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PREFACE

It was in 1975 when the author started out the study on a metropolitan
simulation model aimed at Kanto Plane of Japan, which has led to the
initial version of the model presented here. As that version was also
developed under the intention to cover all the economic activities in a
metropolitan area, the flow analyzing portion as well as the general
construction of the present model is basically inherited from it. However,
the problem with the former model was that it was the one to be classified
as an engineering model, which was designed to meet the need for
predictions given scenarios of transport investments. And its portion to
analyze the locations of activities, which may be regarded as the key
segment in such models, has not taken the existing economic theories much
into account. Thus it was decided in 1985 to fully revise the model to the
present form, which was virtually completed by spring 1988.

The present model is designed to be as orthodox as possible hoth
theoretically and in terms of data utilization. With the lack of new
modeling techniques, it may appear less appealing to some readers,
However, this stems from an effort to guarantee its operationality in any
area along with its limited data requirements. As a matter of course, no
model could be immunized from compromises in the sense that it should be
formulated within the data set available, whose size is limited owing to
resource restrictions. In this connection, our model also represents a
consequence of such compromises, and there might be better ways (o
negotiate between theories and data availability. However, it is hoped
that the model could have managed to provide a feasible framework for
analyzing a metropolitan area.

In conducting the study, the author is indebted to many individuals.
In particular, the continuous encouragement of Professor Kozo Amano has

been indispensable to complete the study in the form of a dissertation. I



would also like to express my gratitude to the other members of my
dissertation committee, Professors Kazuhiro Yoshikawa and Norio Okada, for
their valuable comments. Professor Masahisa Fujita, who has been one of my
advisors at the University of Pennsylvania, also deserves my appreciation
since the idea to lead the present model was originated in him. I am also
indebted to' Professors Hiroyuki Yamada, Hisayoshi Morisugi, Masuo
Kashiwadani, and other members of the research group organized in Kansai
Area for Japan Research Center for Transportation Policy as the discussion
on the model at its early stages was of great assistance. Additionally, I
must acknowledge Dr. Toichi Kimura that the flow analyzing portion of the
model has been evolved f;om his master thesis at Kyoto University.

Thanks are also due to Mr. Michio Sakai who has cooperated with me in
developing the activity model through his master thesis, and Mr. Katsuaki
Yoshida who has assisted me conducting the test simulations. Finally, I
would like to thank Messrs. Sihil Daluwatte and Ryuji Kakimoto for their
help in editing the manuseripts, and Mr. Ryuichi Uchida for his excellent
drawings, as well as other countless students at Kyoto and Kumamoto

Universities who have in some way helped me complete this dissertation.
Asao ANDO

Kumamoto, JAPAN

September, 1991
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CHAPTER 1

INTRODUCTION

1.1. Disciplines in Location Theory and Operational Models
It might be appropriate to say that the modern location theory stems

) and Weberzl. The

from the two pioneering works; viz. by von Thilnen
former discussed the optimal selection of crops to be raised at each loca-
tion, and the latter argued the location of a manufacturing firm which
combines raw malerials extracted at given locations. However, both of them
considered the market as a predetermined point. And in this regard, their
analyses would provide no indications about the spalial compelitions, even
though the former considered an unspecified number of farmers.

1930's mark the most significant developments in the history of loca-

3) and Hoover4]. who criticized

tion theory. Among them are Palander
Weber's theory of industrial location. Palander generalized the concept
of isodapanes to reflect both transport and production costs which corre-
spend Lo a number of material and consumption sites. And Hoover identified
the forms of industrial agglomerations associated with the economic
growth, viz. the scale economies within a firm, the localization economies
for- all the firms within a sectqé, and the urbanization economies based
upan inter-sectorial transacLiOns.Tl
The study on spatial market was initiated in 1929 by Hotelling as an
example of imperfect competition through his famous problem of "ice-cream
stands".5) He demonstrated that his duopolistic competition leads to an

unstable and socially suboptimal solution. While Hotelling's market was a

line segment, Christaller observed the two-dimensional distribution of

f1. Hoover's book was written after both Hotelling's pa.per5J and Palander’s
bock were published. Thus it is natural that he considered a continuous
market as well as point markets. However, his emphasis was apparently on
the location of individual firms rather than on the market divisions. And
in this context, his study could be considered as a refinement of Weber's
work.



villages to be in conformity with hexagonal lattices, called the central

6)

place system. Each village lies at the center of a hexagon which repre-
sents Lhe market area of that center. While his expression of spatial
monopoly is determined solely by the consumers’' behavior, L8seh explicitly

7)

considered the suppliers' costs as well. In this regard, the implica-

tions of their theories are different despite the resemblance between their

8)

markel areas. However, their analyses are important in the sense that

they have introduced suppliers belonging to various sectors to the market,
along with the hierarchies of commodities and centers.tz

Meanwhile, there had been virtually no successor to the other pioneer
in location theory, von Th@nen. until Alonso interpreted the original

9)

agricultural land in the context of residential land use. He applied the

neoclassical consumer theory to the spatial economy and laid a foundation

0)

for the field of research known as the new urban economics (NUE),1 which
has been developed in 1970's. Thus we could roughly summarize that the
focal points in location theory in the 20th century have been shifted from
Lthe optimal location of a single firm to the spatial competition among
multiple firms with fixed or uniform distribution of consumers, and then
to the equilibrium distribution of consumers.

Despite these developments to theorize about locational activities by
geographers and economists, developments in the operational regional
models, generally intended to analyze a metropolitan area, had to await the
mid 1960's when the digital computers became available. However, partly
because many of such efforts were motivated by practical needs, and thus,
undertaken by researchers with non-economic backgrounds, the construction

11)

of such models have had little to do with the theoretical developments.

t2. In particular, Christaller’s system presumes the existence of complete
and consistent hierarchies concerning commodities and market areas over
which they are to be delivered. Although it appears too restrictive to
assume Lhat all the commodities can be classified into a few hierarchies,
his philosophy has something in common with the economic base theory, which
reflects upon many operational models.

For example, Forrester’s urban dynamics mode112} had once been widely
accepted as a tool to analyze causality among various urban phenomena.
However, his framework failed to attract researchers to follow since his
results were haged on many ad hoe hypotheses, which appear to have been
adopted without much reference to the existing economic knowledge.

Among other types of models which managed to attract little successors
is the EMPIRIC model developed by Hill for Boston metropolitan area.ls)
The model is primarily intended to evaluate the economic impacts of public
investments mainly based upon a system of simultaneous linear equations
akin to the input-output framework. Although the econometrics is an indis-
pensable tool in regional modeling, it is insufficient to describe the

13 In particular, a metropoli-

entire system in terms of linear relations.
tan model is to differ from a national macro-econometric model in the sense
that the zones considered in the former are relatively small so that the
spillover effects across them cannot be ignored.

Among those descriptive models which are intended to reproduce the
real-world distributions of zonal economic indices such as population and
employments, the most influential model would be the one developed for

15)

Pittsburgh by Lowry. Since its publication in 1964, the model has

generated a number of modified or extended versions and come to form a

t4

family of models called the Lowry-type models. The most significant fea-
ture of the Lowry model would be the underlying theory of economic bases.
As the study area of the model is spatially limited, the activity levels of

the basic sector which produces commodities tradable with the rest-of-the-

t3. Owing to the advancement of programming technologies, the linearity of
the system is no longer a restrictive feature in modeling nowadays. For
example, the SAS statistical package has the procedures SYSNLIN or SIMNLIN

4)

for the system of nonlinear equations.] .

fd. Sometimes they are called the Garin-Lowry type models reflecting the
person who reinterpreted the original model in the ways that the potentials
have been replaced by the constrained gravity models, ‘and that the economic

16)

basie mechanisms have been clarified through the matrix representations.



world, are, to be determined exogenously to the model. Other problems
associated with the original model inelude the following points. i) As the
distributions are determined solely from the demand side requirements, no
price mechanisms to negotiate:with the supplies of land are introduced.
ii) The distribution functions are formulated in terms of aggregated macro
variables so that the individualistic micro behavior has not been consid-
ered in the model. And iii) the model is essentially static to produce the
concurrent distributions corresponding to the present exogenous values.
The third point was immediately improved by the Time-Oriented Metro-

-

politan Model (TOMM) which considered the same study area as the original

model.l7)

Their approach to simulate the time paths of the stock variables
in the model is called the quasi-dynamic approach, which has been employed
almost in all operational models ever since. As for the first point, the
Lowry model avoids the locational competition among agents by presuming the
order by which they locate. Although it is not easy to fully describe
those competitions in terms of market clearance and price equilibrium, it
is relatively easier to incorporate some price indices for spaces into the
model. For example, the Southern Kanto model introduced the lot size

18)

function which reflects the land value, and the one by M. Echenique and

Partners (MEP) adjusted the demands for floor spaces by explicitly consid-

19)

ering rents. The most theoretically oriented approach would be the one

employed by the Detroit prototype model by NBER, where the market is

cleared in accordance with the solution from a linear programming problem

20) with the corresponding dual

15

to minimize Lhe social transport cost,

variables being interpreted as the surrogate rents.

t5. In general, there exists an optimization problem which can reproduce
the markel equilibrium under the absence of externalities. This is also

Lhe case in the Herbert-Stevens model.zl} which was formulated as a linear
programming problem to maximize the net rent revenues. The minimization
problem employed in the NEBR model would also be expected Lo represent the
equilibrium residential allocations, but its descriptive performance was
not necessarily satisfactory when evaluated as a practical model.

With the evolvement of the entropy maximizing model, it has become a
common practice to formulate the distribution model as a conslrained

22)

gravity model, While the doubly constrained model is popular in traffic
dist.ributions, Lhe singly constrained one would be the choice for the
present purposes. The solutions from a singly constrained model share the
common functional form as the Jogit model, which is named after the
logistic growth curve. Thus it would be advantageous to use the logilt type
function to obtain the distribulive probabilities as it may reflecl varia-
bles other than distances. At first, the logit model has been applied in
the aggregative context, but later the model has come Lo be applied to Lhe
disaggregative cases based on the individualistiec behavior. The theoreti-
cal justification of such applications was provided by McFadden as the

23)

random utility theory, which is regarded as one of the solutions Lo the

second point. The theory demonstrates, in light of statistics of extremes,
that the probabilities calculated from a multinomial logit model are close-
ly related to the micro-economic behavior under statistical disturbances.
Recently, a class of operational models has evolved to be capable of
analyzing both land use and transportation aspects of metropolitan

aclivities. As Lhere already exists a number of surveys concerning these

24),25),26)

models, we shall refrain from comparing them here. In particu-

lar, the work conducted by the International Study Group on Land-lUse

27)

/Transport Interaction (ISGLUTI) covers comparisons, from a variety of

viewpoints, among nine models which are chosen from typical of modern

t6

operational models. We may refer Lo some of these models in the next

t6. Out of nine models compared, two seek the normative allocations, i.e.,
Single Activity Location Model (SALOC) and Technique for Optimal Placement
of Activities in Zones (TOPAZ). The rest of the models are descriptive
ones intended to simulate the market allocations. They include; Computer
Aided Land Use/Transport Analysis System (CALUTAS), Integrated Transporta-
tion and Land-Use Package (ITLUP), Leeds Integrated Land-Use Transport
(LILT) Model, along with the aforementioned MEP model. The remaining three
models are identified by their study areas, viz. the models for Amersfoort
(Holland), Dortmund (FRG), and Osaka (Japan).



chapter in comparison with our position to deal with matters relevant to a

practical model on the metropolitan activities.

1.2. The Objectives

With the aid of the progressive computer technology, the recent opera-
tional models tend to seek a globalization so as to combine the land use
and transportation submodels in the efforts to capture the locational
interdependencies to some extent. De;pite such trends, our objective in
this study is to propose yet another metropolitan model, whose focus is set

17

upon the metropolitan land use. Instead of not explicitly considering
the transport sector in detail, we intend to formulate a model which covers
the entire metropolitan activities. For instance, the land use models
naturally consider allocations of stocks, but not many of them consider the
source of such alloeations, viz. the investments as a fruit of producing
activities. In other words, housing constructions may occur wherever there
are demands, but the level of constructions is affected by not only land
prices but also the economic elimate. Along this line, it would be of
particular importance to consider both flow and stock aspects of metro-
politan activities within the model in a balanced manner that carries
comparable analytical details concerning every item.

One of the focal points in this study stems from the fact that many of
the operational models have been motivated by practical needs, and thus,
their formulas are not necessarily consistent with the existing economic

theories. In particular, it seems there exists a gap between the macro-

s

7. In this regard, the present study lies along the extension of the

author's master’s Lhesis.za} While it is based on the data centering about
the 1870 population census, the new data set is created using the 1975 and
80 censuses. One of the reasons why we do not utilize the old data set is
the conceptual alteration in the income statistics to the system called the

new SNA,zg) which results in discontinuance of data prior to 1975. In
addition, the detailed housing statisties have become available in the
population census only since 1875.

econometric models and the formulas in those operational models, even
though the latter usually contain many expressions to be estimated through
the econometric approaches. This is because the former mainly analyze the
economies, such és the national economies, which are more complete in terms
of transfers with outside the study area, while the latter concentrate on
the relatively narrow area, such as a metropolitan area, where such trans-
fers are essential. In return, the econometric models for analyzing
smaller regions tend to utilize many dummy variables to represent regional
disparities,ao} but this implies that those models relinquish te explain
the cause of such disparities. In this connection, our objective is to
formulate a metropolitan simulation model which is consistent with the
existing theories, including the location theory, the input-output
analysis, as well as the macro-econometric approach. It may appear less
appealing on the ground that the model refrains from incorporating particu-
larly new techniques, but this is a consequence of our objective to make
the model coherent to the orthodox approaches.

Each of the problems associated with a metropolitan area accrues from
the interactions, either directly or indirectly, among metropolitan activi-
ties. The fact that such interactions occur across the zones within the
area as well as the activities suggests the need for a comprehensive model
which incorporates a multi-regional and multi-sectorial framework. As
those interactions would not cease in a single time period, the model must
be capable of analyzing the dynamic aspects of activities as well. And the
model which is effective in analyzing those problems and assessing the
policies as their remedy must possess such features. In other words, the
model to be proposed in the study must be comprehensive in the sense that
it is not only facilitating the individual zones and sectors, but also
covering the metropolitan area as a whole with explicit reference Lo

dynamic repercussions. As a matter of course, the smaller the area and the

3

activities are subdivided, the more detailed the information we might get.



However, such a practice will definitely ruin the operationality of the
model through the increase in the size of the problem, and simultaneously
reducing its reliabilities. As those classifications are closely related
to the analytical methods adopted, it is quite important to clarify the
configurations of the model.

Chapter 2 is then devoted to the descriptions of those configurations
in three respects; the hierarchical composition of space and commodities,
the ways to deal with the locational competitions among activities, and the
ways Lo express the dynamism in the model. The balanceg input-output
analysis is employed as the basic scheme to analyze flow aspects of activi-
ties, in response to the hierarchy to be introduced to the model. In
addition, the model is recursively dynamiec in nature, where the random bid
price theory is employed to describe those competitions.

Corresponding to these configurations, Chapter 3 discusses the prob-
lems to be cleared for their materialization including the general
construction of the model. The spatial and sectorial classifications are
specified concerning the study area, the Kanto Region of Japan, where the
data are collected between two census years, 1975 and 80. In addition, the
method to calculate the commodity based inflators, a nonsurvey technique to
modify the coefficients relevant to the input-output analysis, and the
possibility to apply the parameters estimated at one spatial level to
another are discussed.

As the model is constructed from three major model blocks; the region-
al frame, the activity and the location models, the succeeding three
chapters are devoted Lo Lhe descriptions of respective blocks. We open the
discussion with the activity model in Chapter 4, which combines the three
level rendition of the balanced input-output analysis, called the three
level input-output model, and the distribution models concerning the pro-
ductions and consumption items. Followed by is Chapter 5, which is devoted

to the descriptions of the regional frame model, where the regional values

of sectorial employments and the final demand items are to be determined.

The localion model fermulated in Chapter 6 comprises five submodels,
among which the basic location submodel is most fundamental as it allocates
land to the loeating activities, defined as those occupying wurban land.
The fixed capital and employmenis are calculated in accordance wilh the
land allocations, and the employments in the rest of the aclivities as well
as spatial allocations of investments are determined in the auxiliary
location submodel. While the model explicitly considers the demolitions of
activities, the residential choices are considered simply in the form of
the commuting OD distributions.

Chapter 7 reports the results of the test simulations, which may be
called quasi-final as being confined to certain limitations. Two Lypes of
tests are conducted; the flow simulations to mainly test the performance of
the activity model, and the flow and stock simulations intended for the
location model. And finally, the summary of the study and the conclusion
are stated in Chapter 8. Naturally, our results are bounded on the data
utilized for specifying the model formulas, but it is hoped that the phi-
losophy of constructing the model could be versatile enough to be applied

to a variety of circumstances.
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CHAPTER 2

CONFIGURATIONS OF A METROPOLITAN SIMULATION MODEL

The modern hist&ry of operational models for a metropolitan area is said to
be originated in the Lowry model, whose features could be summarized into
the following three points. That is, it is based on the economic base
theory, the model is essentially distributive, and is static in nature. In
light of the discussion in the previous chapter, we examine each of these,
which are to constitute focal points in building an operational model aimed
at analyzing a metropolitan area. Consequently, our position to deal with
the hierarchies of space and commodities, the locational competition, and
dynamism within the realm of our model will be clarified.

2.1. Hierarchical Composition of Space and Commoditiesl}

The present study is aimed at building a general simulation model on

the allocations of metropolitan activities. As one of the focal poinls in
the model is to describe the land use within the study area, this category
of models is often called collectively the land use models. While the

2)

pioneering work of Lhe kind is attributable to Lowry, many of the sue-
ceeding models naturally inherit the Lowry traditions as mentioned in the
previous chapter. One of such traditions may be interpreted as the econom-
ie base Lheorjﬁ). which dichotomizes the industrial activities into the
basiec activities, which are to support the regional economy, and Lhe
nonbasiec or retail ones. By assuming that the former are in some way
allocated from outside the model, the model is expected to concentrate on
the allocation of the latter. Such a convention seems justifiable as it is
generally impossible to determine the activi}y levels of the basic activi-
ties, whose products are to be traded beyond a metropolitan area, only from

the local information. Nevertheless, we observe that this would not

necessarily provide a reasoning to preclude the possibility to endogenously

1



distribute the activities over the zones in the area. Accordingly, the
model to be ﬁroposed here should be capable of distributing all the activi-
ties over the zones unless their allocations are indeed prespecified.Tl
Meanwhile, although it is conceptually possible to dichotomize the
acltivities on the ground whether their activity levels are determined
locally, the border between the basic and nonbasic activities are quite
ambiguous in the sense that the completeness of the activities, in terms of
excess demands, depends on the extent of the study area. One way Lo
negotiate with this type of ambiguity would be further to classify the
t2 y

activities into more than two categories. In this connection, the

central place theory proposed by Christaller attracts our attention as it
5)

deals with a hierarchical composition of centers and commodities, Theo-

retically, L8sch's market is preferable to Christaller's perception as the

6)

latter lacks in supplier's viewpoint. In contrast to the somewhat
heuristic agglomeration of centers suggested by the former, Christaller
provides with a well-organized system of centers, where a higher center
supplies all the commodities available at lower centers. Despite his
presumption on unidirectional ordering of commodities appears so purposeful
that it is designed to lead to mutually exclusive and spatially consistent

market areas, his approach is still interesting from the position to study

the relationship between agglomeration and economies of scope.

t1. That is, the model should be flexible in the sense that some portion of
the values to be distributed could be withheld for non-competitive alloca-
tions in accordance with the social policy. This suggests the importance
of interfaces in a practical model with the exogenous policies. In addi-
tion, it is possible to determine some of the activity indices in the basic
sector endogenously by incorporating a macro-econometric submodel, which is
in charge of interfacing the study area with the rest-of-the-world.

t2. Apparently, such a practice does not reduce the ambiguity associated
with the borders. However, when we consider more than two categories, we
might introduce the distinction between "highly" basic. activities and
"somewhat" basic ones. The study to identify the basic activities through
the locational quotient and other objective indices is known as the B-N

3 1 s
analysis. ) However, it is usually difficult to identify the tertiary
industries as the basic activities as far as such indices are confined to
the ordinary economic statistics.

12

(b) Administrative principle.

(2) Marketing principle.

