cities

in Japan. In addition to this, the MILT has regularly
performed Survey on the Net-flow of passengers to grasp
interregional flow of passengers.

[0 And in the field of telecommunication research,

the Ministry of Post and Telecommunication (MPT)

of Japan started Information Census (MPT(1997)*) to
measure sent, supplied, selectable, consumed and
stocked information volumes in each prefecture of

Japan. Annual telecommunication traffic data on

telephone services between prefectures has been

updated by the Ministry of Internal Affairs and

Communications (MIC). And another annual traffic

data has been opened by the Nippon Telegraph and

Telephone (NTT).

0 Report on telecommunication traffic for telephone

services, which is one of fundamental statistics on

telecommunication, has been published by the MPT
and the MIC. And also, traffic data for telephone

services has been collected and analyzed every year.
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Furthermore, some trial information statistics are
made from original questionnaires or various traffic
data. The National Land Agency (1987)'", The
power of regional information, and the then Institute for
Posts and Telecommunication Policy (IPTP) of
the MPT, Research  report on

(IPTP(1991)),

interregional
information flows presented
interregional information flows. However, survey on
personal use of telecommunication, which is similar
to personal trip survey in transportation research,
does not exist.

UJ The MILT and the other related organizations have
systematically  performed transportation research
for city and wurban planning. However,
the MIC has not systematically performed
telecommunication research. The reason is that

telecommunication has been private investments by

the NTT and others, while transportation projects,

such as airports, the Shinkansen railroads and
highways, has been public investments from budgets
of the MLIT.

0 For the 2Ist century, telecommunication,
especially the Internet, will have been one of the
most important infrastructures for national and
regional policies. For the future, various types of
information demand analysis will be needed using

the national and regional surveys on information flow.

30 FRAMEWORK ON

0 TELECOMMUNICATION DEMAND

0 ANALYSIS MODELO TO MAESURE

0 INFORMATION

O Takita (1997)” has developed a framework to
analyze information demand in the information
society, as shown in Figure 1. It presents a novel

model integrating transportation and telecommunication

Information generation and attraction model

Estimation of the amount of information communication generation and attraction
by transportation and telecommunication

v

Estimation of the amount of information communication generation and attraction
by transportation and telecommunication

v

Communication media interchange model

Information flow distribution model

Estimation of interregional transportation and telecommunication traffics

v v

Transportation traffic route
assignment model

Telecommunication traffic route
assignment model

Estimation of telecommunication
traftic assignment on
telecommunication network of
telephone companies

Estimation of transportation traffic

assignment on transportation networks

Figure 1 : Framework of information demand analysis (Takita (1997))

— 113 —



Bulletin of Graduate School of Social & Cultural Systems at Yamagata University, No.OO March, 2005

to measure information. The model consists of the
following four-stage sub-models:
0 1) Information generation and attraction model,
(J2) Information flow distribution model,
3) Communication media interchange model
including transportation and telecommunication,
4) Transportation and telecommunication traffic
route assignment models to assign information
flows on transportation and telecommunication
networks
0 Many transportation researchers and government
officers have proposed transportation policy using
the four sub-models of transportation. However, in
the information society, it is important to analyze
information demand by travel and communication.[]
Takita (1997)" extends the previous research in the
field of transportation and telecommunication.
[l In addition, a framework on telecommunication
demand analysis model including mobile and public
phones is explained below. We focus on

telecommunication demand analysis including

Socioeconomic indices of regions
1) Population

phone, cellular phone and PHS phone
3) The number of public phone

2)The subscriber's numbers of ordinary

mobile and public phones. Our project in the
Institute for Posts and Telecommunications collects
the earliest traffic data including mobile phones from
some telecommunication companies. The model
considers the tradeoff between these phones in the
near future: fixed-type phones (ordinary and public
phones) vs. mobile-type phones (cellular and PHS
phones).
[l Here, the telecommunication demand analysis
model consists of four sub-models as shown in
Figure 201
1) Telecommunication generation and attraction
model (Telecommunication sent and received
model),
2) Telecommunication distribution model
U (Interregional telecommunication flow model),
0 3) Telecommunication media interchange model,
4) Telecommunication traffic route assignment
model.
O These four sub-models are related to the trip

generation and attraction model, the trip distribution

Telecommunications
policy

Cost, Accessibility

telecommunication companies

R

- Origin and
Telecommunication . .
. P destination condition

generation and
attraction model \ 4 A

Estimation of the amounts of telecommunication Telecommunication

generation and attraction network planning by

Between origin and telecommunication
Telecommunication < destination companies
distribution model h 1) Cost N
A 2) Distance
Estimation of interregional telecommunication
— traffic h 4

Telecommunication Comparison among phones
media interchange < 1) The rate of diffusion
model v 2) Distance

Estimation of interregional telecommunication

traffic by each phone
Telecommunication
traffic  assignment - Structure of
model 4 telecommunication |

L . . network
Estimation of telecommunication traffic assignment

on telecommunication network

of

Figure 2 : Framework of telecommunication demand analysis model
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model, the trip modal spirit model and the trip route
assignment model in transportation research. This
model  considers the  differences between
transportation and telecommunication. In this paper,
telephones in Table 1, - ordinary, public, cellular and

PHS phones, are examined.