Cer\Lcl's of the higher level; R
® Centers of the intermediate level: P

* Centers of Lhe lower level; C

Markel area for R
Figure 2.1. Christaller’s central place systems. — — — = Market area for P

Market area for C

According to the Christaller’'s theory, a city is located at the center
of a market area to which the city supplies commodities. The commodities
are classified by their reaches determined by the consumer distribution,
transportation, and so forth. He introduced three principles to arrange

7)

centers and their markets. i) The marketing principle is to distribute
all the commodities from the least number of centers, where some of the
market areas corresponding to a lower commodity is divided among the three
of the higher market areas as shown in Figure 2.1(a). While a similar
situation is also observed in ii) the transport principle, it is not likely
that the smallest zone such as a daily activity zone is further subdivided
to become parts of higher markets. In this respect, it is appropriate for
our purposes to regard the area be organized in accordance with iii) the
administrative principle, where a lower level zone belongs to a single

higher market as shown in Figure 2.1{b}.I3 A perfect areal division

concerning the market areas is observed with this principle, where each

13



higher center controls six surrounding lower centers without being inter-
fered by other higher centers. As the above is generally the case in the
system of local jurisdiction, this type of spatial hierarchy has been
employed in a number of practical models. For instance, among the nine

ISGLUTI models,8)*9) 10)

11)

the Dortmund model

12)

and the two Japanese models,

CALUTAS and the Osaka model » employ the spatial hierarchies of three

levels, which require the zonal allocation processes to be executed in two

phases.

Along this line, the central place system still appears to be useful
for explaining the hierarchical composition of the real world metropolis.
As the primary factor which regulates the system is the extent of the area
over which a commodity or service is supplied from each center, we also
define the hierarchy of activities in our model in terms of their market
areas. Accordingly, the spatial hierarchy is to be determined in response
to the area where the demand and supply for each commodity or service meet.
When we assume a hierarchical composition of activities and space, the
appropriate analytical method in an operational model ecould be the one
incorporating a multi-phased distribution process for those activities.
For instance, it is also necessary to choose a [low analyzing method which
is compatible with such a hierarchy, as the model is intended to describe
both stock and flow aspects of metropolitan activities. In this regard,
the balanced input-output (BIO) model proposed by Leontief would be the
most appealing to our requirementa.ls)

The model was developed so as to analyze the intranational trades
without a detailed interregional table, and was the first to successfully
evaluate the spatial impacts due to the post-war arm cuts.ld) Nevertheless

his approach has had few successors with the increasing availability of

f3. As to be seen in Section 3.1, we consider the spatial hierarchy of the
study area in three levels corresponding to the fact that the most depend-
able regional statistics are available at the prefectural level. And no
cities, wards or townships affiliate with more than one prefecture.

14

interregional tables. When it comes to the study of a relatively small
region, such as a metropolis, the BIO approach is still found effective in
practice by virtue of its lesser data requirements as compared with the

15) Suppose m and n

other four lnte;reglonal input-output frameworks.
denote the numbers of sectors and subregions constituting the study area,
respectively. Then the data requirements in the two popular frameworks,
the Isard model and the Chenery-Moses model, count up to {mn)2 and mn(m+n)
elements of the input and/or trade coefficients combined, respectively.
Meanwhile, the BIO model could manage to project the spatial allocations of
productions, consumptions and investments among subregions with only
m{m+2n) of such elements.lﬁ) Even with relatively abundant regional sta-
tisties available in Japan, it is difficult to obtain detailed information
concerning inter-sectorial and inter-zonal transactions at the municipality

level, the lowest spatial level subject to our study. Hence, we employ the

BIO approach as the primary analytical tool in our flow analysis.t4

2.2. Locational Competitions

Since the pioneering work by Lowryz), most of the operational land
use models used to describe the locational process as the locating activi-
ties, such as industrial sectors or household types, to choose their
locations. However, as a zone which is preferred by some activity is
likely to be wequally desirable for other activities, there should be a
conf'lict over the limited space available in the zone. The Lowry model and
some successive models avoid such competitions, at least in part, by intro-
ducing a prespecified priority to their locational processes as mentioned

5

in the previous chapter. Another way to preclude them is to assume an

exclusive zoning under which a zone is earmarked for the use of

L

t4. In practice, the BIO model is modified to the three-level input-output
(3L10) model to meet the information availability in our study area. In
particular, the way to obtain the intraregional trades is fairly different
from the original model. The full description of the 3LIO model, including
its basic assumptions, will be given in Section 4.1.
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prespecified locators. However, partly because such a zoning cannot be
specified apart from the market reality, and because we must still face the
conflict among sectors within each zoning category, we have to confront the
problem associated with the locational competitions, viz. how to negotiate
the excess demands with the limited spaces.
Meanwhile, most of the existing models have regarded the locational

demand in an aggregative way, where the model would calculate the shares by
which the demand is distributed over the zones. When McFadden introduced

17)

the random utility theory, efforts to formulate the locational process

using it followed immediately, either in a disaggregative or an aggregative

16

context. In those models, each agent in the market chooses the
location(s) where he/she can attain the highest level of utilities. In
this respect, the models are essentially distributive in effect, even
though each choice is discretized. Then three problems might be relevant
to this approach. i) In practice, the utility function would only be
estimated from the revealed choices, which are the results of negotiations
with other parties under various regulatory constraints. Accordingly, the
function corresponds to an indireet utility, which does not represent the
real preferences. 1ii) As each zone constitutes an alternative, the model

projections would be unstable when the study area is divided into relative-

ly small zones. Thus it might be necessary to employ a nested model to

f5. With exceptions of the Amersfoort model, where the competition is
precluded owing to the exogenous employments and the unique housing type,
and the Dortmund model, where the locating priority is determined endoge-
nously based on the land profitability, five out of seven descriptive
models in ISGLUTI reflect such priorities in some way. While some models
employ the traditional basic/non-basic ordering, the others assume rather a
broad one, where industrial locations precede the residential ones, but no
sector is granted a priority within each category.

t6. For example, Hayashi et al. tries to formulate the industrial location,
which is highly discrete by nature, as a nested multinomial logit model

based on random utilitles.la) On the other hand, when we extend our per-
spectives to the aggregative applications of random utilities, the Chicago
Area Transportation-Land Use Analysis System (CATLAS) developed at North-
western University must be referred to as one of the early models which

fully utilize the multinomial and/or nested logit probabilities.lg)
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facilitate many zones. iii) Although the function is based on the equilib-
rium data free from excess demands, readjustment process would sLill become
necessary when the demand to a zone exceeds its capacity.

The random utility approach is not Lhe only way to describe the micro
behavior in locational processes. In particular, the Alonso model provides
a theoretical background to the urban economics by analyzing the static
residential competition through its neoclassical approach, where the market

20)

is cleared deterministically by means of the bid rent function. Inci-
dentally, CALUTAS manages the locational competition at the lower spatial
level in accordance with the "locational surplus"”, which is defined as the
difference between the "expected utility" and the actual land price to be

11) Here the former can be interpreted as a willing-

paid by each agent.
ness-to-pay from its monetary denomination. Despile the efforts to give a
proper economic reasoning to the locational surplus,zl} it has been clari-
fied that the allocation based on it corresponds to a kind of second-best

22)

solution under a rent control policy. In other words, we can hardly
identify the allocation prescribed by the locational surplus with the
Alonso-type equilibrium from a viewpoint of the static theory, keeping its
empirical significance aside.

Ellickson proposed an alternative way to view the locational process

23)

known as the random bid price theory. According to his formulation, the
lot is supposed to choose the agent who would present the highest bid price
including probabilistic disturbances. Incidentally, such a way of thinking
is in conformity with the Alonsc model as we can observe from some of its

equilibrium conditions.17 In addition, as the choices based on random bid

24)

{7. For simplicity, we confine ourselves to the static context. Suppose
we denote the equilibrium rent and bid rent function of class i at location
r by R(r) and ?i(r). respectively, and the number of class i residents at r

by ni(r). Then with the agricultural opportunity rent, R the relevant

AI
conditions are as follows.
R(r) = max {max ?1(r), RA} and [R(r)-?i(r}]ni(r) =-0.
i

17



prices never violate space restrictions, contrarily to the case of random
utilities, no specific process to negotiate with the land availability is
required with this Lheory.‘a Although the theory by itself is designed to
deseribe disaggregate choices, it is quite possible to apply it to the
aggregate probabilities similarly as CATLAS formulates the random utilities

19)

in an aggregative context. Then the number of alternatives is given by

the categories of locating activities, which would be rather limited as
compared to the number of zones. Alon% this line, we employ the aggrega-
tive application of the random bid price theory as the basic analytical
framework to describe locational competition.zs)

Suppose that the agent i proposes a bid price ?i{zd} to a unit of land
in zone d characterized by the attributes zd. Then if the disturbance
terms, E and EJ. follew an identical and independent Weibull or Gumbel
distribution (IIGD), the probability of the agent i’s locating in zone d
would be given by a multinomial logit mode].zs)
exp Wi{zd)

d

e e (2.1)
I exp ?j(z )

#itety = Prob[@'i(zd)ﬂi 2 a:rj(zdmj, Vi#i) =

J
In the disaggregative context, the parameters relevant to Lhe above expres-
sion may be determined primarily through either maximum likelihood or

discriminant approaches, which are suitable to deal with discrete

(continued)

The first condition indicates that the equilibrium rent is equal to the
maximum bid rent if it exceeds the opportunity rent. And the second one

implies that each class has to present the highest bid for it to become the
actual resident at the site.

t8. In return, it is probable Lhat a particular activity is assigned either
excessive or insufficient amount of land throughout the study area. In the
context of Alonso model, this can be explained as follows.

While the land constraint, § qi(r)ni(r) £ L(r), is automatically satis-

fied with the random land price formulation, the population constraint,
| ni(r)dr = Ni, is not. Here L(r) is the area available to the residential

purposes, and Ni is the number of class i residents in the entire city. In

contrast, the latter constraint is automatically satisfied with the random
utility approach as it determines the probabilities by which agents choose
the zones.

18

observations. When it comes to apply eq.(2.1) to the aggregative behavior,
it would be appropriate to consider that every unit of land is put up at a
separate auction. Then the LHS of the above expression can be interpreted
as the portion of land in the zone occupied by the i-th activity.

It must be noted that the bid price function in the Ellickson's model
is discriminant in nature, and thus, has no direct linkage with the actual
land prices. Lerman and Kern suggested to extend the Ellickson’s estima-
tionm in the way to establish such a linkage by incorporating a flavor of

217)

regression into the discriminant process. As their approach is to
regress the bid prices to the actual price level wherever the demand is
revealed, the estimated land price profile may be depicted as in Figure

2.2(a), where the attributes in bid prices are assumed to be representable

by the distance z from the CBD.Tg We can observe that the discriminant

f(P),f(¥) Probability density P, W Land prices - Bid prices
A

2 £(P)

f(w,)

ny

Na

(a) Discriminant bid prices and
the equilibrium price curve.

Attributes
(e.g. distance from the center)

(b) Spatial aggregation and
the distribution of bid prices.

Figure 2.2. The random bid price model and aggregate zone.

9. Again for simplicity, the figures are based on the statie bid rent
curves. When the city is stationary in the sense that the path prescribed
by the perfectly myopic foresights is fully realized, a bid price curve
will have a similar profile as a static bid rent curve.
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nature of .bid prices is still maintained in the Lerman-Kern model, and
thus, it is not appropriate to regard them as those in the Alonso-type
models as far as the disaggregative behavior is concerned.za)

In the aggregative context, however, it is possible to make the dis-
eriminant bid prices compatible with the Alonso-type ones as Figure 2.2(b)
illustrates. Suppose that each agent in a city is to compete individually
for the land whose only attribute is the distance from its center. Then we
might have the Alonso-type bid price curves ?i within the city, which are
decreasing w.r.t. z, as depicted on the P-z plane. It is well-known that
the parcels of land occupied by each activity are spatially separable at
the static equilibrium as seen along the z-axis. However, when each bid
price curve for the agents, belonging to an activity i, is aggregated over
the zone, it is possible to view the probability distribution of bid prices
f(?j) as the discriminant ones as shown on the f-P plane.

It must be noted that each distribution is defined on the range of bid
prices by an activity corresponding to the entire city, and not limited to
the places it prevails. For instance, the commercial activity C might
present the highest bids in the city as far as the "revealed" bids are
concerned, but this does not necessarily imply that it could present the
highest bids to the average land in the city. Thus its average bid to the
aggregate zone iC may be lower than the residential one ?R as the portion
of land occupied by the former is generally limited. In addition, since
the land price curve P(z) is defined as the upper envelope of the bid price
curves, the average land price P in the zone necessarily exceeds any of the
average bid prices. In this respect, the random bid prices to the aggre-
gate zone must not be confused with those in the disaggregative context.

Now we turn to the next question as to how these random bid prices are
related over a system of cities. Figure 2.3 depicts the Alonso-type bid
prices ?? in each city d for two activities, i=C and R, along with the

division of land therein. From the above discussion, those bid prices can
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Figure 2.3. The bid prices and average land prices across aggregate zones.

be aggregated over the city to generate the average bid prices ﬁ? and the
lanc price ﬁd. Suppose that city 1 is so dominating that its center can be
regarded as the CBD of the system. Then the sequence of aggregate land
prices would constitute a step function which is decreasing from the CBD as
seen across the cities, and a similar argument also applies to the se-
quences of aggregate bid prices.

Meanwhile, when the random bid price theory is employed to determine
the allocations of land, it is appropriate to consider that the industrial
and housing capital stocks, or the numbers of emplo?ees and residents are
distributed depending on the land. Recalling the faect that the land in an
aggregate zone is far from uniform in reality, it does not seem so meaning-
ful to consider the intermediate spatial level to secure a multi-phased
process concerning land. Hence, on the contrary to the flow analysis, we
employ a single-phased distribution process concerning stock variables,
which are preceded by the allocations of land at the municipality level.

It is noteworthy that the zonal land price P is obtained as the
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average of the locators' bid prices rather than the maximum. In this
connection, it is possible to shift the bid prices for a zone calculated by
eq.(2.1) to make their weighted average coincide with the zonal average
land price. Here the aggregate share p? of the i-th activity in zone d

caleculated by eq.(2.1) is invariant with the addition of zonal shift param-

eter Bd to the disceriminant bid prices ??.

d Lq exp ?q exp(¥?+8d)
i i i

o & I Id 5 I.ex ?d £ I.ex {Vd+Bd) L0
i ik LF it

Then if the zonal land price VLd and the land area occupied by the i-th
activity L? are known, we can calculate the shift parameter for the zone
from the following relation.
__d . dvads o wd
=73 {9 ¥
VL I (9+BT)L/ (L)) (2.3)
We employ the first three terms of eq.(2.2) as the basic formula to de-

scribe the locational competition in the model.

2.3. Expression of Dynamism
While the Lowry model was developed for deseribing a static equilib-

rium of land use, many of the succeeding models have been developed as
quasi-dynamic models as mentioned in the previous chapter. Here the term
"quasi-dynamie" would imply that the model is short of some qualifications
associated with "real” dynamic models, viz. some kind of foresights are
introduced to all the agents in the model. In particular, the following
two respects appear to be relevant.

i) While some of the agents behave under clear foresights, others are as-
sumed to behave myopically. For example, in the theoretical model of urban
land use, it is commonly assumed that the developers’ decisions are based
on long-term foresights, but households are simplified to behave in a
totally myopic manner.zg}

ii) The model considers the foresights in a very limited way such that the

functions to determine the allocations of economie indices are based on the
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lagged information from one or two periods. Concerning the stock
variables, it is desirable that such allocations are made in terms of
increments, but it is a common practice that the model is designed to
distribute the g;oss amounts, rather than the increments, every period.

An operational model which is quasi-dynamic naturally becomes a one
technically called a recursive dynamic model. Hence, the metropolitan land
use model to be proposed in this study also belongs to this category. As
we shall return to its general construction in Section 3.2, we here confine
ourselves to a very rough sketeh of our model, which is composed of three
major model blocks. Figure 2.4 illustrates that the location model is
executed at the beginning of each period to distribute the stoek aspects of
macro framework set by the regional frame model. This implies that the
former model is supposed to provide an arena for the economiec activities in
the flow sense. The activity model is responsible for determining the
spat.ial allocations of flow variables onto the arena, which is assumed to
be held fixed throughout each period. And each block must be capable of
incorporating the exogenously given policy variables. Hence, we can ob-
serve that the activity model is essentially static in the sense that it
deals with the flow variables which have to be cleared within a period
while the location model requires dynamic formulations by itself. The
model as a whole is recursively constructed so that each block is furnished

beginnlng of ™

beginning of beginning of

period(t-1) period t perlod(t+1)
? > o € P ——
AV €——— period(t-]) \VJ perjod t v
LPollclu I I Policies ] l Policles I l Policles l ! Policles I
e e N
=l Ietlnu;ll _____________________________ o , Reglonal | Regional |
rame
A mode A frase model il A frame model N
J Activity model t Activity model 1
y \‘J t‘
% Locatlon model [-esmrescermeseensnsnnanennsd N Location mode] [--es-earesenaesscuoncasaneess Location model >

Figure 2.4. The basic flows in a quasi-dynamic simulation.

se====> lagged Information
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with the necessary information in the form of predetermined endogenous
variables, including lagged ones, as the simulation proceeds.

In connection with Lhe second point, there exist essentially two
alternative ways Lo consider the LHS of eq.(2.1), which represents the
share of land in zone d to be occupied by the i-th activity.

(a) the share in terms of stocks; c?

Those are,
= 19719, and
(b) the share in terms of stock increases; = 5L?/LﬂDd.
where Li and ﬁLi are the area occupied by the i-th activity and its incre-
ment in a period, respectively, and LF is the area of inhabitable land. As
we consider that demolitions take place at the very beginning of each peri-
od, LAD is the land available to the locators taking the area released from
removal of the i-th activity ?Li into account.

pap? = 7% - 2, Llc g 8 L (2.4)

Naturally, it is theorelically desirable to employ the ratio (b) when
we try to describe the locational process as a truly dynamic one. In that
case, an accumulation of long-term data on the increments in land use would
be indispensable. In particular, when the simulation is based on a
relatively short cycle, such as a year, it is difficult to obtain stable
estimates from such increments, which are quite fluctuating when compared
with the land use data as stocks. It must be noted that the present land
use is an accumulation of many locational choices made through the history,
and could noway represent the result of the market competitions which are
concurrently efficient. Nevertheless, by virtue of the fact that much more
stable projections can be expected with the ratio (a), we employ this for
estimating the bid price functions as a "second-best" measure. In return,
we would employ the incremental ratios r? in the actual simulations, which
are obtained from the difference approximations of the bid prices based on
stocks, ??(L). S
For expository purposes, we first consider the formulas based on

29)

continuous time following Fujita. Suppose x? denotes the number of
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W . i d
agents belonging to the i-th aclivity who locate in zone d, and u; and v

denote the construction and demolition speeds, respeclively. Then the
change in the number of locators is expressed by the state equation,

-d d d _d d d

Xol S MTte W = A5 = NS

i i i i i

where r? is the demolition ratio of the existing stock for a unit time.
We further assume that k? and sd denote the lot size of the i-th activity
and the inhabitable land in zone d, respectively. Then eq.(2.2) reduces to
the following ratio, where the subscript 0 identifies the reservation

demands by the non-urban uses such as agriculture.

exp(?d) kqxg
d p bl -
i . (2.5)
: i exp(W ) sd
J=0
Meanwhile, the locational probability for the stock increments are given by
RQUq RQ(iq+rqu)
¢ = 3 = (2.6)
i e m kd( d d) Sd_ (1 ?d) s
J 1 J e

. When we regard k? and sd as constants, the change in stock can be calculat-

ed by differentiating eq.(2.5) w.r.t. the time.

% & o exp(¥.) &% exp(??) v Ej =0 jexp(? )
s S (s e -(v")?‘ i (?))
g b Ijqexp(¥y i Yj=gop 45202502y

Incorporating the above into eq.(2.6), we have the following probability

for the urban activities; i = 1, vy my
4 exp(¢§) * ; 0¢ e\p(? )
= {Wi+ 'i -*ET—AL———————} (2.7a)
exp{? )+EJ 1 jexp{? ) Zj Dexp(? )
while the reservation probability can be calculated as follows.
d_ d, d_ d m ,dd
b AR (T b 21K 5V~ Ti KUy
5% S A d_ m d d d
i=1 s E w1 k. (x iV )
1
exp(rh) (14917 exp(e)+ (exn(r) 2" idexn (v )
& (") o i=1 1 1 §9 (2.8a)
m d A
Ei=nexp(?i) etp(? )+£1 i iexp(? )

In practical applications, we might use equations which correspond to
the difference approximations of egs.(2.7a) and (2.8a). However, since

nonnegativity of these approximations is not guaranteed, we will use the
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following expressions instead.

1 exp(?9) @ a Vightfexs(e))
%= _H[ - TR max{ﬁ?i+ Vi = I 0}], (2.7b)
A exp(?0)+EJ=1rJexp(?J) ijﬂexp(?J)
. A IRt (et d
Pd : i_{ LxP(?o) max{(l+he0)ai=lexp{vi}+{uxp{v°) Ej=1£xiexp(?i]}. 0}
o d*.m d il el =t L
A li:ﬂexp(?i} exp(?o]+1i:lriuxp(€i)
(2.8b)
where Ad is a constant to keep £T=0r? =211;

When we consider the backward differences, the bhid price ?? is to be
evaluated at time t, and its difference is given by ﬁ??{t) g ??(t}-??(t-l}.
As we have seen in the previous section that ?? is discriminant by itself,

and thus, it can be regarded as a non-dimensional variable. Accordingly,

d?? becomes conparable with the demolition ratio v? as both share the
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CHAPTER 3

MODEL CONSTRUCTION AND PRELIMINARY CONSIDERATIONS

Considering the configurations of a metropolitan model discussed in the
previous chapter, it is now possible to describe the outline of the model.
After defining the classification of hierarchies in spatial units and
activities, the overall construction of the model is presented. In
addition, several preliminary subjects, which are considered to be indis-
pensable in operating the model for a metropolitan area, are also
discussed. The nonsurvey method to obtain proper coefficients for the

stucy area related to the input-output analysis is among such subjects.

3.1. Classification of Localities and Activities

The model to be constructed in this study is aimed at simulating the
allocations of the flow and stock aspects of urban activities in a metro-
politan area. In this regard, the spatial units considered here should be
small enough to follow the changes in urban spatial structures. Supported
by the increasing availability of data collected for the third-level meshes
(approximately 1 square kilometer each), some of the recent Japanese models
(Nakamura, Hayashi and Miyamotol). and Amano, Toda and Abez}, for example)
employ those meshes as the minimal spatial units. However, when we consid-
er such economic indices as income or expenditures, which are hardly
caplive to a location, it is difficult to obtain dependable statistics at
that level. While many statistics' are available on the basis of loecal
Jurisdictions such as cities, wards, townships and villages, our model
often requires detailed data which are available only for cities and wards.

The Japanese local governing system consists essentially of three
hierarchical levels. That is, the metropolitan or prefectural governments
are subordinate to the national government, but have jurisdictions over the

governments of special wards, cities, townships and villages. As all the
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regional statistics are available at the prefectural level, it is benefi-

cial to consider the prefectural data as the control

totals for those of

lower Jjurisdictions constituting each prefecture. And it is possible to

estimate the data for townships and villages using the prefectural ones.

However, by

regarding these lowest local jurisdictions as the minimal

spatial units in our model, we must face the problem of diminishing statis-
tical reliability due to errors associated with suech estimations.

£l

connection, we regard the area which consists of at least one cily or ward

In this

as a core and surrounding townships and/or villages,

if any, as a minimal

spatial unit. The unit is called a C-level zone since the area approxi-

mately corresponds to an old eounty. Incidentally, it is natural to
analyze the study area in three levels corresponding to the hierarchy of
the governing system. The metropolis or a prefecture is regarded as the
medium spatial unit called a P-level zone, and the study area as a whole is
regarded as the highest one; the R-level zone or Region.

As the study area, we employ the Kanto Region comprising Tokyo Metrop-
olis and six prefectures surrounding it. Accordingly we have seven P-level
zones, among which Tokyo and the southern three prefectures (Saitama, Chiba
and Kanagawa) are subdivided into 10 to 14 zones as shown in Table 3.1.H
The northern three prefectures are left undivided since we consider subdi-
vision of the southern prefectures, where most of the economic activities
in the Region concentrate, suffices the aim of our study to demonstrate the
operationality of hierarchical construction of the model. Consequently we
have a total of 51 zones, 48 of which belong to the C-level.

On the other hand, the industrial activities are categorized into 35

fl. Tokyo Metropolis has jurisdiction over the remote
Boniin archipelagoes identified by Zone 615. According to the 1980 popula-
Lion census, the population of the zone amounts to 33674, which merely
corresponds Lo 0.29% of the metropolitan population. Although we exclude
the zone from our study area, the amounts correspond to it are redistribut-
ed proportionally over the remaining 14 zones to maintain
consisleney at the metropolitan level.

islands of Izu and

the statistical
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Table 3.1. Classification of zones employed in the study.
Prefectures C-level Zones Cities, Wards. Townships and Villages Centroid Station
;- ;ha;:k: ;23 _Ir::;::: No subdivisions are considered for Northern :;:;Enoatra
. Tochie
3. Gumma 300 Gumma IREGE PIPINCLUTES, Maebashi
4. Saitama 401 Urava Kawaguchi, Urava, Omiya, Yono, Farabi, Toda, Hatogaya Urava
402 Kitaadachi Xonosu, Ageo, Okegava. Kitamoto, Kitaadachi County Okegava
403 Tokorozava Xawvagoe, Tokorozava, Sayama, Asaka, Shiki, Wako, Niliza, Shiki
Fujiml, Xamifukuoka, 01, Miyoshi
404 Hanno Hanno, I ruma, Sakado, Moroyama, Ogose, Tsurugashina, Hanno,
Hidaka, Naguri Higashihanno
405 Niki Higashimatsuyama, Hiki County Higashimatsuyama
406 Koshigaya Iwatsukl, Kasukabe, Soka, Koshigaya, Yashio, Misato, Shinkoshigaya,
Matsubushi, Yoshikawa, Shova Minamikoshigaya
407 Kuki Kuki, Hasuda, Kurihashi, Sagimiya, Satte, Sugito, Xuki
Minamisaitama County
408 Kitasalitama Gyoda, Kazo, Hanyu, Kitasaltama County Hanyu
409 Fukaya Xumagaya, Honjo, Fukaya. Kodama & Osato Counties Fukaya
410 Chichibu Chichibu, Chichibu County Chichibu
5. Chiba 501 Chiba Chiba, Yachiyo Chiba
502 Funabashi Ichikava, Funabashi, Matsudo, Narashino, Kamagaya, Funabashi
Urayasu
503 Kashiva Noda, ¥ashiva, Nagareyama, Abiko. Sekijuku. Shonan Kashiva
504 Narita Narita. Imba.Shiroi. Inzai. Motono, Sakae Narita
505 Sakura Sakura, Yotsukalido, Shisui, Yachimata, Tomisato Sakura
506 lchihara lehihara Goi
507 Kimitsu Kisarazu, Kimitsu, Fultsu, Sodegaura Kimitsu
508 Katori Sawvara.Katori County Sawara
509 Kaiso Choshi, Yokaichiba, Asahi,Kaijo L Sosa Counties Asahi
510 Sambu Togane, Sambu County Naruto
511 Solobo Mobara, Katsuura, Chosel & Isumi Counlies Ohara
512 Ava Tateyama, Kamogawa, Ava County Tateyanma
6. Tokyo 601 Chiyoda Chiyoda. Chuo, Minato Tokyo, Otesachi
502 Shinjuku Shinjuku, Bunkyo, Shibuya. Toshina Shinjuku
603 Koto Talto, Sumida. Kolo. Arakava Asakusa
604 Ota Shinagava, Ota Omor |
605 Setagaya Meguro, Setagaya Sangenjaya
606 Suginami Nakano, Suginami Asagaya
607 ltabashi Kita. ltabashi, Nerima Tobu-Nerima
608 Katsushika Adachi, Katsushika, Edogava Aoto
609 Mitaka Musashino, Mitaka, Chofu, Komae Mitaka
510 Tachikawa Tachikava, Fuchu, Akishima. Koganel, Rokubunji. Kunitachi | Tachikava
B11 Kitatama ¥odaira, Higashimurayama. Tanashi, lloya, Higashiyamato, |Hagiyama
Kiyose, Higashikurume, Musashimurayama
612 Hachioji Hachioji, Hino Hachioji
613 Minamitama Machida. Tama, [nagi Tama-Center
614 Nishitama One. Fussa. Akigava, Nishitama County Ome
615 Islands Oshima, Miyake, Hachijo & Ogasavara Branches
1. Xanagawa |70l Yokohama Center | Tsurumi,Xanagawa, Nishi,Naka, Hodogaya Yokohama
702 Yokohama North Kohoku, Nidori Shin’ yokohana
703 Yokohama South Minani, |sogo. Kanazawa, Xonan Kaniocoka
704 Yokohama West Totsuka, Asahl, Seya Futamatagava
705 Kawasaki Coastal | Kawasaki,Saiwal, Nakahara Shitte
106 Kawasaki Tama Takatsu. Tama Noborito
T07 Mivra Yokosuka, Kamakura, Zushi. Miura, Hayama Yokosuka. |tsumi
708 Shonan Hiratsuka, Fujisava, Chigasaki.Samukawa, Naka County Chigasaki
109 Koza Sagamihara, Yamato. Ebina, Zama, Ayase Zama
710 Atsugi Hadano. Atsugi, Isehara Isehara
T11 Odavara Odavara, Minamiashigara, Nakai.0i, Kaisei, Ashigarashino | Odavara
County
T12 Tsukuj Matsuda, Yamakita.Aiko & Tsukui Countics Yamakita, Saganmiko

Kote: Jurisdiclions are as of Oct.
belong Lo a single C-level zone, Lhe name of county is listed Instead of 'individual townships/villages.

1980,
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sectors shown in Table 3.2. Since our model places emphasis on analyzing
urban activities, a detailed classification is employed for services rather
than material producing activities. In particular, Sector 18 (Clerical
business) is considered separately from its mother industries to represent
the managerial function which characterize the CBD. Corresponding to the
spatial hierarchy, these sectors are classified into three categories; R, P
and C-level goods or services. That is, the P-level and C-level goods are
supposed to balance within a prefecture and a C-level zone, respectively,
while the R-level goods are possibly traded across Lhe regional border.
For example, the government services are classified into three sectors,
viz, national, prefectural and municipal, corresponding to the area over
which each government has its jurisdiction.
Although Leontiefs) suggests to categorize the activities in accord-

ance with the ordering based on net imbalances of their produects, such an
objective method seems impossible in our case.

This is due to the fact

that a number of sectors whose productions are defined as to coincide with

the demands by each location when compiling the input-output table.tz
Table 3.2. Classification of industrial activities.

R 01 |Agriculture. [orestry and fisheries N |3 |P 15| Yater supply UINI|[]J
K 02 | Minlng N | J |? 20 | Residential bullding U|N
R 03 | Food and beverages u J §P 21| Passenger transportation UInN|]1}
R 04 | Toxtile U J |P 22 | Freight transportation UinNlJ
R 05 | Yooden and paper products U J | P 23 | Communication U|INL|J
R 06 [Printing and publlshing u J | P 24 | Finance, Insurance and real estate | U | N | J
R 07 | Chealcal products u J IIP 25| Business services UiIN]T
R 08 | Metal products u J §|P 26 | Entertalnaent U|IN]|IJ
R 09 | Machinery u J P 27| Publle vorks of P-level U|N
R 10 | Other manulacturing u J [P 28 | Community services of P-level UinN|li
R 1l [Electriclty and gas U|N|[J|IP 29| Covernment services of P-level u
R 12 | Non-residential bullding L
R 13 | Far=flung transportation U|N|J |C 30| Rerall UlINI|Z2
R 14 | Yholesale U |N|JJC 31| Personal services UlN|J
R 15 | Public vorks of R-level U|N C 32 | Public vorks of C-level UjnN
R 16 | Community services of R-level U [N |J C 33| Community services of C-level UIN|J
R 17 | Government services of R-level u C 34 | Government services of C-level u
R 18 |Clerical business U |N C 35 | Sevage and vaste managesent UiN]IJ

Notes: 1) R, P and C preceding the sector nusbers represent that the sector is classified into R-level, P-level,

and C-level activities. respectively.
1) Symbols U, N and J attached to sectors Imply the following.
U = Urban activities vhose employees are collectively called the urbam eaployees,
N = Non-manufacturing private sectors used in conjunction with Investments, and
J = Seclors vhose nel Increase in stocks and net exports are possibly non-zero by definition.

t2. The sectors which are not marked with symbol J in Table 3.2. are those
without net increase in stocks nor net export by definition.
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Among them is the government services of R-level whose influence reaches
the entire nation even though it can never be measured in monetary terms,
We employ the regional tables for Kanto Region published every five

vears by Japanese Ministry of International Trade and Industry (MITI) as to
extract the fundamental input-oulput structures. However, it must be noted
that the table is compiled for the extended Kantc Region which contains our
Region and four other prefectures, Niigata, Yamanashi, Nagano, and Shizuo-
ka. The statistical results in this study are based on the data collected
between two consecutive census years, 1975 and 80, and the ll-prefectural
inpult-output tables for these two years are shown in Appendix as Tables A.l
and A.2, respectively. From those tables, we can calculate the ratios in
percientiles of imbalance to the production in the extended Region for the
respective years. Table 3.3 shows the means and maxima of those ratios, as
representatives for each level of commodities. From this we might infer
that our categorization is acceptable in the sense that the goods or serv-
ices of the lower levels are in general much more captive to Lhe Region
than when compared with those belonging to R-level.

3.2. General Construction of the ModelJ}

The model is composed of the three major model blocks; the regional

frame, the activity, and the location models, which are linked in a system-
atic way to form a recursive dynamic model as a whole. And each of them
contains a number of submodels as Figure 3.1 indicates, whose outlines can

be summarized as follows.

Table 3.3. The ratios of trade imbalance to production
[FMy | /Xe#100(%), in 11 prefectures.

R-goods | P-goods C-goods | All goods
1975 Means 56.65 2.49 1.01 30.09
Max. 781. 39 7.54 4.58
1980 Means 79, 54 3.33 1.86 42.21
Max. 1184, 22 11,82 9.48
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The major exogenous variables to the model are the regional population

N and the interest rate 7. Based on these and other predetermined
T ) e S e S S g A i i W
R fesiona] lﬂ“mﬂ“w“°1 ———- dé | variables obtained from the simulation steps for the previous years, the
opulation ' . e iy Sl e
Interest Ci~C4  ioenciiures Regional \Xe: | Xp: | XR; ! '
r*f‘“ i i +di<£-3-n Sar-itas g 18 Smatysis )G T s=s : regional frame model is to determine regional macro statistics which serve
: | KN Invesiments :
ﬁ | IRIGR  Tavertaests i I as the control totals for various activities in the Region for the present
X G I::;:uenu : |
5. Net_Increase | ) . : : . =
l LT 0 o period. The typical macro variables include the itemized final demands
Je M e i
E’ _______ | o _J shown in Table 3.4, which can be classified into the following three
e e e e e e e e e e s . — — —— —————— .
i e T 1 categories.
i P-Level Production
I (A Distribution I
(NG | ] i) consumption items; Cl, C2, C3 and C4,
R i
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' 2 » \Ji; L i W >
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:i R | As the items in the Lhird category are considered to fill in the gaps
" |
i
M | between demand and supply, those in the first two categories are collec-
(R} =
4 | tively called the net final demand.
(N )
0 From those final demand items, the regional productions are calculated
(N}
i —r
iy | ¥ ] ; through the input-output analysis at the regional level. In addition, as
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I _}_/-\ L Posterior s bbb [ | ......... > A
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' P"‘ . i r; Basic lacation PKI3-10 35ets .i I models, it is also necessary to determine the regional sums of locating
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=¢ . _ Agrieulture, acs L) - i il - —
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| ! Bullding 4, ' | tors, AK. (i=3, ...,10, and N for the non-manufacturing sectors), are such
'rEio Residential i| s 1 s 1
| Hipagaan Building __ __jl} Stock Accounting | TF™ Transport
| RS IGRS [¥iilienss o et ' L i Table 3.4. The final demand items
4 n 3 3 Tk o S L R ] ‘: & N 2 5
! (L &7 Land Use i
1B T i e : . . .
el [Rea=10Rksats : 01 | €1 Consumption expenditures outside households | C | N
] KN Trvestnent i rJH: _Housing Units) 02 | C2 Household consumption expenditures C | N
s - o|E%;  Eeptofees 03 | C3 Central government consumption expenditures | C | N
| Se—p= = 04 | Cd Local government consumption expenditures C|N
| Cm“u”ngvhui1—4E:, N° | " 05 | IR Private housing investment I [N
] bution Submodel | & 06 | IF Private capital formation except housing I | N
e o 07 | IGR | Government housing investment I B
______ 08 | 1G Government capital formation except housing I | N
. M A
08 | J Net increase in stocks B
Figure 3.1. The general flow chart of the model. 10 | FM Net export B

Note: Symbols C, I, B and N attached to items imply the Tollowing.
€ = Consumption items, | = Investment items,
B = Balancing items, and
N Items comprising the net final demand.
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variables..

The activity model is aimed at estimating the zonal allocation of
sectorial productions. The model combines the three level inpul-output
(3L10) model, which is essentially a three-stage version of Leontief’s
balanced input-output (BIO) model, with the distribution models for the
itemized final demands and the productions. The ways to deal with the
goods or services differ in response to the level to which they are classi-

5)

fied, The 3LI0 model deviates from the BIO model by the fact that the

final demands for all the commodities are distributed at a time, and this

-

t3

makes the nel exports be obtained in the form of imbalances. [t must be
noted that the distributions of investment items need not be formulated in
this model block as they are to be determined in accordance with their
loeations. Moreover, as the formulas for distributions of productions and
consumption items depend on the location of employees, capital stocks, and
other stock variables, the location model must precede the activity model
in each simulation step.

The location model is composed of five submodels, viz. the basic loca-
tion, stock accounting, auxiliary location, commuting distribution, and
demolition submodels. It combines the results from the activity model for
the previous period, such as the zonal productions and the zonal consump-
tion expenditures with their own lagged results to distribute the regional
employees and investments for the present period determined by the regional
frame model. The fundamental tool in the model to deal with the locational
compelilions is the aggregate random bid prices, with which the available
land area is assigned to the new locators in each zonal land submarket. To

estimate removal of the present locators is anolher important function of

the model, which precedes the location of activities to provide the arena

t3. The word net export refers to the total exports less imports of the
area, where the balance equation is considered, with the rest of the world.
Hence, when considering the imbalances at the local level, they include the
domestic trading within the Region.
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for the locational competitions. Accordingly, the stock variables includ-
ing land areas allocated Lo each activity, numbers of housing units, and
population by zones are also determined in this model block, and such
outcames provide information to the activity model for the present period.

Summarizing, the simulation proceeds in the manner that the location
and activity models are repeated in each period under the regional frame
model, which determines the control totals for the present economic activi-
ties. In this regard, the model incorporates the recursively dynamic
procedures that the stock analyzing and the flow analyzing steps are exe-
cuted alternately. While the detailed descriptions of those model blocks
are given in Chapters 4 through 6, the rest of this chapter is devoled to
discussions on some of the prerequisites which would become necessary in
the course of the actual formulations and/or simulaLi?ns.

3.3. Commodity Based Inflatorsﬁ}

When we attempt to simulate the economic activities during a certain
period, it is common practice to describe all the mone}ars values in real
terms, rather than nominal. In this connection, we employ the year 1975 as
the base year for denominations. To achieve uniformity of prices, it is
necessary to compute the price inflators for respective commodities. This
section is aimed at describing a simple method to obtain such inflators
using the input-output framework.

Commodity based inflators are published by Management and Coordination
Agency as a part of the link inpuf-output Lables.q} The inflators are
available for the integrated sectorial classifications as well as for the
basic clasaifications.T4

However, as the way to integrate sectors differs

from ours, it is not appropriate to use the former, and thus, rather

t4. The numbers of sectors fluctuate by vears. The numbers of rows and

columns, respectively, are 555 and 407 for 1970, 567 and 419 for 19756, 546
and 411 for 1980, and 529 and 408 for 1985.
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complicated integration procedures would be required if we choose to use
the latter information. Nevertheless, the resulted inflators are for the
national level, which would not necessarily be applicable to our study
area. Accordingly, we choose to calculate the commodity based inflators,
which could be applicable to whatever sectorial classification, indirectly
from the implicit deflators for the gross prefectural expenditures avail-
able in Annual Report on Prefectural Accounts.