Table 1 : Types of phones

1. Ordinary phone
2. Public phone
3. Cellular phone
4. PHS phone
Note : PHS is Personal Handy Phone System in
Japan

(1)O Unit of information and scale of zone
[0 The units of information are defined as words,

time consumed, packets, bits and bytes in Table 2.

Table 2 : Units of information

Units Definition

Words the smallest units of language used for
making phrases and sentences

Time the amounts of time that is needed to

consumed | understand, or that is needed to
consume.

Packets the number of telecommunications

Bits information ~ volume decided by
combinations of 0 or 1

Bytes =8 bits

0 'Words' are the smallest units of language used for
making phrases and sentences that usually represent
objects, ideas and actions etc. This unit enables us to
measure how many contents are transmitted. 'Time
consumed' is something that is measured in
'minutes', 'hours', 'years' etc. This unit can be used to
measure the amounts of time that is needed to
understand, or that is needed to consume. In the case
of the telephone, this is the amount of time that is
needed to talk. "Packets', or 'calls', can be used to
measure how many communications are done. Here,
we need to note that the ability of communication
media to transmit information, or information
volume per bucket differs depending on the situation.

U Furthermore, in Information Engineering, 'bits' and

'bytes' are used to measure information and its flows.
In Transportation Studies, 'trips' are used to express
personal flows between regions. And 'tons' or
'pounds' (U.S. or U.K. unit of weight) is used to
express weights of commodities and commodity
flows.

O In this subsection, we discuss better units of
information for telephonic communication. In order
to grasp the total volume of telephonic
communication, the total time for telephonic
communication is better than the number of
telephonic communication. And the consuming time
of information is equal to this telephonic
communication time.

[0 The total time, for telephonic communication
enables us to analyze how we allocate total time for
telephonic  communication into indoor phone
(ordinary phone) and the other outdoor phones
(public, cellular and PHS phones). As a result, the
unit, the total time for telephonic communication,
helps the model to analyze interregional information
flow quantitatively.

0 On the other hand, the total number of telephonic
communication can not necessarily explain the
volume of information flows between regions. For
example, telephonic communication by ordinary
phone is generally longer than that by cellular phone
and PHS. It is important to select most appropriate
unit of information according to the analytical model.
[0 One of the other important units for measuring
information is 'words'. The unit of information,
'words', can be transferred from the other unit, 'time
consumed," using the transferred coefficient, words
per minute. This 'time consumed' corresponds to
telephonic communication time. This unit of
information is useful to measure volumes of contents
of information. Otherwise, bits and byes are the most
important units of information in the fields of

information engineering.
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(2)0 Concept of  telecommunication  demand
analysis

0 This subsection presents a framework on
telecommunication demand analysis model
(information demand analysis model for telephone
services.) This model consists of telecommunication
generation and attraction models (telecommunication
sent and received models), telecommunication
distribution model (interregional telecommunication
flow model), and telecommunication traffic route
assignment models. Compared to the travel demand
analysis model, this telecommunication demand
analysis model is discussed below.

(a)J Telecommunication generation and attraction
models (telecommunication sent and received
model)

0 The telecommunication generation and attraction

model (telecommunication sent and received model)

is explained by socioeconomic valuables in regions

(population, employees, income, total production and

so onlJ and the degree of diffusion of each type of

telephonel] for example, the number of subscribers
for each phone service). This model corresponds to
the travel generation and attraction model in
transportation studies. And it aims to explain and
forecast the total amount of telecommunication sent
from each region (summation of all columns in
telecommunication OD table) and the total amount
of telecommunication received from each region
O summation of all rows in telecommunication OD
table). Here, OD means Origin and Destination in
the field of Transportation Studies. Like the travel
demand model, standard unit method and regression
model method can be used as the method to estimate
the total amount of telecommunication sent and

received. The standard wunit method has a

fundamental concept that the amount of telephonic

communication per index of a  regional

socioeconomic condition, such as population, is
constant. In the regression model method, some
socioeconomic variables explain the amount of
telecommunication generation and attraction.

O There are characteristic differences between
telecommunication generation and attraction and trip
generation and attraction. The trip generation and the
trip attraction are generally the same volumes. Travel
is generally a round trip, and consists of two trips
between two regions. But the telecommunication
generation and the telecommunication attraction are
not generally the same volumes. The information-
sent volume from each region is more than or less
than the information-received volume to the region.
Generally, prefectures including important central
cities of the country are that the information-sent
volume is more than the information-received
volume.