The commodity based inflator dj = k?/xi (for the i-th commodity) can
be calculated in the following manner. Suppose that the itemized final de-
mands are given in both nominal (WJ] and real (Wj) terms (for the j-th
item), where the superscript o indicates the real values throughout this

section. The input coefficient in real terms can be written as

(4]

.0 8]
e Gl o |
%1J i.]/.l

ilij/djxj B (di/djjaij. (351

Using the input coefficient matrix A and the diagonal matrix D consisting
of di's. A° = DAI}_i gives the matrix representation of eq.(3.1).
Meanwhile the itemized final demands are converted into the commodity

based ones;, Yi’ by means of the final demand converter, cij‘ which repre-

sents the proportion of the j-th item to be spent on the i-th commodi;y.

That is, cij = Yij/wj' where Yij denotes the nominal amount corresponding

to cij' and thus, we have Y = CW using the converter matrix C and the
vector forms of Yi and Wj. Similar to eq.(3.1), the final demand converter

in real terms can be written as

O =4.x../1.4dY

i Gl B e e S dicij/Eidic... (3.2)

1)
This also becomes C‘J = DCEH‘. using the diagonal matrix E whose j-th ele-

ment is given by I.d.c. ..
8 U

Now the nominal and real production vectors X and Xo. respectively,

can be expressed by the lollowing equations.

(1-A) ‘oW, (3.3)
1)*1 |

(Nominal) X

(Real) X° = (1-DAD™ ") 'DCE ™ 'w°. (3.4)

Incidentally, from the definition of the inflator,
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4. =%%7%. or D= (diag X°)(diag X.)4, (3.5)
1 1 : 1 1

we can establish an iterative procedure to obtain di which satisfies

That is, we first set the initial value of dj to 1, and caleu-

Then by comparing X® with the

eq.(3.4).
late the estimaée of X° from eq.(3.4).
nominal veetor X, we revise the value of di by eq.(3.5) until the conver-
gence criterion is met.

This method can produce a set of commodity based inflators which is
consistent with the input-output matrix for the study area, and is applica-
ble to the Region where such matrix and the nominal and real itemized final
demands are nvailable.’s Although we attempt in the next seclion to modify
the inpul-output tables for the extended Region to Lhose consistent with
our study area, we here compute the commodity based inflators using the 11
prefectural input structure as the modified tables would vary depending on
the method of such modification. Table 3.5 summarizes the 1980 inflators

for itemized final demands based on 1875 prices, and the resulted commodily

Table 3.5. The 1980 inflators for itemized final demands and
commodities based on the 1375 prices.

FFinal demands Commodity based inflators
T 01 [0.836610 [ 13 |o0.870179 | 25 [o0.770336
c2 |o.716710) 02 |o0.605333 | 14 [0.818757 | 26 |0.699515
€3 |o0.750070 || 03 |0.720891 | 15 |[o0.708848 | 27 |[0.803826
c4 |0.749893 || o4 |o0.664615| 16 [0.771234 | 28 |[0.677785
IR [0.718059 || 05 |0.626454 | 17 |0.764339 | 29 |0.780155
¥ |0.857090 | 06 |[0.890169 | 18 |[0.773250 | 80 |o0.674128
IGR |8.722021 | 07 |0.848820 | 19 |[0.708295 | 31 |0.651358
G [0.772615| 08 |0.872391 | 20 |[0.927274 | 82 |0.708572
09 |o0.712662 | 21 |o0.727128 | 33 |0.637623
J 0.683714 || 10 |o0.822598 | 22 |o0.787684 | 34 |0.780156
P 0.770638 || 11 |o0.727719 | 23 |o0.759503 | 35 |0.750102
M 0.746188 || 12 |o.881078 | 24 |o0. 714555

t5. It must be noted that there is a slight inconsistency concerning the
periods on which the statisties are based. That is, while the itemized
final demands are based on the fiscal year, the price indices with which
the real terms are calculated, and the input-output tables are based on the
calendar year. However, we disregard this conceptual difference so that we
use the final demands as if they are calculated for Lhe calendar year.
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based inflators.TG

As Lhe convergence criterion, we employ ¢ =
Elldiﬂdgﬁl}l < 10"6, where the superscript (-1) indicates the values at the
previous step. This criterion is met after 841 iterative steps in the
presenl case, ’

Roughly speaking, what we seek through this method is to restore the
commodily based price indices on which the final demand deflators should be
based. It must be noted that while the inflators to be calculated here are
of the Paasche type, the data they originate from, viz. the deflators in

8)

the income statistics, are of the Laspeyres Lype, and thus, there exists

a slight conceptual discrepancy between them.

3.4. Nonsurvey Modification of Input Coefficients and

Final Demand Converters
3.4.1. Nonsurvey method for regional input-output tables

As mentioned before, while our study area consists of 7 prefectures,
the regional input-output tables to be used are compiled for 11 prefec-
tures. It might be possible to apply the input structures shown in those
tables directly to the Region, but it has been found inadequate to use them
as Lhey are. This stems from the fact that the imports in some sectors are
Loo large to keep the total final demand positive. Consequently, the
productions in such sectors could become negative, even though the Leontief
inverse matrix is positive definite.g) And the facl that the positive
productions are not guaranteed under input coefficients compiled for the

extended Region suggests the necessity to modify Lhose coefficients to meet

the configuration of our Region.

f6. As the prefectural income statisties do not carry the consumption
expenditures outside households Cl, our calculation excludes this item. On
the other hand, as the statistics carry exports F and imports M separately
in most prefectures, we basically treat these items independently despite
the problems of double countings associated with intra-regional trades.
However, effects of such problems would be limited as we exclude trades to
and from Tokyo and Kanagawa, where trades are listed collectively under the
term of statistical discrepancy.
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The existing studies on nonsurvey techniques are reviewed by Roundlﬂ)
and Richardson.ll} In the spatial context, such studies might be classi-
fied into three categories, i.e., i) to obtain a subregional table from the

regional one, ii) to obtain a multi-regional or interregional table for
subregions, or iii) to apply the existing table to another but a similar
region, out of which the first case applies to our circumstances. Typical
studies have concluded with obtaining self-sufficiency rate (the proportion
of i-th inputs provided domestically for producing a unit of j-th product)
from the location quotients, and with little emphasis on the multi-regional

12)

consistencies. For example, Sasaki and Shibata try to consbtruct a
multi-regional input-output system using the regional export-to-production
ratios, where the location quolient for subregion r is defined as an index
to identify the degree of specialization to the i-th commodity.

1 = (X{/XT)/(X,/X)
In this case, cross Lrading is precluded although the sums of subregional
trades are necessarily consistent with the regional ones.

On the other hand, the RAS methodls} to reflect technical changes with
time is widely applied in the spatial context. While this method requires
intermediate demands and inputs to be known for the target region, It is
practically impossible Lo obtain them independently for our Region. As the
matter of fact, it is possible to estimate them ﬁsing the input coeffi-
cients aij for the extended Region, but aij may never be modified in this
case. In this connection, the following two points become the focus of the
modification method to be proposed. That is, i) to determine the net
export vectors in the subregions by explicitly considering cross trading,
and ii) to modify the final demand converter matrix simultaneously with the
input coefficients.

The former could be achieved by incorporating the inter-subregional

trade model, and we here employ a simple gravity model, where no distance

decay is expected, due to the limitation of trading data. The latter is to
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meet the minimal requirement of the RAS conversion that at least either of
the intermediate sums is calculated independently of the original input
structures. As we only need the output system of the input-output analysis
in our model, the value added sectors are excluded from our modification
methnd.?7 Accordingly, our method combines the RAS conversion for the
endogenous sectors with the Fratar methodl4) for the final demand sectors.
3.4.2. Net increase in stocks and net ;xport

While the commodity compositions of the net final demand items are
supposed to be relatively stable across regions, the net inerease in stocks
J? and the net export FM? = F?—M: might drastically differ from the origi-
nal compositions depending on the loecal supply and demand capabilities. In
our context, the region refers to the 11 prefectural region which comprises
two subregions, viz. our study area denoted by r and the remaining four
prefectures denoted by s. And these two items need a separate considera-
tion from those included in the net final demand.

Suppose that the increase in stocks arises at the production site, and
there is no essential difference in demand-supply relationship across
regions. Then we could employ the following approximation.lﬁ)
Assumption 3.1. The regional net increase in stocks Ji is distributed over
subregions in proportion to the local productions, i.e.,

37 = (XX (3.6)

Regarding the net exports, we make the following assumption, where we
call the trading to and from outside the region export F and import M,
respectively, to distinguish them from the intra-regional trade : i
Assumption 3.2.

i) The export is distributed over subregions in proportion

to the loeal productions, and the import is proportional to the local net

1. It is possible to apply the RAS melthod simultaneously to the final

demand and value added sectors by means of a closed system (see Jensen and

McGaurrzU)).
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demands. ii) The regional supplies of the commodities are distributed over
subregions in proportion to the local net demands.
The net demand is defined as the sum of the intermediate and the net

final demands. In subregion r, for example, it is given as follows.
r 35 r 8 r

D1 = Ej=laijxj + Ej=1cijwj (3.7)
Then the above assumption can be written in the following manner.
1 CUTR P ik
i) Fy = (X;/X,)F, M, = (Di/Di)Mi, (3.8)
i A S
1) 1% = 05/, (x{-F)), (3.9)

where the latter expression represents a simple gravity model which is
consistent w.r.t. spatial aggregations.
Figure 3.2 depicts the trades associated with our extended Region.
The net export of the i-th commodity in our study area can then be decom-
posed as follows.
PM{ = (F{#T°) = (M{+17) (3.10)
The subregional converters for the balancing items can be calculated

in accordance with eqs.(3.6) and (3.10).

r

Cig (3.11)

<GPy 1B R T YR
T340 ey g = PM /2 FM;

It must be noted that these two items may take either positive or negative

values, and thus, the denominators of eq.(3.11) may possibly become zero.

In that case, it would become necessary to distinguish between the positive

4 Prefectures

Study Area (7 prefectures)

Figure 3.2. The trades associated with the extended Region.
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and negative values in calculaling the converters Lo avoid indefinite

results. i

3.4.3. Input coefficients and net final demand items

The modification of the converters corresponding to the net increase
in stocks and the net export is proved to be insufficient in explaining the
subregional economic structures. Hence, it is necessary to modify the rest
Inciden-

of the coefficients to meet the configuration of our study area.

tally, the fact that the 7 prefectural region is economically dominating

-~

in most respects in the extended Region suggests the applicability of
mechanical modification techniques. Hence, we propose a method based on
the RAS and Fratar methods as described below, whose procedures are also
shown in Figure 3.3 as a f{low chart.

i) Set the step number k at 0. Calculate the initial value of the final

(0)

demand for the i-th commodity from the j-th item, YiJ , using the convert-

ers for the extended Region, cij' and then, that for the commodity based

18

net final demand, fioess
w400 o T agd ¥ 0o gy (0),
1J lJ J i e
We also calculate the initial value of intermediate input using the input
e (0)_ I r
coefficients, a}.'= a,,, for the extended Region; Z. = §.a.  X..
ij ij J 113

ii) Caleculate the net increase in stocks and the net export for the study
area using eqs.(3.6) and (3.10), and then calculate the corresponding
converters by eq.(3.11).

iii) Let k be the new step number, and calculate the

keld g at b
i J Y

intermediate demand

for the previous step; U

.

t8. In practice, a negative value is found at the intersection of Sector
13 (Far-flung transportation) and the central government consumption C3 in
the 1980 table, probably because of the subsidies to cover the deficit of
the Japanese National Railways. Although this negative figure requires
separate treatment, we discuss in the text the case where all the net final
demands are positive. This is due to the fact that the negative figure can
be regarded as a peculiar case. For an example of such treatment, refer to

6)

Ando and Sakai.

a gy Input coefflcients for the extended Reglon

cyy Final demand converters for the extended Reglon

X Productions

W3 Itemized net final demands

Z 3 Intermediate inputs

y {9 commodity-based net final demands

!

7T Net increase o Unit converters for

- L _In stocks 128 _ _net increase in_stocks
(0) €0) Unit converters for

F ¥y 88t Baput €C1.10 net export

[

-

Y (&) Commodity-based
i net final demands

U 10:) Intermediate Inputs

¢y RAS conversion of
813 the input coefficients

) Unit converters
€1.16 for net export

X
]3‘;1:31{1}) i ge= ¢ or converges

?

IY I, Fratar adjustment of the net final demand matrix

|

|c ’,’, Final demand converters

Flgure 3.3. The flow chart of the process which jointly modifies
input coefficients and the final demand converters.

As we can observe from Figure 3.4, which illustrates an input-output table,
that there exist alternative ways to obtain the commodity based net final

demand as well as the intermediate one.

Yik_l)'= Xli‘ b J]i’“ " FM(RFI)" Uik“l} (3.12)
ng—l)': L FMgkhl}_ ng'l), (3213
i 3 1 1 :

Since these values and those previously obtained have to coincide with each

other pairwise, we try to narrow down the discrepancies by taking averages
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! (Endogencus Transactions) 2 || (¥et Final Demands) | & = ol |
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{Intermediate Inputs) ZJ Z (NFD by items) WJ 2
Figure 3.4. An illustration of an input-output table.
of the two separate estimations. And let the values of these averages

which are adjusted to meet the control totals, ijg and E.ZT. be the esti-

mation at the present step, i.e.,

(e} o (les1) (k-1)" R o PN - o ) [ (=1 p
Yj = (Yi /EiYi }ijj‘ Ui - (Ui /ZiUi )zjzj, (3.14)
where
ng'l} = (ng"1}+Y§k"l) )/2 and ugk*l) = (ugk‘1)+ufk'1} )/2.  (3.15)
However, in sectors either whose final demands are zero by definition, viz.

18 (Clerical business), or whose intermediate demands are zero, viz. 20
(Residential building) and the government services (17, 29, 34, only in

1875), the values obtained from either of eq.(3.15) should eventually

become In this connection, we use the alternate formulas for these

sectors, 1i.e., ng_i) =

Zero.
vgk‘1}+vgk‘l)’/2
1 1 1
(k-1)"_ y(k=1) ;(k-1)

1 1 i

for sectors in the former

category, and Y /2 in the latter.

iv) Apply the RAS method to the endogenous sectors to modify the input
(k-1) (k)

coefficients aij of the previous step. The revised coefficients aij

are in conformity with the row sums ng) and the column sums Z-.
v) Calculate the regional net demand by ng)= Zjagg)xg - ng}. From this,
(k)

we can estimate the net export for the present step, FM , using egs.(3.8)

i
through (3.10).

vi) Check with the convergence criterion. If it is satisfied, proceed to

the concluding process vii), or otherwise return to step iii).
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vii) Apply the Fratar adjustment to the net final demand sectors using the

k r 3 : p ;
row and column sums, YE ) and Nj‘ and the initial net final demand matrix,
. 2 k
{qu)}. as the present pattern. From the resulting matrix, {ng)}, we can
1,)
; : : ) S
caleulate the converters for the net final demand items, cij sod= L sty B
Our method could be applied to the target areas wherever the produc-
tions by sectors and the itemized final demands are known. As mentioned
before, it concentrates on the output system, the revisions are made only
along the row direction, and thus, the column sums, ZE and W;, are fixed at
the initial wvalues. Although it is possible to extend our method to

incorporate modifications along the column direction, the present method is

proved to be sufficiently effective according to the empirical resultls

shown below.

3.4.4. Empirical results
We have applied our method to the 1975 and 80 tables compiled for the

extended Region to meet the configuration of our study area, Such

modifications are made on the nominal basis, and thus, the conversions to

the real basis are made after the convergence criterion is met. The con-
: k-1 =9 : i
vergence criterion employed is ¢ = Eiicikio—cg'lo)l/SS < 10 ©, which is

satisfied after 21 and 16 steps of iterations for the 1975 and 80 tables,
respectively.

For examtning the effects of modifications, we consider the following
three cases; (a) the case using the input coefficient and the final demand
converter matrices, including those for the net increase in stocks J and
the net export FM, obtained from the original tables, (b) the case similar
to case (a), but modifying the converters for J and FM, and (c) the case
revising the entire matrices through the\ procedures described in the
previous subsections.

Table 3.6 summarizes the converters for the neg export corresponding

to these three cases. While the converters in cases (a) and (b), in
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Table 3.6. The converters for the net export and ry and sy for the endogenous seclors,

(a=18) (b-18) (e-15) (a-80) (b-80) (c-80) ry(75) 5;(15) Ty (80) s;(80)
01 |=1,4198 |-1.1381 |-0.1346 |l -1.2578 |-1.2828 |-0.1099 0. 1870 2. 1532 0. 1467 2, 6981
02 | -1.8%80 |-1.4391 |-0.0721 |l-2.7065 |-2.0746 |-0.0133 0. 0032 17. 941 0.0006 29.034
03 |-0.3234 |-0.7397 | -0.0566 |-0.5176 |-0.9428 | ~0.0413 1. 4864 Laut 1. 1188 1.6107
04 | -0.4175 |[-0.5266 | -0.0481 | -0.5439, |-0.5960 | -0.028% 0.2418 3.8648 0.1189 1.2692
05 | -0.5817 |-0.7851 |~-0.0877 |l-0.7018 |-0.8327 | -0.0461 0. 1599 .2118 0.03958 4.8457
06 | 0.3174 0.511% 0. 1008 0.5397 0.8518 0.0874 0.3083 3.8012 0.3477 L4871
07| 0.6253 0,0273 0.1183 0.56817 |-0.2668 0.0594 0. 5256 1. 6848 0.5765 1.5979
08 | -0.0539 |~-0,8704 | ~0.0062 ||-0.5092 |[-1.4364 |-0.0358 0.5099 1. 2804 0. 5405 1.1236
09 | 3.1113 3. 58686 0.8817 s.1212 5.7500 0. 7358 4.0803 0.3427 3.59529 0. 3488
10 | 0.1305 0, 5783 0.0414 | -0.0082 0.2550 0.0010 0.4730 2.0194 0. 4134 1. 9617
11| =0,1213 |-0.0845 |-0.0278 |l-0.3871 |-0.3056 |-0.0422 0. 1900 3.8808 0, 1960 4. 5943
12| 0.000% 0.082% 0.0001 | -0.0059 0.0594 | -0.0008 2. 4835 2.1100 1. 6955 21789
13| 0,254 0.3226 0.0528 0. 1071 0.1986 0.0108 0. 4443 1. 7587 0, 3380 2. 1322
14| 0,6830 0, 7430 0. 1620 0.9676 1.0758 0. 1145 1. 0422 0.8923 0,9910 0.7805
15 R - s == Es g 1. 6727 21,128 14158 20. 687
16 | 0.0049 0.0100 0.0013 0.0405 0.0529 0.00§5 0.2703 4.7990 0.6138 1.9368
11 > s i =5 e AYE 2 §.3251 I 13,741 T.0114
18 et 7 s sk = =B 0. 5901 1. 0.5816 I
19| 0.0001 |-0.0004 0.0000 | -0.0004 0.0002 |-0.0001 0.0316 13,402 0.0292 17. 669
20 = = Linb- i = ®ja §s 2.1808 1. 2.3507
21| 0.0276 0.120% 0.0075 0. 0445 0.1196 0. 0061 0, 7069 2.5384 0. 4744 3.8318
22 | 0,0822 0. 1817 n.o0z52 0. 1366 0.1771 0.0192 0. 2002 3.8908 0.1321 5.2358
23] 0,0130 0,0502 0.0035 0.0300 0.0833 0.0042 0. 1745 5.0412 0. 1689 4.2568
24| 0,3825 0.3912 0.0950 0.2282 0.2863 0.0310 1.8278 0.1882 2.0849 0.2947
25| 0.0906 0.0478 0.0232 0.2448 0.2216 0.0328 0. 3466 1.ol13 0. 5032 0.9355
26 | 0.0085 0.0120 0.0025 0.0140 0.0097 0.0019 0.8875 2.2640 0.6348 3. 0437
27 =y o s = - =% 156. 68 3.3185 106,07 4. 1548
28 | -0.0872 |-0.0622 |-0.0212 |(-0.1598 |-0.1336 |-0.0188 0. BET8 4.1150 0.3214 5.0791
9 e =< = = = £ 1% 44493 2.38%4 5.2140
30 | -0.0188 0.0816 ([ -0.0050 §-0.0186 0.1098 | -0.0024 1. 7988 1.3332 1.5800 1.3568
31 |-0.120% |-0.0852 |-0.0287 |-0.3149 |-0.2769 |-0.0350 17. 188 L2411 14, 113 1.5894
3 =y 3 == b > RET 4. 2845 14, 888 3, 9885 14. 636
33 | -0.0180 |-0.0033 | -0.0046 | -0.0274 |-0.0062 |-0.0036 11,944 La47s 9.3100 2.0889
3 =t 2= ary LT == =53 1. 6.00m7 1.8880 6.5949
315 | 0.0000 0. 0025 0.0000 | -0.0008 0.0032 | -0.0001 0.0894 17,833 0.0165 15,213

Note: Column (a) lists the converters for the net export in the original table compiled for the extended
Reglon, Column (b) corrcsponds to the partial conversions vhere only the net increasc in stocks and
the nel exporl arc recalculated by the procedures described in 3.4.2. Column (c) corresponds to the
results of full conversions as described in 3.4.3.

general, are of the similar order, those in case (c) tend to show smaller
values. Although this does not necessarily mean that either exports or
imports are under-estimated in that case, a significant portion of the
imbalances are transferred to the net demand sectors as the consequence of
modifications. This could be explained as follows. While the procedures
in 3.4.3 for the net demand sectors are designed to revise coefficients so
as to reproduce the economic configurations of the target area, those in
3.4.2 for the net export are based on a simple gravity model, which may be
far from reality. Thus when both procedures are linked, the magnitude of

transactions would shift to the sectors governed by the former, which would

be more realistic.
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Table 3.6 also lists Lhe results of the RAS conversion in ecase (c¢).