(b)[J Telecommunication distribution model

0 The telecommunication distribution model
(interregional telecommunication flow model) is
related to the trip distribution model. This model is
to explain and forecast interregional telephonic
communication from the amounts of tele-
communication generation (summation of columns
of telecommunication OD table) and that of
telecommunication attraction (summation of rows of
telecommunication OD table) and from patterns of
interregional telecommunication flow. In order to
decide telecommunication distribution, current
pattern  method, opportunity model, spatial
interaction model (unconstrained gravity model,
origin constrained gravity model, destination
constrained gravity model, and doubly constrained
gravity model) can be used.

U We discuss the fundamental differences between
telecommunication distribution and trip distribution.
As we understand generally, travel is one pair of two

trips, or round trip. When we travel, we go from a

— 116 —



Telecommunication Demand Analysis Model Integrating Ordinary, Mobile and Public Phones — TAKITA

point to another point and return to the starting point
finally. However, telecommunication exists only one
way from a point to another point, and the total
volume is aggregated. Because of these different
characteristics, the number of trip from region A to
B is similar to that from region B to A, but the
number of telephone calls is not similar. These lead
to a deference between the nature of travel OD table
and that of telecommunication OD table.

O In travel OD table, each cell has approximately
symmetry with respect to the diagonal line (cells of
intra-travel). And in the telecommunication OD table,
each cell has not. Takita(1998)™ presented a model
for explaining information flows between head office
and branch office and between their offices and the
other firms. And the paper explained characteristics of
the travel OD table, the telecommunication OD table
and information flow table.

(c)0 Telecommunication media interchange model

O The telecommunication media interchange model
is related to the trip modal split model in
Transportation Research. This model is to explain
and forecast interregional information flow by each
telephone, using the given amount of interregional
telephonic  communications and the rate of
telephonic communication by ordinary, public,
cellular and PHS phones. The estimation of this
model is made by the rate curve of media
interchange, the table-type function or the
disaggregate model. The rate of media interchanges
is described by one variable such as telephonic
distance or communication cost. This disaggregate
behavior model is used to explain the individual
probability of each person choosing phones from the
values of the characteristics of each phone type. This
model is also called the individual choice model or
discrete choice model. Especially, the disaggregate
logit model is used in a general sense. Otherwise, the

probit model exists.

[ In this paper, the table-type function is used. The
reason is explained in Section 4 (3).

()0 Telecommunication traffic route assignment

model

0 The telecommunication traffic route assignment
model is related to the trip route assignment model.
This model is to explain and forecast how
interregional information flows by each telephone on
telecommunication network. In the case of
telecommunication, it needs to be divided this
process into two-step process that consists of choice
of a telecommunication company and that of a route
from origin to destination on the telecommunication
network.

In the first step, users' choice behavior of
telecommunication company is explained by
Jitsuzumi, Ota and Ohishi (1997)"”, members of
IPTP, using questionnaire data from households. For
the second step, the route assignment of
telecommunication traffic to telecommunication
equipments and networks inside each tele-
communication company needs to be explained. In
this second step, traffic route assignment on
telecommunication  network  inside  telephone
companies is managed by their own companies in
technologies such as dynamic routing. Because of
this, we think this part is generally not important.
However, the better telecommunication traffic
assignment will reflect on lower unit price of
telecommunication. At the same time, in the future,
efficiency of telecommunication network to satisfy
steady increase of information flow is needed.
Consequently, it is important for social scientists to
discuss whether we examine traffic route allocation.
In travel demand analysis, this telecommunication
traffic route assignment is the final stage of a four-
step estimation, and is recognized as the most
important stage. That is because construction and

improvement of roads in urban and regional planning
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is one of the most important infrastructure projects.

40 ESTIMATION OF TELECOMMUNI-
CATION DEMAND ANALYSIS MODEL
O This telecommunication demand analysis model is
estimated using the 1995 telephonic communication
traffic data (ordinary phone, public phone, cellular
phone and PHS) from telecommunication companies.
[1 We have a reason that we use this data. In 1995,
most telephones including mobile phones became
available first. The zone to analyze these telephonic
communication traffic data is set as a prefecture.
That is because traffic data of ordinary phone and
public phone are aggregated in the MA (Message
Area), and that of cellular phone and PHS are
aggregated in prefecture. Telephonic communication
within these MAs uses the lowest unit price area in
most cases. However, the area code does not always

correspond to the MA.

(1)O Telecommunication generation and attraction
model

O This paper proposes an analytical model to explain

the effects of the spread of mobile phones on

telecommunication  traffic.  The amounts of

telecommunication generation and attraction per

person of each prefecture are written as:

%Da ,0B [Ordinaryq . Public08 CellulariJe .0 PHS; (1)

and

P%’Da o00B oOrdinary;¥ o Public08»Cellular;e o0 PHS; (2)
Oiand Djare the amount of information generation
and attraction in the region i and j. P;and P; are
populations in the region i and j. Ordinary, and
Ordinary; are the subscriber's numbers of ordinary
phones per person in the region i and j. Publici and
Public; are the numbers of public phones per person
in the region i and j. Cellular; and Cellular; are the

subscriber's numbers of cellular phones per person in

the region i and j. PHS; and PHS; are the subscriber's
number of PHS phones per person in the region i
and j. 0 o, oY o€ o0 0,B 0,y o and € p are parameters.