6)

According to SLcneI , Lhe coefficients premultiplied vy and postmultiplied

Sj represent Lhe substitulion and fabrication effects, rcapuctixciy.éﬂ The
sectors with low intensity in terms of intermediate demands tend to be
compensated by high intensity in terms of intermediate inputs. Sectors (02,
04, 05, 11, 19, 22, 23, 28 and 35 belong to this category. They are eilher
industries which are not characteristic to the urbanized areas, such as
mining and light industries, or utilities which must be operated despite
the high costs associated with suech areas. On the other hand, among Lhe
generally low values of the substitution multipliers, products of sectors
09, 12, 24, 31, and 33 are heavily demanded in the Region. Those sectors
are either necessary Lo support businesses or people who are engaged in
them. Incidentally, the fact that the magnitudes of multipliers associated
with the public works are unstable depending on the levels would be resull-
ed from relatively small input coefficients along their rows, and the
difference between substitution multipliers for the government services in
1975 and 80 reflect the definitional changes in their produclion.
Figure 3.5 summarizes the productions obtained as Lhe resulls of

input-output calculations,

XP= (1-A)" (CH"+IT+EMT) (3.16)
based on the itemized final demands in the Region, corresponding to the
three cases along with the observed ones. As we pointed out its possibili-
Lty earlier, Lhe negative production is resulted in 1975 for Sector 02

(Mining) when using the original ‘coefficients. In 1880, no negative

18. The sectors with ri=l reflect the fact that the intermediate demands Lo

their outputs are zero, and those with Sj=1 that the intermediate inputs
demanded by them are zero, by definition. e is said to represent the

degree of intensity to the i-th output in terms of intermediate demands,
while sj is that of the value added in the j-th sector, in the target area.

However, as the value added ratios are fixed in our method, the latter must
be understood as to represent the intensity in terms of intermediate inputs
by the j-th sector, as compared to the other sectors.
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Figure 3.5, The calculated values of sectorial productions
for 1975 and 1980.

results are obtained, but the predictions in cases (a) and (b) are associ-
ated with large errors especially in Sectors 01 and 09, besides 02 whose
predicted value reaches 10 times as large as the observed. We can also
observe that our modification method in case (c¢) works selectively in
improving the predictions of those sectors with large errors.

Finally to see the general performances of respective cases, we calcu-
late the root mean squared errors (RMSE) and the mean absolute percentage
errors (MAPE) defined by the following formulas.

RMSE = [ 3, (X-XD)%/35 and MAPE = (100/35)3 1X{-XFI/XT.
From Table 3.7, we can observe that case (c¢) exhibits major improvements
over case (a) in both years. However, case (b) turns out in mixed results,

i.e., although the modification of converters for J and FM alone is fairly

Table 3.7. The error statistics for the calculated values
of productions (RMSE are in million yen).

1975 1980
RMSE |IMAPEIRMSE |MAPE
CASE (a) 446774 12.01% 1172504 | 44.56%
CASE (b) 398841 9. 20 1098430 | 45.24
CASE (¢) 328975 4.35 644020 §. 59
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effective in 1975, essentially it brings about no improvement in 1980. The
reason for this would be explained by the fact that the total imbalance in
the 7 prefectural region has decreased from 1668 billion yen in 1975 to a
quarter level, 430 billion in 1980. Consequently, the modification to the

net export constitutes only small fractions of productions in 1980.

3.5. Model Parameters and Spatial Levels
3.5.1. Relevance of transferring parameters
The operational model to be formulated in the following chapters

includes many parameters, which must be estimated from the observed data.
Each model formula corresponds to some spatial level, but many of them are
expected to predict the common variable at different spatial levels. For
example, the regional frame and the activity models have equations Lo
predict the regional household consumption expenditures C2 and their spa-
tial distributions, c2P for prefecture p and c2° for zone c, respectively.
In such a case, it would be inconsistent to use entirely different formulas
against the different spatial levels. As our study period, for which the
data are collected, contains six consecutive years, normally we would have
only five observations at the regional level, if the eguation contains a
first-order lagged variable. Hence, it would be necessary to use the
pooling data concerning prefectures over the years to maintain a sufficient
degree of freedom, even when estimating parameters for the formula to
predict the regional variables. On the other hand, as data in C-level
zonmes are not immunized from compilation errors, it would be practical to
estimate most of the parameters at the prefectural level, irrespective of
the spatial level of the variables to be predicted. In this connection, it
is meaningful to examine the possibility of transferring parameters to the

.
formulas for a different level.17)
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3.5.2. Linear expressions

The problem associated with such transfers essenlially related to the
treatment of intercepts as far as the model formulas are linear. However,
such a problem can easily ‘be resolved as the following illustration
indicates. We here discuss the case when we apply the parameters estimated
at the prefectural level to the formula for the regional level.

Suppose the regional formula is given by

= - b X, 347

Y e IJaJX] ( )
and the parameters are estimated from its prefectural counterpart,

L R, 3.18

Y Bo IJBJXJ ( )

Then if we denote the estimators by hats, from the unbiasedness of eq.

(3.18), we have

P 3 2 p ¢
EpY ﬁon + zjﬁjszj, (:3:189)

110 However, this gives nothing but

?= Xj from the aggregative

That is, the parameters at the regional level are the same as

where n is the number of prefectures.
an estimation of eq.(3.17) as zpvp= Y and X
relations.
the prefectural ones except for the intercept, which must be multiplied by
the number of prefectures, viz. ;0 = 'g“ and ;j = Ej' On the contrary,
when applying the prefectural parameters to C-level 2zones, the intercept
must be divided by the number of zones belonging to each prefecture.
However, as we discuss later in Sections 4.2 and 5.4, we might utilize

"

the "standard values" to avoid the problems associated with the intercepts.
Suppose the standard value for each variable at the regional level is given
to the model, possibly from a macro-econometric model, and the supersecript
o denotes such variables. Then by taking the Taylor expansion around those

standard values, eq.(3.17) becomes as follows.

t10. This expression refers to the single year computationé. When data are
pooled over several years, there is no guarantee that eq.(3.19) is
satisfied every year unless the dummy variables to represent the years are
introduced, However, when there are no particular chronological trends
regarding such dummy variables, the condition will be satisfied asymptoti-
cally.
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o Ll 00
Y=Y+ I a.(X =X S i
In case applying to C-level zones, we might employ the prefectural values,
divided by the number of zones in the prefecture, as the standard values.
Another way to avoid the problem is to “"standardize" the equation by

the effect of zone sizes. For example, the midterm macro-econo-

8)

removing
metric model of Japanl explains Lhe household consumption expenditures C2
by means of a simple Keynesian model where the present disposable income
and the consumption in the previous period, as an inertial term, are used.
In our notation, this can be written as

c2 = 1g * 4y

where the value added VA replaces the personal income.“1

€2_; + a, VA, (3.20)

1

Transforming
this equation to the per capita basis,

Ce/N = o + §,(C2_,/N) + §,(VA/N), (3.21)

we could have an expression whose intercept 50 is independent of scale

diversifications. In this case, the parameters 51 could be estimated on

[t

the per capita basis at the prefectural level. The actual prediction of

€2, on the other hand, is obtained by multiplying N to eq.(3.21) using

thesie parameters, viz. from

Cz = BUN + ﬁlCZ_I + ﬂZVA.

In applying parameters to the different spatial level, we must face

(3:20)"

another type of problems concerning the completeness of variables in terms
of spatial units. That is, when we consider the small zones, the phenomena
of Lransfers or spillovers beyond the zones could not be overlooked. We

shall return to this problem later in Section 4.2.

3.5.3. Log-linear expressions
We have seen that the parameters for the linear expressions are trans-

ferable to a different spatial level. However, when the expression is

li{i It is consistent with the input-output framework to assume that a
ertain portion of the value added is allocated to the personal income.
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nonlinear, such transferability could not be expected in general. Never-
theless, for the log-linear expressions, we can establish the property as
far as the model is distributive.
Suppose the prefectural production is given by a log-linear formula;
InXP =g, + 8. 1n kP + §,1n EP, (3.22)
0 1 2
and a prefecture p contains n zones, one of which is characterized by the

combination of (XC.KC.EC}. Then the Taylor expansion of In x© around irxp/n

- zcipxC/n and alike, up to the quadratic term, will be as follows.

s x°=50+(xc-i)/i—{x°-i)2/zi2-(1-31-52)1n A

+,[1n Kc-(KC-ﬁ)/R+(K°-R}2/2221+52[1n EC- (EC-F) /B+ (E°-E) %/28%] (3.23)

If In XP follows the normal distribution N(u,oz), %P follows a log-normal

w+a2/2 : 4 o a9

distribution with the mean and variance of (ix=e gzezu(ezc —eg ¥s

Accordingly, if each X is independently and identically distributed, its
mean and variance will be (1x/"-3§/ﬂ)- and the ones for X will be given by
(lx/n.ti/nz). Likewise we assume the means and variances for K and E at
the prefectural level are given respectively by (lK,{E) and flE.LEJ.

By taking expectations over the moment terms in eq.(3.23), and regard-
ing 50' 51 and 52 as the set of true parameters for eq.(3.22), the estimate
for In X® will be given by the following expression.

In X° = B,-(1-8,-8,)1n n-(n-1)¢ /212
¢ 8,00 Kor(n-1)t2/218)+ 9, (1n B+ (n-1)t2/21%) (3.24)

The adjustment terms in eqg.(3.24) are to correct the associaled aggre-
gation blases when applying parameters estimated for the different regional
level. However, even if the adjustment terms are incorporated, the esti-
mated values icz exp(lnnxc) do not necessarily satisfy Lhe aggregative
consistency; Ecepic= Xp. It is a common practice to employ the distributive
formula where the estimates for the lower level are used only to determine

the proportions, viz. 3 =(XC/£cEpX°)Xp. As the adjustment terms become 2

simple multiplicative when an exponent is taken, they are canceled out in
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such cases. Thus it is possible to use the expression = eﬂn{Kc)ﬁi(Ec) 2
with the parameters estimated for the prefectural level to determine the

proportions by which the prefectural production is to be distributed,
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CHAPTER 4

THE ACTIVITY MODEL

In this chapter, we formulate the model block to analyze the spatial allo-

cations of flow variables concerning the metropolitan activities. The

mainstream of the analysis is based on the three level input-output (3LIO)

model, which must be accompanied by the supplementary distribution models
for productions and consumption items. The trades are analyzed in the form
of demand-supply imbalances, which are determined from the balance equa-
tions. As some consumplion items depend on the concurrent produclions, Lhe

; 3 ; 1
procedures to determine them simultaneously are also discussed.

4.1, The Three-Level Input-Output Model

The main framework of the activity model is provided by the 3LIO
model, which is essentially a three stage rendition of the BIO nmdelg)
corresponding to the hierarchical classification of activities defined in

t1

Section 3.1. While the input-output analysis can easily be incorporated
into a macro-econometric model, its applications are mostly limited either
to the national level or to the regions comparable Lo our study area with a

3)

few exceptions. Some metropolitan models also utilize the input-output
scheme within the model, but mainly to determine the regional macro
values.d) In this connection, the activity model to be described here is
unique in the sense that it applies the scheme to the zonal level composing
the Region by virtue of the B10 framework.

Although the 3LIO model constitutes a major portion of the activity

model, it is convenient to consider that the R-level computations of the

f1. As Leontief's original model considers three stages, viz. the nation,
the regions, and the subregions, the framework with three stages is nothing
new. However, the most important difference with our model is in the way
by which we treat intra-regional trades. In particular, while his model
essentially does not predict the spatial allocations of consumptions for
the goods classified to the highest level, we consider the allocations for
all the commodities at a time.
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3L10 model are executed as a part of the regional frame model to be
discussed in the next chapter. From the viewpoint of the simulation proce-
dures, the results from the R-level computations would provide the control
totals to the computations for the two lower levels in the 3LI0O model,
which constitute a part of the activity model. As these computations
assume the spatial allocations of stock variables Lo be predetermined, the
execution of the location model must precede the activity model.

To operate an input-output analys;s, the final demand data are indis-
pensable. In our case, they are available by prefectures from Annual
Report on Prefectural Accounts, but only in the form of the itemized
expenditures, shown in Table 3.4. Hence, it is necessary to convert them
into the commodity based ones using the final demand converters, Cij' which
are commonly used in the national macro-econometric models.s) However,
such conversion is only possible for the first eight items, collectively
called the net final demand items, as Lhe commodity composition of the
balancing items are not stable aecross the localities nor with time.
Accordingly, when we denote the vectors of the net final demand items and
the commodity based final demands by W and ¥ respectively, we can write

Y = cw = C[C1 C2 €3 €4 IR IF IGR 1G], (4.1)
where C is a (35 x 8) matrix of converters corresponding to the net final
demand items.

The model framework is similar to the one developed by a research

group including the author.s) where the following assumptions are employved
in addition te the regular input-output assumptions.
Assumption 4.1. The same input and final demand structures apply through-
out the study area. That is, the input coefficient and final demand
converter matrices, ﬁ=[nij] and C:Icij]' are invariant across the locali-
ties within the Region.

In the above, the word "localities" refers to zones irrespective of

the spatial level. The following assumption recapitulates the discussion
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in Section 3.1 on the definition of levels.

Assumption 4.2. Hierarchy of activities is defined in three levels.
Accordingly, there will be no inter-prefectural trades for P-level goods,
and no 1nter-zo&a1 trades for C-level goods.

In other words, while there is no restriction on trades of R-
commodities, P-level goods are allowed to trade within the P-level zone
they are produced. And zonal autarky is assumed for C-level goods. It
must be noted that the actual observation includes some amount of exports
and imports, F and M, inherited from outside the Region.12 despite the lact
that the BIO assumption precludes the trading of local commodities. Thus
it is necessary to distribute the extra-regional trades over lower level
zones Lo maintain the consistency of the input-output ecaleulations. In our
model, the trades are considered in a combined form, viz. FM = F-M called
the net export.

Assumption 4.3. The net exports of local commodities with outside the
Region are to be distributed over localities in proportion to local
productions.

Let subsecripts R, P, C and L denote the partition of vectors corre-
sponding to R-level, P-level, C-level goods and non R-level (local) goods,
respectively. We further assume that superscripts p and c represent the
variables in prefecture p and zone ¢, respectively.13 Then denoting the
(regional) production vector by X, the above assumption implies the
following.
and BMC = (diag XO) (diag X)T'PE (4.2)

C

A similar argument is also assumed for the net increase in stocks.

PP = (diag XP)(diag xL)"'FMI

Assumption 4.4. The net increase in stocks J is distributed over zones in

Al

t2. The words exports and imports refer to those to and from outside the
Region and thus including domestic trades between the other parts of the
nation as well as the overseas ones.

t3. We allernately use superseript d to indicate variables in zone d of the
unspecified level. The variables without superseript are generally used to
indicate regional values.
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proportion to productions, i.e.,
= (diag x%)(diag X)7NJ (4.3)
The balance equation for the Regian is then given as follows.

Xol 2k *re *rc| [%r| |YrIR*™R
p|=|Apr App Apc||Xp|*t|YptIptMp

Xol [Acg Acp Agel 1¥el [YetIo Mg

When the regional final demand vectors, ?, J and FM, which are to be deter-

X (4.4)

mined in the regional frame model, are given, the regional production
vector X can be calculated from the above equation.

In our model, the commodity compositions of final demands are
calculated after distributing the itemized ones over the localities. This
implies that the loeal final demands for all sectors are calculated at a
time while the BIO model only requires local distribution of final demands
for local goods. Accordingly, our framework must be supplied with the
distribution models for the final demand items as well as for a part of the
productions as prescribed by the original balanced model. Details of those

distribution models will be discussed in Sections 4.2 and 4.3.

The balance equation for the P-level computation becomes

P ) LI P

Xp|  |%pp Apc||¥ PRKR+Y +IptiMy

Pl v P, P p p (3]
cl  IAcp Aol 1¥cl 1Acp¥p*YetdctMg] -

As the prefectural distribution of J and FM for local goods are to be
calculated simultaneously under Assumptions 4.3 and 4.4, the prefectural
production of local goods can be obtained if Xp ?p and Yg are given.
However, the over-determination in our distribution model that the prefec-
tural final demands for R-goods ?ﬁ are simultaneously specified helps us
determine the prefectural net exports of R-goods as demand-supply imbal-
ances within that prefecture.

ME = (1

s$_.p
R = (Ig-App)Xp-Ap Xp-ap X0-0 ~Jx (4.8)

The C-level computation in zone ¢ is based on the balance equation,

C

Xe = Accte +(AcXRtAcpXprTGHIHmg). (4.7)
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Similarly as in the P-level computation, the zonal production of C-level
e e sc ol ] } Y

goods can be calculated from AR’ hp and \C’ which are given by the distri-

bution models. Accordingly, the zonal net exports of R and P-goods can be

obtained as zonal imbalances.

1\-C =

FMp = (Tg=App)Xp-AppXp-Ap Xo-¥o-0p fo )
e :
PMp =~AppXp#(1-App)XE-A, Xo-Vo-00

The basic procedures in the 3LI0O model are summarized in Figure 4.1.

4.2. Distribution Models for Final Demand Items
The activity model, which is in charge of analyzing the flow aspecis

of the metropolitan activities, is designed to constitute a part of a
general metropolitan simulation model. Thus we can expect that the spatial
allocations of stock variables would be provided from a separate location
model. In other words, the activity model is supplied with the allocations
of the investment items, IR, IF, IGR and IG, by the location model, where
they are determined in accordance with the zonal allocations of employment,

population, housing, as well as the flow variables in the past. We leave

e _____:____%E ?E __._5.: —=
| : | FMe FMc|lJr [Jp Je _i_|

5 TR 79 T h“]

— ) R-leve]l computation

T ES R

et

— — g F-level computation

l > sizultancous relations
I —2 inpul-oulput relalions

C-level m.p"uuun :_'%dinlrihulion flovs

* Jagged data flovs

# required when determining eapital formation lems endogenously.

Figure 4.1. The three level input-output procedures.
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the actual formulations for these items to the auxiliary location submodel
to be discussed in Section 6.4. Thus in this section;, it suffices to
formulate distribution models for consumption items, Cl through Cd.

From the discussion in Section 3.5, we basically describe tLhe house-
hold consumption expenditures by eq.(3.21).hI

C2/N = By * a21(C2_1/N) 7 aZZ(VA/N) (3.21)

However, when we estimate the parameters from the pooling data concerning
the seven prefectures over tLhe five~;ear period, eq.(3.21) violates the
sign condition even though it may be valid at the regional level. This
could be explained by the fact that the smaller the spatial unit becomes,
the less likely the economie transactions complete within that unit. One
reason that we could not disregard such spillovers is attributable to the
conceptual discrepancy between accounting of consumption and value added
that the former is obtained as transactions by the residents while the
latter is accounted at the places of production. And this discrepancy
requires us to explicitly consider the income transfers among prefectures,
associated with commuting.