[0 When it becomes possible to use time series data
on the number of phones after this year, we can
estimate the time-series analysis model for
explaining changes of subscriber's number of cellular
phone and PHS every year. Here, demand on each
telephone in the future will be forecasted. At the
same time, the amounts of telecommunication
generation and attraction (the amounts of
telecommunication sent and received) can be
explained.

O Furthermore, trends on change of the number of
cellular phone and PHS per person, which means the
degrees of diffusion of these mobile phones. And
they are explained by the cost indices of cellular
phone and PHS (subscriber's charge, tele-
communication fee and so on) or the others (the
covering rate of service area and so on)', an
additional demand analysis model to link with
telecommunication demand analysis model can be

estimated.

4 These functions are written as follows:
Cellulari O 3 Pceltutar, SLceliward and ,
PHSO g (Pehs, SLehs),

where Pceular and Pprs are the cost indices of cellular

and PHS phones such as subscriber charge and
communication cost.

0 O And Slcetar, and SLpus are degrees of the service
level of cellular and PHS phones. The rate of living
area to the total area of prefecture excludes
mountains and forests. The total amount of
telecommunication traffic including cellular and
PHS phones is surveyed in 1995 for the first time.
The successive empirical research on tele-
communication traffic including cellular phone and
PHS is needed to explain the wider diffusion of
cellular and PHS phones.
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Table 3 :0J Estimation of telecommunication generation model

Partial regression | t-value Significance
Parameters .
coefficients
a -5.6813 -3.06 at 1% level
0
ﬂ 66.615 13.57 at 1% level
0
Yo i i
) 76.556 8.65 at 1% level
o
5 96.210 3.19 at 1% level
Multiple correlation coefficient | 0.9496
adjusted for the degrees of freedom

Table 4 : Estimation of telecommunication attraction model

Partial regression | t -value Significance
Parameters .
coefficients
o -7.0288 -4.03 at 1% level
D
ﬂD 70.222 15.22 at 1% level
I } )
50 70.719 8.50 at 1% level
c 103.62 3.66 at 1% level
D
Multiple correlation coefficient | 0.9567
adjusted for the degrees of freedom

OIn Tables 3 and 4, the telecommunication
generation and attraction models were estimated
using socioeconomic indices and the total amount of
telecommunication generation and attraction from/to
each prefecture by all phones (ordinary phone,
public phone, cellular phone and PHS) in 1995. It
can be shown by these models presented that there
was no correlation between the total amounts of
telecommunication generation and attraction and the
number of public phone. The increase or decrease of
public phone does not influence these amounts
because it is easy to find public phone in any places
of Japan in 1995.

[ Furthermore, the order of effects of increase in
each phone on the amounts of telecommunication

generation and attraction is PHS > cellular phone >

ordinary phone, as shown in Figure 3.

(2)0 Telecommunication distribution model

[] Next, the telecommunication distribution model is

presented. Here, the doubly constrained gravity model
(origin and destination constrained gravity model)’ is
adapted. The

amounts of telecommunication

generation and attraction are given.

A B, O D,

D-ID-EDDd

O Ty is the total time of telephonic communication

ooo 3)

5 In this following model type, telecommunication cost
Oz between region I, | is examined, but this model

type could not satisfy the condition of sign b, or b >[J .
- A B O D
Ch
Ha 1ij b 2ij
This is because the differences of telecommunication
unit prices among regions are smaller.
O When this cost distance 000 needs to be considered,
the odds[] method considers the modified coefficient

of distance[] kK using the[] following liner function.

le le] _ D I ||1ii Ilj] ] D I [dZIIdZ]J
TiiTjj —aHelIn dlij dlji ¢ In dzu d2ji

From three coefficients, ¢: (0 2a in k), ¢. (0 @) and

Uln

¢ (O h), including k, @ and b can be calculated.
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Increases in information generation and attraction per phone

-20 0 20 40 60 80 100 120
Common tepm: -5.6813
-7.0288
Ordinary phone 66 61 2522

Public phone 8

Phones

76.556
Celfular phone *ﬁ7 5

96.21
EHS ﬁ 103.62

‘ O Generation of information @ Attraction of information ‘

Figure 3 : The effects of increase in phone usage on information generation and attraction

NotelI These values are derived from the model estimation of parameters of the telecommunication generation and
attraction model in Tables 3 and 4. In the case of ordinary phone, the number of subscriber is not always the

same as the number of phones.

from the region i to j (thousand hours), Ai and B are
balancing factors® in the region i and j. d; is distance’
between the region i and j. a is a parameter of
distance.

0O And the total amounts of telecommunication
generation and attraction need to satisfy the

following equations.

n

a Z TijD OiDEDDEDDDDDDDDDDDDDDDDDDDDDDDDD(4)
=1
n

Dz TIJD DjD]DD]DD]DD]DDDDEDDEDDEDDEDDEDD(S)

i=1

6 The spatial patterns of balancing factors A and B
mean the inaccessibility of each sent region to each
received region and that of each received region to
each sent regions. AiO; and BjD; mean the relative
degree of telecommunication generation from each
regionl] degree of importance of each region as to the
sent region[] and the relative degree of tele-
communication attraction to each regionl degree of
importance of each region as the received regionl] .(See
Thomas (1977)* for commuter data , Griffith and
Jones (1980)* and Ishikawa (1988)™ p.8001

7 "distance between prefectures" is distance between
MA (Message Area) including the prefectural capital.

U The doubly-constrained model consists of
Equations (3) - (5). In order to estimate Equation (3),
the balancing factors andneed to be calculated.

O From Equations (3) - (5), andare written® as

1 1
ﬁ‘EZE"E B D, (6)0 andDBEZn AO (7).

= I= 'J
Given initial values to these balancing factors andin
these Equations (6) and (7), these balancing factors
are calculated with iteration process.
O Furthermore, the intra-regional  distance’ is
discussed. Generally, in spatial interaction model, a

way to decide intra-distance should be considered.

8 If unit price of telephonic communication between

region is considered, balancing factors are written as

D U 0Oand
%@ B D OO BEZ A.O.
d lijd 2ij
9 There are several ways to decide intra-regional

distance (Takeuchi, Honda and Aoshima (1988)").

The personal trip survey in Great Hiroshima considers

|1 dll] 2ij

the radius of each zone as the radius of the circle

equivalent to the housing area.
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OIn this study, a new method to specify intra-
regional distance is developed. This intra-regional
distance is decided, according to patterns of intra-
and inter-regional telecommunication traffic.

O First of all, assumed that shape of each region is
circle, the regional radius li (initial intra-regional
distance) is calculated by the area of each region.
And then, a modified coefficient is introduced to
calculate the intra-regional distance.

U The intra-regional distance is written as
Odi0 kO |..—k|]1’ gooooobooode),

where is the modified coefficient of intra-regional
distance. li is radius of circle equal to the area of
region i. S is the area of region i.

U Furthermore, the calibration process of the model
is explained. Here, Sen and Scott (1981)*" has a merit
that, in calculation of balancing factors, not
considering the term of distance, a simplified liner
function is estimated by intra- and inter- regional
distances and telecommunication flow data, and a
distance parameter. This is called the odds method,
where the terms of Ai O; and B; D; are reduced.] See
Ishikawa (1988)**" p.54). In this paper, considering
the modified coefficient k, logarithm of the ratio of
odds

TIJ Til . .
0 .7, [ is written as
Tij TJI Iii I]J
Oln [Tii Tjj] =glc In dij dji ] (9),

where ¢.[0 2a In k and c; 0 a. After estimating
Equation (9), the distance parameter and the
modified coefficient the modified coefficient of intra-
regional distance can K be get. This is the odds
method considering the modified intra-regional
distance.

U Finally, from inter-regional telecommunication
traffic data and the initial intra-regional distance (the

regional radius calculated by the area of each

region), Equation (9) is estimated. And then, from

coefficients dJ 00 2a In kO and

Tij TJ

Til TJi

(] O ald which are estimated by In [ and

[ Iii IJ'J'
In dij dji

in Equation(9), k and a are calculated. The

result of coefficients estimation is shown in Table 5
Finally and are determined.

ald 1.16840 and k[J 0.03912 are determined.

[0 As a result, the telecommunication distribution
model is written as

A B, O, D
DDEEDDd”““ ooo (10).

O The balancing factors A and B; are displayed in
Table 6. The spatial patterns of these balancing
factors are shown in Figure 4.

O First of all, the accessibility of each sent region to
received regions (for instance, small value of
balancing factor A)) results as follows. In Japan,
Kanagawall rank 30, Saitama (rank 4[] and Chiba
(rank 6) surrounding Metropolitan area Tokyo (1st) ,
Aichi (rank5) , the central prefecture of Chukyo
District, and Osaka (rank 2), the central prefecture of
Kansai District are large". On the other hand, Iwate
(rank 44) and Akita (rank 43) in Tohoku district,
Tottori (rank 46) and Shimane (rank 47) in Sanin
district, Miyazaki and Kochi (rank 45) are low level
prefectures''of accessibility to received regions.

0 Next, the accessibility of each received region to
sent regions, low level of balancing factor B, is
explained. Tokyo (rank 1), Kanagawa (rank 3),
Saitama (rank 4) and Chiba (rank 6) in the
metropolitan area of Japan, Osaka (rank 2) in Kansai
district, Aichi (rank 5) in Chubu district, are the
higher  prefectures” of  accessibility of each

prefecture to the sent regions.