Such a transfer might be approximated by the term VA{Np/N—Ep/E), where
N® and EP represent the population and the number of employees in prefec-
ture p, respectively, and the variables without superscripts represent the
regional wvalues. This corresponds to the fact that the income is
supposedly proportional to population while the production is to employees.
Thus the term is to approximate the transfer from the production site to
the residential one. Consequently, we can rewrite eq.(3.21) Lo incorporate

transfers at the prefectural level.

c2P a2k, vAP+va (NP/8-EP/E)
—_— = gLt +a (4.9)
WP 20" =21 NP 22 NP

The model parameters are estimated using this expression. Note that eq.

t4., Here the parameters are changed to Q95 to comply with the notational
rules in this chapter.
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(4.9) is consistent w.r.t. to the regional aggregation, and eq.(3.21) is
still valid at the regional level. That is, when eq.(4.9) is multiplied by
N and summed over prefectures, we have

o e B p p p Pinr- P
G2= IpCZ B azosz + 1 2pC2_1+ azzip(VA +VA(N"/N-E*/E))

21
= g,.N + a21C2_l+ n22VA. (4.10)

20
The RHS of this expression is equivalent to eq.(3.20)', which is obtained
by multiplying the regional population to eq.(3.21).
For the actual applications, the prefectural values are calculated by
taking the Taylor expansion of the first-order around the regional values,
ca/n. 1®

c2 vAP+vA(NP/N-EP/E) VA

1 -1 p
I - —)IN (4.11a)
NP N 22 NP N

c2 c2?
C2P = [— #
N

This is equivalent to considering that the regional per capita consumption
is sufficiently close to those for the prefectures belonging to the Region.
Then eq.(4.11a) is expected to give more stable resullts Lhan using
eq.(4.9), which calculates the entire amount of prefectural consumpLion c2P
directly. Incidentally, as the regional values can be regarded as the
"standard values" discussed in Section 3.5, we can avoid the problem asso-
ciated with the constant term "20 with this expression. Elimination of the
term which might reflect the zonal scales, at the same Lime, makes it
possible to apply the similar formula to the C-level distributions, but the
prefectural values are regarded as the first approximations in this case.

L o e L VAS+vAP(NC/NP-g%/EP) VAP

Tl e g o S IR T = Y INT (G4, 115)

Next we consider the consumplion expenditures outside households Cl,
which correspond to welfare, social expenses and lodging allowances paid by

firms. Since it is reasonable to assume such expenses are proportional to

i5. The first-order Taylor expansion might not be unique depending on
whether to regard each term as a whole as an independent variable or to
take partial derivatives for the individual variables constituting it. We
employ the former view in formulating the distribution models.
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the number of employees, we use the following in place of eq.(4.9).

P Pl el
ot b 618y VAP+VA(EY o /B | o-EV/E)

+
11 gP 12 3P

3 (4.12)

— =0, t 0
EP 10

where E18 represents the number of employees in the clerical business,
which lists the managerial sections of R-level firms (Sectors 1 through 14)
separately from their mother induatries.‘s Here the transfer term
VA(E?B/E18~ED/E) reflects the fact that many of such expenses are incurred
where their main offices are located, rather than at the sites of

production.

-~

While the parameters are estimated for eq.(4.12), the predictions of

local values are based on its first-order Taylor expansions.

P p P P
1 c1 c1 vAP+VA(EP /E, .~EP/E) VA
o e S 18’718 - —)]EP (4.13a)
C1¥= [— # all( 2 )+ “12( » %
E B E 2 >
c1P c1®. 1P vAC+vAP(EC. /EP -ES/EP) VAP
e -1 =1 1818 c !
= + _— - +oa.,( - —)1E” (4.13b)
cL= [ 2, ( )+t o 5
gP E® P E E

Regarding the government consumptions, C3 and C4, the funds are
allocated, for the most part, in accordance with the previous records.
Thus we employ the inertial terms and the changes in numbers of employees
in related sectors to represent organizational changes. We here regard the
community and government services of the relevant level as such sectors.
For the national expenditures we employ AEPR = A(E16+E17), while the local
ones are represented by ﬁEPL B A(E28+E29+E33+E34), where A denotes the
changes from the previous period, viz. !.\EPR = EPR"EPR(*I}’ for example.

Considering the fact that the government spending is basically proporticnal

t6. The reason why we deal with the managerial segment of the industries
separately is that the way they choose their locations are different from
that of their mother industries. For instance, while manufacturing
factories tend to prefer wider space and access to freight transportation,
their main offices tend to choose center city locations.

The clerical business is considered only for R-level activities. This
is due to the fact that the local activities are to be operated by smaller
firms, and thus, it is relatively difficult to make distinction between
managerial and non-managerial workers.
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to population, we have the following expressions for estimating parameters.

CSP C3? hEPg

W a0 1 AP * Y48 P (4-14a)
C4p C_._I{)l L"LI':PE |
B e T bt (4.14b)

As the government services are defined as self-consuming activities, possi-

bilities of transfers are excluded at least in monetary terms. And the
subsidies on the community services constitute a major portion of the
government consumption. Accordingly, it appears unnecessary Lo consider

transfer terms for these expenditures.

As is the case for the private consumptions, we employ the first-order
Taylor expansions of the above equations for the local predictions. The
prefectural distributions, for example, will be made in accordance with the

following expressions.

c3 c3® 3 AEPY  AEP
2 o -1 =] R A o =
€ = [— + 4y (— - — ) + a(—" - —)IN (4.15a)
N NP N NP N
c4 ca’ ¢4 AEPPY  AEP
P =i =1 L, B T i g
4" = | + 041( i —) 4 ﬁqu-—g' = ——)]N (4.15b)
N N N N N

Likewise the C-level distributions fellow the expansions around the
prefectural values.
The results of parameter estimations based on egs.(4.9), (4,12),

(4. J4a) and) (4, 145) sre’ summariged dn Pabls 4.1,

Although the t-values
for constants 10 tend to be low, they will not affect the predicted values
since the expanded forms are employed in the actual simulations, Moreover,

by the virtue of hierarchical consistency that our formulations maintain,

these parameters could commonly be used in some of the eguations in the

7. The variables expressed in monetary terms are in million yen, which
are evaluated at the 1975 prices. For those compiled from income statis-
tics, deflated values are readily available, while production related data
are deflated using commodity-based inflators obtained through the method
suggested in Section 3.3. The units of population and employments are
number of persons.
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Table 4.1, Parameters of distribution models for consumption items.
i @40 @y iz R?
C1 | 0.0673 0.4890 . 00356 0. 4400

(3. 35) (3.23) (2.20) dr=32

CZ| 2| 0.0370 0.9336 0.0398 0.9752
(1.70) | (20.81) (1.98) df=32

€3 | 3|-.00131 | 1.0461 [ 4.2218 | 0.9929
(L.77) | (67.93) (3.65) df=32

C4| 4| .00231 0.9939 2.4786 0. 98865
(0.90) | (48.31) (2.28) df=32

Kote: The column of B2 gives the determination coefficients
adjusted to the degrees of freedom, and the values within
the parentheses show the absolute t-values.

regional frame model, which will be discussed in Section 5.1,

Given the spatial allocation of the investment items, the local net
final demand vectors, wP and wc, have now been determined. And with the
converter matrix C, we can transform these itemized net final demands into
the commodity based ones.

¥ = oW’ and ¥° = o (4.16)

4.3. Distribution Models for Productions

As noted in Section 4.1, the 3LIO model requires a part of the
commodity productions to be distributed over the localities separately from
the mainstream of the input-output analysis. In the case of the net final
demands, local distributions for all the commodities are determined at a
time by eq.(4.186). On the contrary, the production distributions to a
local level are required only for the commodities to be traded beyond that
level as suggested by the BIO model. That is, i) R-level goods are to be
distributed from the Region to C-level zones, ii) P-level goods are to be
distributed from the prefectures to zones, and iii) no distributions are
required for C-level goods.

The productions are distributed in proportion to the production capa-
bilities of the localities. Such capabilities may be described as values

of an aggregate production function of the sector. The following three
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types of functions are considered at the prefectural level.

(a) X°=a, (KD)F5 (Y"1, (B) XP=a, (E®)'1, and

A e VAP /en®,

(e) xi=ai(Ei) i(vxj;7§ﬁ:;) L. (4.17)
The first one is a typical Cobb-Douglas type function, which combines
production assets Ki and number of employees El assigned Lo the sector.
Since the sectorial data of the former are only available for the manufae-
turing sectors, 03 through 10, labor is considered to be a sole source of
production in the remaining sectors.is The third expression incorporates
certain external economies reflecting the average labor productivity per
non-agricultural, non-mining employees, EUp, in the loc::aa.li't.y.tg In ter-
tiary sectors, in particular, the sales per employee would accelerate with
agglomeration of productions. The high productivity is also necessitated
to pay off the higher rents.

Due to data limitations, the parameters are estimated log-linearly
from the pooling data at the prefectural level. The hats attached to the
LHS of eq.(4.17) identify that those values serve only as approximations to
the prefectural productions, in the sense that the aggregative consistency,
Epi? = Xi. is not guaranteed by themselves. Hence it appears to be appro-
priate to use the distributive formulas where the regional amounts are

distributed in proportion to the values obtained from eq.(4.17). From the

-~

8. The land is seemingly an indispensable input in agricultural sector.
In an urbanized area like our study area, crops are chosen to produce the
highest revenue from the limited land. Consequently, as far as productions
are evaluated in monetary terms, land area is found not so effective to the
production as might be expected. And as it is difficult to obtain depend-
able data on land areas for non-agricultural sectors, we do nol consider
land inputs explicitly in our production functions.

t9. In Sakai and ﬁndo,?) the agglomeration effects are considered in the
form of an exponential term, i.e., the type (c) function has been given by
XE = ni{E?)'i exp[ﬁi{(VA?l/EUgl)—(VA_I/EU_I}}]- instead. However, the sen-

sitivity of the exponential function sometimes leads to infinitesimal
results. Consequently, a power function is adopted for the actual
simulations.
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discussion. in Seetion 3.5, it is possible to apply the parameters to the C-
level zones even though they are estimated at the prefectural level,
provided that the model is log-linear and distributive.

However, since many of Lhe sectors related to capital formations, like
construction sectors, are defined so as to produce non-tradable goods, to
distribute the entire amount of productions would violate those defini-
Lions. Therefore, we here consider the inputs to be used to form capitals
as captive to the locations where those formations are made. That is,

defining the i-th good input to capital formations in prefecture p by

-

P P :2) p P
Ii = ciSIR + ciBIF # ciTIGR + CiSIG -
the production is calculated by the following formula.
P . 1P, (xP/r wPy(x. - 1 [P
X3 = I+ (nlxszi)(xi ZpIi) (4.18a)
Deducting the input related to the capital formations, X? - ZcEpI? serves

as the control total for the prefecture to which ¢ belongs. Then the zonal
production can be calculated by

Jos o e LA AR c
hi = Ii + (Xi/ZcEphi)(Xi EcEpIi)' (4.18b)

? denotes the zonal estimate from eq.(4.17).

where ﬁ
Table 4.2 summarizes the parameters of the production functions with
the functional types selected being indicated for respective sectors. For
sectors classified as to produce R-goods, those parameters would commonly
be applied to both eqs.(4.18a) and (4.18b), while the latter equation only
needs to be calculated for the P-level sectors.rlo
The production functions of type (c¢) are employed only when both T4
and ﬁi demonstrate correct signs and are statistically significant at the 5
% level, with the only exception of sector 02 (Mining) whose last term to

represent external effects is merely significant at the 13 % level. Inci-

dentally, those sectors with 61 < 1 might be regarded as activities that

t10. As the employees engaged in public works cannot be divided into the
governmental levels which carry out the projects, productions of all three
levels of public works, sectors 15, 27 and 32, are summed up to calculate
the parameters of the corresponding production funection.
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Table 4.2. The parameters of production functions.

sect | TVRE | @ 84 74 54 Rz Jseor |[EVE| e By 2 54 R?
1094. § 0.4151 0. 4276 1. 1282 10481 0. §385
ROI| ® |(je.41) (1.3 (er=10) (R '8 P | (g (20, 61) (dt=10)
1. 201 12521 2.0096 0.2912 1.5761 1L.OT14 0. 7553
Ro2| ¢ | @lan Gy | s | en [PV R | Gio (11, 29) (40}
1979 | 0.8587 | 0.%883 0, 3200 PRTET 1.0019 0.5914
ROV a | 6340y | (nse) | (i26) sy [RIE|b | Gl (52, 58) ()
0, 2693 1. 0859 0. 2551 0. 5384 I 1. 1208 2. 0255 0,9543
ROC| o | Gl |aosn | (i) (9 [P1] e | sy G | sy | G
68678 0. 4278 0. 5660 0. 9458 167. 31 0. 7402 3. 2687 O, 8678
ROV o | ¢ige) | (.21 | (1280 tag) [P 2] € | t3.08) (11,280 | (h.30) | (3n)
1485 | 0.6445 | 09,8328 0,8945 0. 9987 1. 1825 0. 9846
ROE| o 2.32) | no.g2) | (8.43) pay PP ) Eoon (51, 24) (o)
3.6729 | 0.8738 | 0,433 0. 9626 0. 5807 I, 1839 0.368¢
ROT| & | {3'2) 0508 | (s2) e il Al M ) (36.07) (40)
4. 3768 0. 4457 0. 6226 0. 916 0. 7025 1.205% 0.9713
Rot| a | t'sp) |ti2o00) | Cioas) 6o P20 | Gan {37, 20) (o)
203 a 2. 1883 0. 7688 0. 5408 0. 5851 P2t c 39, BEE 0. 9184 0. 5161 0. 9837
(2.5%) | (1170 (5. 23) (18) (14.53) {40. 04) (2. 2%) (32)
£ 10 » 0. 3170 0. 536] 0. 7592 0. 5637 P s b 2.7858 1. 0660 0.5538
(.40 | (5.68) | (16.50) (33) (.80 (15.39) (40)
36, 331 1.0881 | L1464 | 0.85479 1,3638 10118 0.5911
B[ © | {4 e0) (16.90) | (Las) | ) QP | B | Gled (67.41) (40)
1.2038 11522 | 2.8819 | 0,84%9 1, 8228 1.0910 0, 5856
RI2[ ¢ | () 28) tren | (s | e [PB] b | @) (52.94) (1)
11851 11673 0, 9923 81,865 0,7504 | 0.753¢ | 0.9778
R b |Gl (12.30) oy |P 2| ¢ [(d880 o) | (Lo | un
PP I T WETH o.9412 |R 15| . | 0.3016 12783 | L.4724 | 0.9308
2.52) (58. 18) {40) {6 4} (1. 41) (16.47) (3.31) {32)

Sote: Although the parameters are caleulated fros log-linear regressions, @ .'s shown here are iransformed to the ones in eq.
(4.17). viz. the exponents of the regressed Intercepis. The i-values shown vithin pareniheses are Lhose direcily
oblalned from log-linear regressions, Degrees of freedom are: 315 for type (a), 40 for type (b) and 32 for type (c)
regressions.

possess a public service outlook that they ought to allocate employees even
to zones where only low productivity could be expected. Meanwhile, the
fact that some of the t-values corresponding to the multiplicative ternms ¢
are statistically insignificant is less important since such terms are to

be canceled out when incorporated in the distributive formulas.

4.4. Simultaneous Determination of Productions and Consumption I[tems

As eqs.(4.9) and (4.12) indicate, the private consumption items, Cl
and C2, depend on the value added for the present period, which is defined
as a part of the concurrent productions. This implies that the productions
and those items ought to be determined simultaneously as illustrated in
Figure 4.1. And this can be done essentially by partitioning the itemized
net final demand vector W into two parts; the one which indirectly depends
on the production vector X, and W which does not.

Since the R-level computations are considered to be a part of the

regional frame model, we here focus on the local ones leaving those for the




R-level to the next chapter. For the P-level computations, we have the

following partition of WP for prefecture p based on the dependency on xP,

wP= (1P c2P c3P... 16®)T = BxPs WP

g) T p p T
= (ulz 2oy [ TSRO 1) (ao’l AN 30.35)(X1 e Xaﬁ}
P P _ P P _opP
+ [CIL(E /E)+u1_l(CI_1 Cl_1{E /E))+ﬂ12VA(E18/EIB 2EF/E).,
C2(NP/N) ey, (C2P~C2_ (NP/N)) -0, VAGEP/E), €3, ..., 16°17, (4.19)
where aDi is the input coefficient for value added in sector j, which is

assumed to be invariant over the Region by Assumption 4.1. Then the local

.

level balance equation (4.5) can be rewritten with partitions of vectors
and matrices corresponding to non R-level goods denoted by L.

4o P i p P mB) o B gty
X = ApXy +[ALRXR+CL(BRXR+BLXL)+CLW +£L3L]. (4.5)

where ZL is a diagonal matrix given by

ZL = diag{(Ji+FMi}/Xi|iEL]. (4.20a)

which is in conformity with Assumptions 4.3 and 4.4.

p
R

would have been determined prior to this stage through the production

It must be noted that the prefectural productions of R-level goods X

distribution models stated above. Accordingly, all of the prefectural
productions would be determined when those for local goods are obtained,

XD = [1,=(A; #C B +2,) 17 (A €, Bo)XRac, WP (4.21a)
And this enables us to calculate the value added, VAp= EJaDJXE. and thus,
the consumption items for the prefecture.

Only the productions for C-level goods are to be calculated from the
C-level balance eguation as those for both R and P-level goods are subject
to prior distribution. Similarly as in the above case, we dichotomize the
itemized net final demand vector W° for zone c.

W& = axCs ﬁc'
where the second term of the RHS is independent of the zonal productions,
and given by
ﬁc={Clp{EC/Ep)+n]l(lel—CIEI(Ec/Ep))+312VAp(ET8/
c2P(N/NP) e, (€25 20 (N°/NP))-0, VAP(ES/EP), €3°,..., 16°1T. (4.22)

P _opC /pP
Els 2E°/E%);
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Defining the diagonal matrix Zg for prefecture p to which zone ¢ belongs by

zg = diag{(J?+FM?)/X?IiEC}, (4.20b)

the zonal balance equation (4.7) can be rewritten as follows.
L« TR . 4 C C c C { o] o PyC ]
Xo = AacXe HlAGRXp*AcpXp*Co(BpXptBpXptB X o) +CNT+Z X ] (4.7)

Rearranging this expression, we obtain the zonal production vector for C-

level goods.

Bir = Pyq~1 c Com R0
XC—[Ic (ACC+CCBC+ZC)] [(ACR+CCBR)XR+(ACP+CCBP)XP+CCH ] (4.21b)

Combining this with the pre-distributed productions of higher commodity
levels, we can determine all the consumption items in the C-level zones.
And thus the aim of the activity model, to break down all the flow
variables to the minimal spatial units in the Region, has now been
achieved.

The discussion so far has focused on how we may distribute the
regional amounts to zones, upon the availability of such values. Then the
next step is to determine those regional amounts, viz. the regional final
demand items along with the R-level input-output calculations, which will

be the major subject in the next chapter.
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CHAPTER 5

THE REGIONAL FRAME MODEL

The regional frame model is designed Lo determine the final demand ilems,
including consumptions, investments, net increase in stocks and the net
export, as well as the employments at the regional level. Among them, the
latter three factors are determined by sectors. We aimed at formulaling
each of these models in this chapter. Most formulas, except for the ones
concerning the employments, are directly related to the input-output compu-

1)

tations discussed in the previous chapter.

5.1. Net Final Demand ItLems
5.1.1. Consumption items and regional productions

As mentioned in Section 3.5, most model paraméters are estimated from
the pooling data collected at the prefectural level Lo secure a sufficient
degree of freedom. Meanwhile, as all the distribution models in Section
4.2 are formulated on the per ecapita or per employee basis, they are
independent of the size of the spatial unit. And the consistency regarding
regional aggregatlions is guaranteed for the consumpltion items as illustrat-
ed in eq.(4.10). Hence, it is possible to use the common parameters to the
distribution models as far as those items are concerned. In other words,
eq.(4.10) indeed gives an unbiased estimate for the regional household
consumption, and a similar argument applies to the other three consumption
items as well. '

Accordingly, we have the following expressions for estimating the

consumption items at the regional level, where the parameters shown in

Table 4.1 have been incorporated.

Cl = 0.0673 E + 0.4890 Cl_1 + 0.0036 VA (5.1a)
C2 = 0.0370 N + 0.8336 02_1 + 0.0398 VA (5.1b)
C3 =-0.0013 N + 1.0461 C3_l + 4.2218 ﬁEPR (65.1c)
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C4 = 0.0023 N + 0.9939 C4__. + 2.4786 aEP[ (5.1d)

1
The productions X for the present period are related Lo the value
added VA in the RHS of the first two equations, and thus, the consumption
items must be determined simultaneously with them. Similarly as is the
case in Section 4.4, this can be done by partitioning the itemized net

final demand vector W into two terms on the ground of the dependency on X.