10 Less than 0.003
11 More than 0.007
12 Less than 0.003
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Table 5 : Result of coefficients estimation

Coefficients | t-value | Significance
¢,(=2alnk) |-7.239 -40.88 [ at 1% level
¢,(=a) 1.1684 29.77 [at 1% level
Multiple correlation
coefficient adjusted for the 0.4505
degrees of freedom

Table 6 : The values of A and B;

Prefectures 14i 13j Prefectures 14i Zgj
Hokkaido 0.0061957(0. 0071035 Shiga 0. 0055419| 0.0049033
Aomori 0.0070174(0. 0086205 Kyoto 0. 0037876( 0.0035006
Twate 0. 0084536 0. 0094920 Osaka 0.0014831| 0.0014239
Miyagi 0. 0048528(0. 0051728 Hyogo 0.0037936| 0.0032414
Akita 0. 0083188(0. 0092571 Nara 0. 0052336| 0.0046049

Yamagata 0.0078075(0. 0082488 Wakayama 0. 0065404 0.0059734

Fukushima 0.0067151{0. 0069270 Tottori 0. 0086426{ 0.0079485

Ibaragi 0.0046359| 0. 0042833 Shimane 0.0093964| 0.0092798

Tochigi 0.0055305] 0. 0052641 Okayama 0.0055700| 0.0050836

Gunma 0.0053029] 0. 0052251 Hiroshima 0.0046405| 0.0045114

Saitama 0.0024753]0. 0024479 Yamaguchi 0.0062459| 0.0059379

Chiba 0. 0029596 0. 0027842 Tokushima 0.0073192| 0.0068879
Tokyo 0.0010569(0. 0013727 Kagawa 0.0051470{ 0.0047545
Kanagawa 0.0019122{0. 0017328 Ehime 0. 0059053| 0.0058139
Niigata 0. 0062042{ 0. 0065027 Kochi 0.0085614| 0.0083575
Toyama 0.0068385] 0. 0063032 Fukuoka 0.0030166| 0.0030133
Ishikawa 0.0061150{0. 0059419 Saga 0.0067143| 0.0069013
Fukui 0.0075251]0. 0070776 Nagasaki 0.0052639| 0.0059736

Yamanashi 0. 0069190 0. 0066699 Kumamoto 0. 0058966| 0.0061508

Nagano 0. 0064916 0. 0063075 Oita 0.0066684| 0.0067805

Gifu 0. 0061509(0. 0055970 Miyazaki 0.0071351| 0.0080822

Shizuoka 0. 0043660] 0. 0039130 Kagoshima 0. 0057092| 0.0074984

Aichi 0. 0026869 0. 0024517 Okinawa 0. 0045412| 0. 0068956

Mie 0.0056617|0. 0049234)Geometric mean |0.0051976[ 0.0051976
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Ai
[£0.00800-0.00999 (5)
[70.00600-0.00799 (17)
[]0.00400-0.00599 (16)
[]0.00200-0.00399 (6)
[ ]0.00000-0.00199 (3)

Bi
[0.00800-0.00999 (7)
[0.00600-0.00799 (14)
[10.00400-0.00599 (16)
[]0.00200-0.00399 (7)
[ ]0.00000-0.00199 (3)

Figure 4 : Spatial distribution of Ai and B; (47 prefectures in Japan)
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[J On the other hand, Iwate (rank 47), Akita (rank
45), Akita (rank 45), Yamagata(rank 43) in Tohoku
district, Shimane (rank 46) in Sanin district, Kochi
(rank 44) and Miyazaki (rank 42) in Shikoku and
Kyusyu districts are the lower prefectures”on the
accessibility of each prefecture to the sent regions.

U Moreover, the real intra-regional distance is

0 ds 00.0391200 I = 00391200 ﬂf%

O The real intra-regional distance is about 4 percent'
of initial intra-regional distance. This means that the
average distance of telecommunications within
prefectures is much shorter. It is because we call
persons near us in most cases.

U Furthermore, because distance parameter is near 1,
the amounts of telephonic communication between
regions are an inverse proportion to the distance

between regions.

(3)0 Telecommunication Media Interchange Model

O In this subsection, telecommunication media
interchange model using table-type function method
is presented, as show in Figure 5. The merit of this
method is to be able to check the movements of
telecommunication media interchange in direct.

0 First, the table-type function method is explained.

13 More than 0.007
14 This model has the same modified coefficient in all

prefectures. Actually, the modified intra-distance of
each prefecture depends on the concentration of intra-
telecommunication  inside each prefecture. In
particular, prefectures, which include large areas of
daily life activity, will tend to have large coefficients,
and some correction for this becomes necessary. This
model has the same modified coefficient of intra-
regional distance in all prefectures. Actually, the
modified intra-distance of each prefecture depends on
the scale of the intra-telecommunication traffic inside
each prefecture. This modified intra-regional distance
is larger in specific prefectures with a wider range of
2zlalctivities. This problem needs to be addressed further.

The table-type function is to indicate relationships
between the rates of telecommunication media
interchange" and the factors to decide them such as
the rate of diffusion of mobile phone and distance.
Using this method, the amounts of interregional
telecommunication traffic by phones (ordinary
phone, public phone, cellular phone and PHS) can be
presented.

U The process of telecommunication media
interchange  consists of three steps: media
interchange 1 (indoors-type vs.  outdoors-type),
media interchange 2 (fixed-type vs. mobile-type) and
media interchange 3 (cellular phone vs. PHS). The
table-type function in Tables 7- 9 and Figures 5-7 is
explained as follows.

(a)0 Media interchange 1 (indoors-type vs. outdoors-

typell
[0 When we want to make telephonic com-

munication, we need to select indoor-type phone

such as ordinary phone or outdoor-type phone such

as public phone, cellular phone and PHS.

The way to use table-type function such as Table 7 is
explained thus. As more business activities and
leisure activities are activated, we spend more time
outdoors. At the same time, when more settings of
public phone are fully provided and when more

purchases of cellular phone or PHS becomes wider,

15 The rate of telecommunication media interchange
needs to be tested for fitness in the cross table between
distance and the rate of subscriber's number of each
phone (the number of public phone). The merit of
using this cross table, or using table-type function
method, is to be able to understand the trends of the
rate of telecommunication media interchange directly.
Finally, after estimating the logistic curve in the rate of
telecommunication media interchange to distance and
each rate of subscriber's number of each phone, we
can obtain the logistic curves of each phone. It is
necessary to check the fitness of these curves.
However, there were no clear changes in the curve to
explain the rate of modal split in the field of
transportation research.
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All types of telephones

Ordinary, Public phone, Cellular phone and PHS

|
v v

Media Interchangel
Indoors-type vs. Outdoors-type

[ Ordinary phone J [ Public phone, Cellular phone and PHS ]

|
v v

Media interchange 2
Fixed-type vs. Mobile-type

[ Public phone ] [ Cellular phone and PHS ]

v

Cellular phone vs. PHS

¢ Media interchange 3

[ Cellular phone

J Lows |

Figure 50 Telecommunication media interchange

the rate of subscriber's number of ordinary phone to

all phones becomes lower. (See values in Table 7

from bottom to top[] This rate depends on each

region. According to telecommunication distance and
the rate of subscriber's number of ordinary phone in
each region, the interchange rate of indoor-type
media (ordinary phone) and outdoor-type media
(public phone, cellular phone, PHSO changes. (See

values in Table7 from left to right.). In this way,

using this table-type function, the rate of ordinary
phone interchange depending on telecommunication
distance and the rate of subscriber's number of
ordinary phone in each region can be determined.

O The characteristics of this telecommunication
traffic data are explained in Table 7 and Figure 6.

0 The probability of ordinary phone interchange is
over 90 percent. And for local and long distance
calls, as decrease in the rate of subscriber's number
of subscriber phone, the rate of total communication
time by outdoors-type phone increase, or that by
subscriber phone decrease. In middle distance call,
there are no clear between these. And if distance is
longer, the rate of use of ordinary phone is higher
generally. Though the general tendency can be

observed in Table 7 (1), the table-type function

brought about results exactly the opposite of what
we had expected.

0 This tendency means the changes of feelings about
indoors-type (ordinary phone) and outdoors-type
(public phone, cellular phone and PHS)

(b)[J Media interchange 2 [ fixed-type vs. mobile-

typeld
U When we want to make telephonic communication

in the outdoors, we need to select a fixed-type phone

such as public phone or a mobile-type phone such as

cellular phone and PHS. The table-type function in

Table 8 and Figure 7 is explained thus

[0 When we have telecommunications with anyone
outdoors, it is easier to use a mobile-type phone such
as cellular phone and PHS than fixed-type phone
such as public phone. As a result, if the number of
purchases of mobile-type phone such as cellular
phone and PHS are more than that of settings of
public phone, the rate of the number of public phone
to the number of outdoor-type phones will become

lower.  (See values in Table 8 from bottom to

top)This rate of number of public phone depends on
regions. According to telecommunication distance
and the rate of number of public phone in each

region, the interchange rate of fixed-type media
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Table 7 : Telecommunication media interchange model (Table-type function 1)

Media interchange 1: indoor-type (ordinary phone) vs. outdoor-type (public, cellular and PHS phones)

Distance | Within the | - 100km | -200km -300km -400km -500km More
prefecture than

The rate of subscriber's 500km
number of  ordinary
phone
0.76-0.80 0.902 0.893 0.922 0.929 0.928 0.934 0.920
0.80-0.84 0.915 0.907 0.922 0.933 0.933 0.938 0.922
0.84-0.88 0.922 0.918 0.922 0.935 0.937 0.933 0.929
0.88-0.92 0.932 0.917 0.914 0.929 0.914 0.941 0.929

Note : The table-type function uses the average rate of total communication time by indoors-type phones

(ordinary phone) to that of all-phone types in 1995.