(C1 €2 C3 ... 16)"= BX + W

K=
a3 ) ‘ ; ¥
= (a12 Lo 0 saae ) (aO,l viah 30‘35)(31 e XsaJ
T
¥ (alOEM“CI_1 a20N+321C2_1 ¢3 ... I8Y", (5.2)
where a5 is the input coefficient for value added in sector j. As the

regional (gross) final demand vector Y can then be written as
Y=V +J+ FM=C(BX+ W) +J + M, (5.3)

we can rewrite the regional balance equation (4.4) as follows.
X =AX + C(BX + W) +J + FPM (4.4)°
Rearranging this expression w.r.t. X, we can easily obtain a relation which

does not explicitly contain VA.

X = [T - (A+cB)] McH + 3 + pM) (5.4)
The regional value added can then be calculated by VA = Ejaojxj. from which
Cl and C2 are determined posteriorly through the first two equations of eq.

(5.1}

5.1.2. Housing investments
As we leave their spatial distributions te the loeation model, the

investment items need to be determined only at the regional level. Among
the four investment items, we first consider the housing investments, both
private and government. We here assume that these items depend on the
value added in the previous period ?A_l and the population inerease AN in
the present period, which is exogenous to Lhe model. The latter is
expected to represent the new demand and used in the form of ﬁﬁimax(&ﬁ,ﬂ},

while the former corresponds to the maintenance costs at large.
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Although the distribution models, of the kind discussed in Section 4.2,
are not required for these items, we still need to estimate the parameters
at the prefectural level due to data limitations. For example, the
parameters for ghe private housing investment IR are obtained from the pre-
fectural data using

IRP = + 0 NP, (5.5)

VA? + 1

%0 * %51'%-1 T Us2
As discussed in Section 3.5, it is possible to apply the same parameters Lo
the ealculation of its regional value provided that this expression gives
an unbiased estimate of the prefectural investment. Namely, the regional
value can be obtained by summing up eq.(5.5) w.r.t. prefectures.

- Pog p VL N
IR = XpIR = Qgyn * uﬁlszA-l + aﬁzzpﬁN = agen + a5 VA + o, 0N,

b
where n is the number of prefectures in the Region, which is seven for our
study area inecluding Tokyo Metropolis. Thus to apply the prefectural
estimates to the regional level, it is only necessary to multiply the
intercepts by the number of prefectures within the Region.

As the same argument also applies to the government housing invest-

ment, IGR, we have the following expressions for the regional housing

investments.
IR = -39501 + 0.0488 Vﬁ_l + 2.916 Aﬁ. ﬁz = 0.9705, (5.6)
(0.24) (33.35) (12.23) df=32,
IGR = -B24.6 + 0.00291VA_1 + 0.1140&&, ﬁz = (0.9318 (5.7)

(0.02) (9.72) (2.33) df=32,
where the parameters are caleulated from the data collected between 1975
and 80. However, we have only five effective years of observations due Lo

the lagged variable, VA_I, contained in the above expressions.

5.1.3. Non-housing investments

These items can be subdivided into three categories, viz. the govern-
ment capital formation except housing, the manufacturing and non-
manufacturing capital formations. Among them, only the manufacturing ones

are to be formulated on the sectorial basis.
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i) Government capital formation except housing [G: The same explanatory
variables as for the housing investments are employed for this item.
Consequently, we have the following expression with parameters estimated at
the prefectural level. '

+ 0.9022 &N, R%= 0.9355, (5.8)

(2.24) df=32.

16 = 1.042x10° + 0.0540 va

(3.74) (21.83)

ii) Manufacturing capital formation ﬂKi (i=3,00)% Tt 18 'a .common

praclLice Lo consider the investment as being the difference between the

2) And the former could be predicted

3)

optimal stock and the existing one.
from either Jorgenson's approach or the acceleration~ principle.
Accordingly, we here consider these two predictions in the form of a linear

combination.

Ve K. X,
ik, = =739, +0.0414 —0LED 4 g935 1D 11 -0.4139(1-6 DK, (1o,
(0.57) (1.74) r+ﬁi (2.74) Xi{_z) (1.81)
R2=0.8745, df=28, (5.9)
where Ki is the manufacturing capital, Xi is the production, and VdOi is

1

the operating surplus in sector i. 7 and 6i are the official discount
and the capital depreciation rates, respectively, which are exogenous to
the model, and thus, 1+6i gives the effective capital cost.

The first term corresponds to the Jorgenson's optimal capital stock,
while the second term is the expected needs for capital provided tLhat the
production expands at the same rate as the previous period. The third term
is the existing stock after depreciation which is to be subtracted from the
present needs, and thus the sign of this term is expected to be negative.

Unlike the previous items, parameters for this model are estimated
from the regional data, i.e., we have 32 effective observations that

correspond Lo 8 sectors over a four-year period, due to the use of the

second-order lags. Moreover, in response to the difference in sizes of

t1. The subscript 40 for the operating surplus and 41 for the depreciation
of fixed capital, respectively, correspond to the row numbers in the re-
gional input-output tables shown in Tables A.1 and A.2.
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industries, a GLS estimation is employed for this item with a weight

proportional to the reciprocal of K.

i(=¥)"
iii) Non-manufacturing, non-housing capital formation Aﬁﬁ: This category
L]
represents the ipvestments associated with the sectors whicli entail the

symbol N in Table 3.2, viz. activities other than Sectors 3 through 10, 17,
29 and 34. Likewise the variables with the subscript N identify the sums
over such seclors. It must be noted that the government services are
not taken inte account since the investments by the publie sector are
excluded from the corresponding data.*a

As statistics are not available on the existing stocks, we employ the

depreciation of fixed capital V as a proxy to those. By the same

41N
reasoning, the capital depreciation rate § cannot be calculated for this
case. Since this item can only be dealt in a lump-sum form, it is neces-
sary to use the prefectural data to secure a necessary degree of freedom.
Thus the parameters are determined from the following equation at the
prefectural level.

P _ p p p - p
8Ky = 20 2e 1 WVaon (-1 Yaon(-1) Oxe-1)/Px-1) *n -1 25 (-1 M 62Vain(-1),
(5.10)

where D represents the net demand, which is the sum of intermediate demands
and the net final demand, given by
D1 = Ejaijxj + Yi'

The term within brackets in eq.(5.10) corresponds to the Jorgenson's

(5.11)

approach with considerations of transfers of operating surplus to fill in
the discrepancies between dlstribugion of demands and production capaci-
ties. Suppose that this term represents the expected capital stock Kt.
Then the investment would comprise two segments, i.e., maintenance costs of

the existing stock c(l-E}K‘l with some positive econstant ¢, and the new

12. The data for this category are available in the form of private non-
housing capital formation, from which the manufacturing formation is
deducted. We here consider the community services as being a part of the
category since a reasonable margin of such services is provided by the
private sector.
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investment to generate K*. Thus we have AK = K*+ {c—!){]"EJK_l, where the
second term could either be positive or negative. Summing up eq.(5.10)
over prefectures, the following result on the regional non-manufacturing,
non-housing investment emerges with the transfer term canceled out.

-2 :
A, = ~631504 + 0.3111 Voo . + 1.010 V, o ., R°=0.9875, (5.10)
N7 T1.59)  (3.58) AONG-1) T (7 4g) 4INGDT gegp,

Combining results from eq.(5.9) and the above, the total private investment
is then caleulated from )
10

IF = 3. 8K, + 8K

e T N (3-12)

5.2. Net Increase in Stocks and Net Export

These items are calculated in two phases. First the total amount is
computed, and then distributed over commodities. This is necessitated by
the data restriction that only the tolal amounts are available annually
from the prefectural accounts, and their commodity compositions can be
observed from the input-output tables compiled every five years, i.e., 1975

and 80 concerning our study period.

5.2.1. Net increase in stocks

Since this item is considered to be a kind of misadjustment between
production and demand, the following expression is employed for the total
amount J, whose parameters are determined from the prefectural data.

R%= 0.6566, (5.13)
df=25,

J = -56612 + 0.00261 D
(0.81) (4.98)

- 0.1060AXD

=1 4.51)

J(~1)°
where DJ represents the summation of net demands Di‘ which is defined in
eq.(5.11), over 27 sectors which entail the symbol J in Table 3.2. The
remaining 8 sectors without this symbol; publie works (15, 27, 32), govern-
ment services (17, 29, 34), clerical business (18), and residential
building (20), are defined to possess neither net increase in stocks nor
net export in the input-output tables. Meanwhile, XDi is the difference

between production Xi and net demand Di' and thus,
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5XDJ(-1) 2 ziEJ[bxi[—l)"ADi(~1)]‘ (5.14)
where the summation is taken for the 27 sectors mentioned above.

The fact that the sign of the parameter for this term is negative
suggests the flﬁctuating nature of the item. The variable XD represents
excessive production, and if XD is increasing over the previous period, the
firms would try to decrease their inventory. The first term corresponds to
the motivation to build up the inventory when the demand is strong.

The total amount obtained by ea.(5.13) is distributed over commodities

to obtain the net increase in stocks Ji for respective commodities through

the expression, which is standardized with the production xi(—l} of the
previous year,
Ji Di{—]) ﬁXD1{~I) )
LT ol e (5.15)
X X )
i(-1) i(-1) i(-1)

Although the parameters are estimated for this expression, the predictions
are made by taking the Taylor expansion around the average over commodi-
ties, J/xJ(-l)' which is consistent w.r.t. aggregation.

J
S |

Pi-1) _ Pa(-1) A1) 51
L )+ a,,( = ) JX
X oy X 2% X
J(-1) i(=1) J(-1) (=1 J(=1)
The parameters are summarized in Table 5.1 along with those for commodity

i(-1) (5:16)

distributions of the next item, the regional net export.

Table 5.1. Parameters for commodity distributions of
net increase in stocks and net export,

i agp o gy @z 'ﬁ!

] T|-.00627 . 00602 |-0.0513 0. 9065

(1.79) (1.76) (1.45) df=24

FM| 8] .00299 0.8022 0.2606 0.9994

(2.29) (220.) (4.93) df=24

Note: The notes on R? and the t-values in Table 4.1 also apply to J.
However, as those for FM are based‘on nonlinear regression,
they are replaced by SSR/SST (the regressed sum of squares
over the total sum of squares) and the asymptotic t-values,
respectively.
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5.2.2. Net export |

This item is also observed as an imbalance between production and

demand. However, unlike the previous item, it would reflect the customs of '

trade intrinsic to the Region considered. In this regard, the expression

for the total amount includes the lagged value of itself.

=2
FM = 54031 +0.7777 FM—I + 0.1232 EXDJ{_l), R f 0.9832, (5.17)
(0.65) (38.72) (3.07) df=25.

The fact that the parameter associated with the term defined in eq.(5.14),

viz. the change in production-demand imbalances, is positive implies Lhat

~

such a surplus would accelerate the export.

Accordingly, the basic formula for commodity breakdown is given by

. 4XD ;
i TR | 21 3% P e 1] Ry
80 81 X 82 X y
Xi-1) i(-1) i(-1)

Due to the lagged variables in the formula and the fact that the LHS is
only observable in 1975 and 80, we successively substitute FMi(wl) in the
RHS by the same equation (5.18) concerning the previous period.
Consequently the following fifth-order equa tion is resulted, from which

parameters shown in Table 5.1 can be estimated nonlinearly.

FM. (80)/X. (79)
i i 5
a
'80 ¢ 2 X (11)+a3.X.(76)+a} X (75))+ —2L—FM (75)
= Xi(m(x1(79)+a81ki(78)+umxi( Jrag X ( )*“31 i x1(79) i

$ 2 3 4
b2 (4XD, (79)+a, BXD, (78)+a] AXD  (77)+a3 AXD  (76)+aq,8XD (75))
X, (19)

As is the case for the net increase in stocks, the expression obtained from
the Taylor expansion of eq.(5.18) is used for the actual predictions.

AXD

FM M M, _ AXD,
i 1601 PR 1) g, i(-1) _

+a
81 X

J(-1)}]xi(_l)

(5.19)

M, = [

X5(-1) 1) “ale1) -1y e

5.3. Sectorial Employments

The regional variables discussed above can be classified as the flow
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variables, and are directly related to the input-output computations. In
this section, we discuss the only stock variable to be determined in the
regional frame model, viz. the regional employments. Similar to the last
two items discussed in the previous section, we first obtain the total
amount, which is distributed over acleiLies.tB The difference is that due
to nonlinearity associated with the sectorial employment function, we can-
not expect the aggregalive consistency w.r.t. sectors.

In our model, the regional population N is assumed Lo be given exoge-
nously. Then the prediction of total employment becomes equivalent to that
of employment rate against population, which is unity less Lhe unemployment
rate, if we assume that a certain margin of populalion conslitutes the
labor force. Apparently, it would be natural te apply the idea of the
Phillips curve, which links the unemployment rate with the rate of wage
changes,J) to the formulation of the number of employees. Nevertheless, we
decide to adopt a formula similar to those for the consumption items due to
data limitations. That is, while we must estimate the relevant parameters
from the prefectural data, there would be a question about the reliability
of those labor-related statistics at the local level: Considering the con-
sistency w.r.t. spatial aggregation, we have the following expression at

Lthe prefectural level.

EP BP, ¢ W o B2
— = -0.0121 +0.9882— +0.0282(V0,  .+v.  (—% - =1y
N (1.88) (387.)NP (4.09) °2(-1)739(-1) Ny By W
P 2l .
v EP, N
_0_0252[_221111 i o ﬁ2= 0.9998,
(445) Vgqo 1y Eiy N df=31, (5.20)

where Vsq denotes the compensation of employees or Lhe total wage payment.

«13. It is possible to calculate the sectorial employments directly without

calculating the total value. For example, the model by the Economic Coun-

cil of Japanzj calculates the employment directly w.r.t. its 14 sectors.
However, when we have a detailed sectorial classification, it is difficult
to obtain the stable results. In other words, we consider the control
total for the sectorial employments to secure their stability.
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While the employment rate is evaluated at the place of residence, the
wages are paid at the place of employment. For this reason, the last two
terms are employed to represent the income transfers and the wage differen-
tials. Namely, Lhe sccond term, excluding the intercept, gives an estimate
of wages received by residents, where the wages from the job site other
than the prefecture in question come at the rate of regional average. The
positive parameter assigned to this term implies the mechanism of labor
supply that the supply would increase ;ith the inerease in the wage earn-
ing. On the other hand, the third term indicates the labor productivity,
and the negative parameter implies the mechanism of labor demand that the
entrepreneur tries to curtail labor where higher wages are required.

Multiplying eq.(5.20) by the prefectural population NP and summing up
over prefectures, we have the expression for the regional employment.

E=-0.0121 N + 0.9882 E_, + 0.0282 V (5.21)

1 38(-1)"
where the last term has been eliminated due to the spatial aggregation.

To formulate the sectorial employments, we consider the following
profit maximizing problem based on a Cobb-Douglas type production function.
max x = paKﬂEl“ﬁ =pl +=wE;
where r and w are the capital rent and the wage rate, respectively. The
first-order condition, E/K = (1-§)r/fw, is straightforward. It can also be

1/8

written with the capital renl r eliminated, viz. E/K = (a(1-8)p/w) or

In E = (1/6)1In(a(1-8)) + In K - (1/8)1In(w/p).
When using the monetary input-output table, the product price is unity
by definition, and the wage rate in Sector i can be described as

W = /E Substituting the capital depreciation V for the capital

= Vagy/ By
Ki' we have the following formula, which is to be calibrated w.r.t. sectors

411

over the five year period.

In Ei =g, + 81 = 9 (Vv (5.22)

. Nace .
i B Navalet) 39i(-1)/Fi(-1))"
where the parameters ui and § are redefined, and the sectorial differences

are considered only in terms of the intercept a,- The parameters for this
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formula are summarized in Table 5.2.M Meanwhile, the estimates from this
equation, éi‘ are Lo be regarded as the tentative ones, and should be
adjusted with the total employment caleculated from eq.(5.21).

Eq.(5.22) cannot be applied to Sector 18 (Clerical business) as its
capital depreciation is not defined. Hence, its tentative value is calecu-
lated from the following equation whose parameters are estimated at the
prefectural level,

E.. = -304537 + 5.756 Z].lqlawiEi. R%=0.9984, (5.23)

18 (18.98) (182.) df=40.
As mentioned in Section 4.2, this sector corresponds to the managerial
workers in Sectors 1 through 14. This expression assigns the weights to
the tentalive employees of Lhose mother industries calculated above in
accordance with the input coefficients from Sectior 18.

Finally, the results from egs.(5.22) and (5.23) are combined Lo

Table 5.2. Parameters for the sectorial employments.

Params. (t-val) Params. (t-val) Paranms. (t-val)
ay 0.5769(15.11) | @y3 | 1.3654(21.31) | @os | 3.1306(25.87)
Qs 0.6536(14.62) | @4 | 2.3041(31.22) | @29 | 4.0526(20.89)
as 1.7480 (5.93) | @16 | 3.1165(17.49) | @30 | 2.8950(52.40)
ay 2.2914(10.93) | 47 | 3.8575(20.79) | @3y | 2.6046(42.34)
as | 1.7510 (4.03) | @yo | 1.2652 (8.01) | @ss | 3.0121(59.44)
X 2.3579(13.45) | @a0 | 2.5825(41.68) | @3 | 4.0593(22.16)
a4 0.6041(122.6) | @y | 2.0805(10.54) | @as | 2.5440 (7.89)
ay | 1.4119(28.97) | @2y | 2.8093(25.23) | @c | 1.8552 (5.09)
Qg 1,9075 (1.49) | @23 | 1.2333(40.14) B 0.9494(30.38)
@qg |~1.6T61(17.40) | g | 1.0126(17.82) 7 0.9399(27. 44)
@qq |~0,2212(80.96) | @45 | 2.6393(80.56) [ R2 0.9999
@12 | 1.9776 (4.66) | @26 | 1.7364 (5.58) | df 126

Note: The constant terms are calculated from a regression with a class
variable corresponding to the 32 sectors considered. As the one
for the public works ac is taken as the basis, its t-value is
replaced by the one corresponding to the intercept.

f4. By the same reasoning as to estimate the production function in Sec-
tion 4.3, it is statistically impossible to divide the employees engaged in
public works into the three levels. Thus the employees in all three sec-
tors are combined and designated by the symbol C in Table 5.2. That is,

EC =K 1 5+E27+E32 -
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determine the final predictions which are consistent with Lhe total employ-
ment given by eq.(5.21).
B, = (E/3E,)E (5.24)
5.4. Use of Standard Values
While the models formulated above may directly be used to predict the
regional frame values, there might be occasions where a set of dependable
15

esLlimations are available from some other macro-econometric model. In

such cases, it is advantageous to incorporate these results into our model
since many of the regional economic statisties are to be determined in
connection with the rest of the world, whiech are beyond the realm of our
model. The use of exogenous sequences is also desirable from a practical
viewpoint so as to facilitate evaluations of various scenarios of the
economic growth.

Such exogenous information can be incorporated through exactly the
same way in which we calculate the local or commodity distributions of the
regional values, viz. by using the Taylor expansion. For example, suppose
that the basic relation is given by eq.(3.17), and a set of dependable
estimates (XO,YD) are given exogenously. Then the Taylor expansion,

Y = Y% zjaj(xj—xg), (3.17)°
would involve smaller errors than to use eq.(3.17) since we can avoid a
part of the errors which would accompany the estimation of y° by regarding

t6

{XO,YO) as the true combination.

{5. The model known as the Amano-Fujita models) is a typical multi-regional
model with a specific emphasis on the interregional trades among nine
subregions constituting Japan. This type of models could be used as the
one supervising the regional frame. Although there have been a number of
multi-regional econometric models, they tend to rely on the regional

dummys‘ﬁ) In this sense, an authentic macro-econometric approach appears
to be insufficient for a detailed regional analysis. Hence, our minimal
requirement is a duo-regional model which would interface our Region with
the configuralions of the rest of the world, which might be obtained as an

)

extension of the AGE model.7

84

The standard values could be incorporated into all the formulations
concerning consumption expenditures and investments; equations (5.1), (5.6G)
through (5.9), and (5.10)'. For example, €2 and IR could be caleulaled
from their standard values, respeclively, as follows.

(&]

C2 = c2

O (7 U i TR T
g1 MEL ey 22

o] .0
IR IR + aﬁl(VA_l—hA_l).

"

The reason why the term corresponding to AN in eq.(5.6) disappears in the
latter expression is that the regional population N is assumed to be exoge-
nous to our model. And by the same reason, the term N/NO that appears in
conjunction with the Taylor expansion of eq.(3.21) becomes unity.