095
0.94

0.93
0.92
0.91
0.90
0.89
0.88

ordinary phone

0.86

g
&Z,Q

&

The rate of subscriber's number of

Distance

[@0.76-0.80
H 0.80-0.84
@ 0.84-0.88
[10.88-0.92

e

0@§

&

Figure 6 : The rate of total communication time by indoor-type phones (ordinary phone) to that of
all -phone typesU D O 00000000 ODO0O0OOODOOO

(public phone) and mobile-type media (cellular
phone and PHS) changes. (Check values in Table 8

from left to right.). In this way, using the table-type

function, the interchange rate of public phone can be
got. We can call anyone outdoors by cellular phone
or PHS easily without looking for public phone, if
we have cellular phone or PHS. And also we can use
these phones as private phone. Because of this, the
increase of mobile-type phone leads to the decrease
of public phone.

O Next, the interchange rate of public phone is
shown in Table 8. When we go out, the rate of use
of public phone is approximately between 0.6 and
0.7. But in some regions, where the rate of number
of public phone is higher, the rate of telephonic

communication by public phone inside each

prefecture is around 0.75.
O There are not clear differences between public
phone and mobile-type phone depending on

telecommunication  distance. Telecommunication
price of mobile-type phone is generally higher than
that of public phone. And regardless of this reason,
users of mobile-type phones do not like frequent use
of public phones.

(c)I Media

PHS)

Interchange 3 (cellular phone vs.

U Finally, when we use mobile-type phone, we need

to select cellular or PHS phone. The table-type

function in Table 9 and Figure 8 is used to explain
this choice behavior as follows.
0 Judging from accessibility, cellular phone is better

than PHS. But telecommunication price of cellular
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Table 8 : Telecommunication media interchange model (Table-type function 2)

*Media interchange 2: Fixed-type (public phone) vs. Mobile-type (cellular phone and PHS)

Distance | Within the | - 100km | -200km -300km -400km -500km More
The rate of number of | prefecture than
public phone 500km
0.04-0.08 0.615 0.578 0.612 0.626 0.583 0.685
0.08-0.12 0.691 0.567 0.645 0.683 0.645 0.705
0.12-0.16 0.757 0.642 0.684 0.653 0.706 0.685

Note : The table-type function uses the average rate of total communication time by fixed-type
phones (public phone) to that of outdoor-phone types in 1995.

[J0.04-0.08
W 0.08-0.12
[10.12-0.16

o 0.80

2 0.70

5 0.60

) 0.50

é‘ 0.40

3 0.30

) 0.20

O

E 0.10

= 0.00

E: & &
2 N D
B &
2 ¥

F

Distance

Figure 7 : The rate of total communication time by fixed-type phone (public phone) to that by
outdoor-type phones (public phone, cellular phone and PHS)

phone is higher than that of PHS. If the difference of
telecommunication price between these phones
becomes lower, cellular phones will show a rapid
increase in the share of cellular phone. The rate of
subscriber's number of cellular phone to mobile-type

phone will become higher. (See values in Table 9

from top to bottom)

O This rate of subscriber's number of cellular phone
to mobile-type phone depends on regional
characteristics. The interchange rate of cellular
phone is decided by this rate of subscriber's number
of cellular phone and telecommunication distance.

(See values in Table 9 from left to right.) In this

way, the table-type function gives us the media
interchange rate.

[J Next, characteristics of this table-type function are

explained thus. As is shown in Table 9, the rate of
media interchange between cellular and PHS phones
does not change depending on telecommunication
distance. This is because most persons do not use
both a cellular phone and a PHS phone. The user of
cellular phone generally tends to have longer

communication times than that of PHS users.

5. CONCLUSION

OIn this paper, a model for explaining

telecommunication  demand  was  constructed,
applying 4-step estimation process of travel demand
analysis model to telecommunication. As a case
study, demand on telephonic communication was

estimated. Finally, we can come to the following
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Table 9 : Telecommunication media interchange model (Table-type function 2)

*Media interchange 3 : cellular phone vs. PHS

Distance | Within the | - 100km | -200km -300km -400km -500km More
The rate of subscriber's | prefecture than
number of cellular phone 500km
-0.80 0.915 0.965 0.954 0.957 0.957 0.966 0.956
0.80-0.90 0.944 0.957 0.976 0.966 0.958 0.962 0.947
0.90-1.00 0.987 0.992 0.992 0.989 0.989 0.985 0.988

Note: The table-type function uses the average rate of total communication time by cellular phone to

that of mobile-phone types in 1995.
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B 098 a
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Figure 8 : The rate of total communication time by cellular phone to that by mobile-type phones

conclusions:

(1)l The amounts of telecommunication generation
from each prefecture and attraction to each
prefecture were explained by the degree of

diffusion of phones and population in each
prefecture. Especially the diffusion of mobile
phone gives great influence to these amounts of
telecommunication generation from each pre-
fecture and attraction to each prefecture.

(2)0 Considering the modified coefficient of intra-

calibration for

of doubly

distance, the new process

estimating parameters constrained
gravity model was developed.
(3)0 After

demand analysis model, it was presented that the

the estimation of telecommunication

telecommunication time was in inverse proportion

to the telecommunication distance.

(4) Telecommunication media interchange was
explained by the rate of subscriber's number of
each phone (in the case of public phone, the rate
of phone) and tele-

number of public

communication distance.
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