The standard values for the remaining two items, the net increase in
stocks and the net export, can be given either in the forms of totals or
their commodity compositions. If the former is the case, the commodity
breakdowns are to be calculated from eqs.(5.16) and (5.19), whieh do not
require the commodity-based standard values. Otherwise, we might directly
start from those equations without calculating the total values. The equa-
tions which incorporate the standard values can be obtained by replacing J,
(6]

: . s o 20l S0
70 DJ and ﬁXDJ in eqs.(5.16) and (5.19) by Ji‘ FMi’ Xi‘ Di

bXD?, respeclively.

FM, X and
Although all the aforementioned variables are related to the input-
output analysis to some extent, there is a differenl category of variables
to be determined in the regional frame model, viz. those related to the
regional employments. The similar argument as for the balancing items is
also applicable to this case regarding whether the standard values are
given on the sectorial basis or not. When only the total one is available,

the approximation based on E° could be calculated using eq.(5.21).

t6. Let ¢ and £ denote the errors associated with the estimations of Y and

YO, respectively, in eq.(3.17). Then if the errors 52 associated with

eq.(3.17)" is independent of £ We have Var(a):Var{a1)+Vap(52)gvap(52)_
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A S - 0 =0

Bi= E™# fi).QBBZ{E_I E-l) - 0,0282{\?3_9(_1) V39(_1)) (5.25)

On the other hand, when the standard values for the sectorial employ-
ments are available, those values can be incorporated in eq.(5.22) using
its exponential form, There might be a few alternative formulas depending

on the way to deal with independent variables. One such formula would be

(o] 00 . o)
E, = ES +=(—Ei )(V -9 ) —r(EiEi(_”){‘m{'” - "391(_1))
i e i V0 41i(-1) "41i(-1) VO B £ :
41i(-1) ] 39i(-1) “i(-1) i(-1)

(5.26)

In this case, the total employment is to be calculated posteriorly from
this result. However, it must be noted that eq.(5.26) does not maintain
the aggregative consistency. Thus when we choose to use the prediction
based on eq.(5.25) as the control total to the sectorial predictions, it is
necessary to appeal to eq.(5.24) by regarding the LHS of eq.(5.26) as the
tentative prediction, f‘l

1t is also noteworthy that the standard values cannot necessarily be
given independently. In other words, as some of the variables are closely
related to the others, those dependent variables must be computed from
independent ones in accordance with certain definitive relations. That is,
the standard values for the variables listed at the top of Figure 5.1 can
only be given independently.'7 and the rest of the variables are to be
determined in connection with those independent variables.

The relalion upon which the variables depend on the other variables
can be classified into three categories. One is the simple aggregatlive

relations identified by the double-lined arrows in the figure. Those

belonging to the second category are to be computed in accordance with the

t7. When the standard values for the net inerease in stocks and net export
are available on the sectorial basis, they can be given independently
instead of their total amounts. And a similar argument applies to the
employment. However, conecerning the latter, it is possible to incorporate
the standard values for both the total and sectorial emplovments. As
mentioned in the text, this is due to the nonlinear formulation of the
sectorial employments, where the aggregative «consistency cannot be
expected,

o © c3° o o L R T W o s
c1” €2° c3° c4”[ IR® IGR® IG® [iAKY . ) o AKY | 3° FM°| | E® |
S L_I_.J L
= f—?l""‘l = = :
Y. Bt = Jo M ES
: LA = 4 i
v \

ol . 0 |- o 0 [+ ]
AXD{ Dy € X5 AEP‘AAEPL
rU_;T r-J;-'T =] o o] o]
laxp | e | 7 o

: 0 39
Il 4 J.JH: u:

Al CB oF
VaonVain| Vag!
SN e ==4 == summation flows

+ Not required if net increase in stocks and net exports are exogenously given
on the sectorial basis.
1 Not required if sectorial employments are exogenously given.

Figure 5.1. The lineage among the standard values.

regional input-output relation discussed in Section 5.1. Accordingly, the
standard values for Cl and C2 are to be determined simultaneously, exactly
the same way as we determine their regional values, and in this regard, the
actual procedure is a little more complicated than the causal relations
depicted in Figure 5.1.
This carr be done simply by replacing the regional values, ﬁ, J, and

FM, in eq.(5.4) by their standard values, Wo, J° and FHO, using an appro-
priate partition of the itemized net final demand vectlor We.

X0 = [I - (A+cB)1 7 [CW+ 3% RMO) (5.4)"
Accordingly, the standard values for the value added and its components can
be determined from this result. For example, the total value added and the
operating surplus in sector i are calculated respectively by vA® = Ijaojxg

And the former determines the standard values for the

8

180 e o
and Voo =840:i%

private consumption expenditures.
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The rest of the variables, including the sectorial employments, are
classified into the third category. The standard value for the manufactur-
ing asset K? is obtained, by definition, from the new investment and the
assel. inherited from the previous period.

(o]
i(-1)

where ?Ki is the removal or demolition of assets. It is likely that the

K = (1-8,) (KT _,y-VK,) + 4KT, (5.217)
standard macro-econometric models would combine the demolition and the
depreciation to calculate the capital depreciation rate Ei‘ instead of
providing a separate sequence of demolitions. In such ?ases, we might
either omit the demolition term in eq.(5.27) or consider the asset Ki as an
independent variable. In this regard, the ways to compute each of the
standard values would not be unique depending on the availability of those
for the other variables.
Finally, it must be noted that our model also expects the major

exogenous variables to the model, viz. the regional population and the
interest rate, to be provided from an outside model, besides the standard

19 The latter can be obtained from a

values to the endogenous variables.
national macro model as it can be regarded uniform Lhroughout the nation.
On the other hand, the former could be calculated either from an econo-
metric model or a non-econometric one, e.g. the multi-regional cohort

9)

model .

t8. When the standard values are available for the R-level computation,

the term corresponding to W in eq.(5.2), which is independent of X, should
be replaced by the following expression.

W= [CIO(E/E°)+u11(CIHI-CIEI(E/Eo))—QIZVAO(E/EO).

02, (c2_ -C2° )-q,,V4%, 3, ..., 161",

19. The early version of the modela) includes a set of formulas to compute
the regional population endogenously. However, those formulas require a
number of exogenous variables concerning the rest of the nation. In this
regard, the efficient alternatives are either to make the population exoge-
nous or Lo incorporate models concerning the rest of the nation. Here we
choose the former to keep our study area from expanding.
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CHAPTER 6

THE LOCATION MODEL

This chapter is.devoted to the formulations in the model block which deter-
mines the spatial allocations of stock variables. The model is constructed
from five submodels to be executed consecutively in the order of the demo-
lition, basic location, stock accounting, auxiliary locatlon; and the
commuting distribution submodels. The aggregate random bid prices play a
definitive role in determining the allocation of land among activities.
While those bid prices are discriminant in nature, the land prices are
calculated posteriorly to summarize the present land use, and to forward

information to the demolition in the succeeding pericd.li'z)

6.1. Locating Activities and Land Accounting
6.1.1. Land use calegories and locating activities
Until recently, comprehensive data on land use have not been avail-

able. Owing to the National Land Use Planning Law, which became effective
in 1974, the mesh-based land use data were publicized as a part of National
Land Digital Data. As of the time when our research was conducted, the
only available data (KS-200 or KS-202) were for the year 1976, and their
categorization focuses mostly on physical land use rather than on socio-

3)

economic aspects. In particular, the categories of building and miscel-
laneous lots obtained from the digital data must be subdivided over the
industrial and residential activities to meet our model configuration.
Incidentally, such data have been compiled in association with the CALUTAS
4)

model, where subdivision is primarily based on the land use maps pub-
lished by the Geographical Survey Institute available around the year 1977.
Accordingly, we recompose these data, furnished by the CALUTAS research

group, into the jurisdictional ones, and utilize them as the basis for

describing the land use patterns in 1976.Tl
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Concerning the industrial and residential usages, which are hereafter
abbreviated as the urban usages, the data obtained above have been classi-
fied into nine categories. As we consider six housing types depending on
the tenure and building type of each unit, we consider the sum of 41 activ-
ities listed in Table 6.1. However, due to the fact that we are interested
in urban land use, we might exclude a number of industrial sectors from our
land accounting. Sector 01 (Agriculture, forestry and fisheries) is among
such sectors since the agricultural land is regarded as a source of land
supply to the urban usages and fisheries are mostly operated over the water
area. We further exclude Sector 02 (Mining) and the construction sectors

from our accounting by the following reasoning. The former, along with

forestry belonging to Sector 01, would rarely interfere with the wurban

Table 6.1. Classification of locating activities.

CODE INDUSTRIAL ACTIVITIES LC | EN | DM || CODE INDUSTRIAL ACTIVITIES LC | EN | DM
R Ol |Agriculture, forestry and [isheries E P 19 | ¥ater supply I [FE" '
R 02 | Mining E P 20 | Residential building E
R 03 | Food and beverages I | K |M|P 21 |Passenger transportation 2 e 0 4 i
R 04 | Textile I K |M|P 22| Freight transportation T |vE |17
R 05 | Nooden and paper products I [K|M|P 23| Comaunication € |'E |'C
R 06 | Printing and publishing I |K|M|P 24 | Finance, insurance and real estate | C | E | C
R 07 | Chemical products I | K |M|P 25| Business services ¢ B | C
R 08 | Metal products 1 |K |M|P 26 | Entertainment ¢ IE ke
R 09 | Machinery I |K|MJIP 27| Public vorks of P-level E
R 10 | Other manulacturing I | K |MJ|P 28 | Community services of P-level PIlE|P
R 1l |Electricity and gas 1 |E|U P 29| Government services of P-level PIE|P
R 12 | Non-residential building E
R 13 | Far-flung transportation T|E |T|C 30|Retail clElc
R 14 | Yholesale C|E|C|C 3l|Personal services G LE |E
R 15 | Public vorks of R-level E C 32| Public works of C-level E
R 16 | Community services of R-level P |E | P JC 33| Comaunity services of C-level ) T 1
R 17 | Government services of R-level P |E | P [C 34| Covernment services of C-level BEIlE|P
R 18 |Clerical business C|E |CJC 35| Sevage and waste management I1|E|U
CODE RESIDENTIAL ACTIVITIES LC | EN | DM }j CODE RESIDENTIAL ACTIVITIES LC | EN | DM
Il | Single-unit owned houses R |H |1y H4 | Multi-unit owned houses R|H[H;
HZ | Single-unit rented houses R |H | Hy HS | Multi-unit rented houses R | H |Ha
H3 | Single-unit issued houses R |H [Hy HS | Multi-unit issued houses R |H|H,

Notes: 1) LC refers to the land use categories summarized from the mesh-data
| = Industrial, T = Transportation, C = Commercial, P = Public, and R = Residential usages.
2) EN refers to the location entity; the variable to be primarily distributed.
E = Employees, K = Non-land assets. and H = Housing Units.
3) DM identifies the demolition model to be used for Lhe activity.
M = Manufacturing, T = Transportation, C = Commercial, P = Public, U = Supply and Disposal,
Hy = Single-unit houses, and Ha = Multi-unit houses

f1. As we do not consider C-level zones for the northern three prefectures,
the land use data are compiled only for the Southern Kanto Region, compris-
ing Tokyo and the southern three prefectures. The author is grateful to
the CALUTAS research group, headed by Prof. Hideo Nakamura of University of
Tokyo, for granting permission Lo access their land use data.
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usages since they are mainly operated outside the inhabitable land. And
the land use by the lalter can be considered to be temporary in the sense
that the lobL would eventually be transferred to the party who orders the
construction.?z

Consequently, we consider the remaining 34 aclivities, which are
called the locating activities, as to constitute the demand to the urban-
ized area. To establish the correspondence between these aectivities and
the nine categories mentioned above, further aggregation of Lhe latter
appears to be necessary due Lo the conceptual discrepancies between Lhe
physical land use and economic activities. Namely, we re-classify the nine
categories into the five categories shown below.

(a) Industrial; industrial, (b) Transportation; tvunk line transportation,
(c) Commercial; commercial and business, (d) Public; parks and green
tracts, education, public and welfare, and (e) Residential; low density
detached, high density detached, and mid to high-rise residential areas,
where the categories shown to the right of each aggregate category corre-
spond to the ones inherited from the CALUTAS data.

Then we can consider that each locating activity occupies a part of
the land designated as one of these five usages as shown in column LC (land
use categories) of Table 6.1. In our model, the land occupied by each
activity, Li(t), is first calculated, and the location entities, such as
manufacturing assets, numbers of employees or housing units, are then dis-
tributed in accordance with the allocation of land. Which variable is to
be chosen as the entity may depend'on the nature of each activity as well
as the data availability. The column EN identifies such entities which are

regarded as the leading factors in terms of locations. The remaining

f2. It must be noted that under the usual industrial classification, the
managerial segments of those sectors are to locate within the urbanized
area even though their sites for actual production do not interfere with
the other usages. We here disregard such conflicts by virtue of our
sectorial definition that sector 18 (Clerical business) is detached from
its mother industries.
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column (DM) will be referred to later in Section 6.6.

6.1.2. Land accounting and cdata compilations

One of the objectives in the location model is to determine the zonal
land use, and it would be meaningful to clarify the relationship among the
relevant variables, both static and transitional. 1In the model, all the
locational transactions are assumed to take place instantaneously at the
beginning of each period, and the re;ulted state is assumed to be main-
tained throughout the rest of the period.
Li[L-l) in Table 6.2 denotes the land occupied by the i-th activity in
period (t-1), where the superscript ¢ to identify the zone is omitted as
there might be no confusion. The possible transactions to attain Litt) for
the succeeding period are the demolition and the location. When we denote
the land released by the former and that acquired by the latter by FLi(t)
and ALi(l). respectively, we can write

Li{h) = Li(t-l) & VLi(t) + ﬁLi(t), igd, (6.1)

where A is the set of locating activities. And when we take the summations
of respective terms, we will have the urbanized area, LU(L) =.§‘Li{t}’
along with its decrement and increment, VLU(t) and ALU(L). P

We assume that the urban land use is confined within the inhabitable
land, i.e., LU(L)SLF(t) according to our notations. And the non-
inhabitable one is considered only in the form of the development of new

13

land, ALF(L), either by leveling mountains or by reclamation. The

difference belween the inhabitable land and land actually used for urban

Table 6.2. The land accounting table

usages is regarded as the vacant land, including the agricultural land.
However, the land after demolitions,
LAD(t) = LA(t-1) + I VL.(t), (6.2)
je4 *

may be considered more important than the vacant land representing the
state as the former provides the ground for new locations. This stems from
the fact that demolitions are assumed to take place at the very beginning
of each period as mentioned in Section 2.3. The vacant land can also be
calculated by subtracting the land occupied by the new locators Ffrom Lhe
land after demolitions.

LA(t) = LF(t) - LU(t) = LAD(t) —_E x';Ll(t}. (6.3)

As the CALUTAS land use data only provide, i;Aour model, Lhe state in

1876 in five categories shown above, we need to subdivide them into 34
locating activilies and to exlrapolate them annually towards 1980 Lo
facilitate the test simulation. Thus in the following, we discuss Lhe
procedures for such estimalions.
(a) Industrial land area by sectors in 1976: The sectorial areas are
calculated by distributing the area classified to each category in propor-
tion to the sectorial employees belonging to that category. Meanwhile, the
land area in manufacturing sectors (03-10) would be consumed mostly to
house their manufacturing assets rather than the employees. As the data on
land assets are available in Census of Manufactures, the land area allo-
cated to these sectors is redistributed basically in accordance with this
information.

(b) Residential land area by types in 1976: As the calculations are mainly

based on the 1978 Housing Survey, the three different treatments become

State i Locational ‘ransactions in period t
period Ground for Development State in
(t=1) Demolition | location Location of nev land | period 1
(a) Locating activity Li(t=1) | © VL (1) @aLy(t) Le(t)
(b) Lar&d(c)[ urban usages | LU(1-1) e%‘?t;(t) @}’2:'.\1':(!) LU(e)
= a
{e) Vacant land LA(t=1) &)fvi.ltt) LAD(t) e:::m.,(t) ®ALF(1) LA(t)
(d) Inhabitable land LF(t-1) @aLF(1) LF(1)
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{3. Like the stochaslic considerations, Table 6.2 assumes that development
of new lot and localion of an activity onto the same lot cannot take place
in a single period. As a matter of course, another possible alternative is
to assume that such developments take place instantaneously at the very
beginning of the period similar to demolitions. However, when we consider
the time and money required to such developments, the former might be the
better choice. i
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necessary for three types of jurisdictions classified by data availability.
These are i) the cities and wards with populations of more than 50 thou-
sand, ii) other jurisdictions with publicized residential land prices, and
iii) 81 townships and villages without such information. The distributions
of the residential area over the six housing types are made in accordance
with i) the lot sizes per housing unit shown in the Housing Survey, ii) the
values of the lot size function, which is explained by the land prices, and
iii) the average lot sizes calculated for the jurisdictions with popula-
tions of less than 50 thousand, raspectively.s) ’
(¢) Regression of land area per unit stock to the land prices: As the
stocks for which the land-to-stock ratios are calculated, we choose the
number of employees for most industrial sectors. However, we employ Lhe
land assets for manufacturing sectors, the floor spaces for single-unit
houses, and the number of housing units for multi-unit houses instead. For
example, suppose Lh and Fh are the land area and floor space assigned to
the single-unit houses of type h, respectively. Then the relevant conver-
sion ratio is regressed cross-sectionally in the following manner.

Ly/Fp, = £,0VL) = i ?, (6.4)
where the parameter § attached to the land price VL becomes negative for
every aclivity.

(d) Land areas by activity for the succeeding years: We extrapolate the
sectorial land areas for 1976 obtained by steps (a) and (b) using Lhe
changes in stocks on which the land-to-stock ratios are defined.

i) Set the period te(t+1), and estimate the land area released as a result
of demolition of the relevant stock. For example, that for the single-unit
houses is obtained by

?Lh(t) = (Lh{t-l}/Fh(t-l))?Fh(t},

where the term within the parenthesis is the ratio calculated from eq.
(6.4).M It must be noted that we must use -min (Ei(t}—Ei(t—l).D) instead

of Vﬁi{t) if the relevant stock is the number of employees, since the net
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changes are the only information we can obtain regarding the employvees.
The ground for new locatlons can then be ealculated through eq.(6.2).
ii) Calculate the land acquisition for the present period using the

land-to-stock ratio. In the case of the single-unit houses, we may use
ALh{tJ = aﬁFh(t]VL(L):. and the similar argument as above applies Lo the
case where the numbers of employees are considered as the net of ratios.
When the sum of areas newly acquired violates the physical constraint,
A hLi(L} £ LAD, (6.5)
i€A
the estimates will be determined by reducing ﬁLi(t) proportionately so that
eq.(6.5) is satisfied in equality. Finally, we calculate the land areas by

activity and the vacanl land through egs.(6.1) and (6.3), respectively,

before returning to step i).

6.2. The Basie Location Submodel
6.2.1. Relevant activities and the bid price function

As Figure 3.1 illustrates, the execution of the location model initi-
ates in the demolition submodel, which determines the amount of land
available to the new locators, and the present submodel comes next te it.
On the ground of its significance, however, the latter submodel plays the
key role in determining the spatial allocation of activities, and this
prompts us to start our model description from there. The model allocates
activities over the study area in the way that the land acquisition &L? of
the i-th activity in zone ¢ is first calculated, and the location entities
are then allocated in accordance with these acquisitions.

The activities to be allocated through the present submodel are the

locating activities as defined Iin the previous section. That is, those

f4. As a matter of course, there exists no guarantee that the stocks with
the average land-to-stock ratio are demolished. In reality, the stocks
which utilize the land less efficiently are likely to be demolished.
Nevertheless we here calculate the areas released by demolitions using the
ratios for the previous year since it is statistically impossible to trace
the history of stocks.
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activities which are identified by some symbol, either I, T, C, P or R
corresponding to what category the land occupied by the activity is to be
classified, in column LC in Table 6.1. Hence, it must be noted that the
word "basic" is used in the different context from the "basic sectors" in

6) Namely, it simply illustrates Lhe importance of the

the Lowry model.
outpute from this submodel in the sense that the outline of land use for
each period is basically determined there.

According to the discussion in Seclion 2.2, we employ the random bid
price theory, rather than the random utility theory, as the basic scheme to
deseribe the locational competition in our mndel.is In other words, the
location probabilities are caleulated from the viewpoinlt Lo determine how
to allocalte the land among aclivities in each zone. Unlike the probabili-
ties based on the latter, no specific readjustment procedures are required
with the former as the land is thoroughly allocated among activities when
we explicitly consider the reservation demands. On the other hand, it is
possible to consider such probabilities either in terms of stocks or of
stock inecreases. While the latter is theoretically desirable for deserib-
ing locational dynamism, we here combine these two probabilities, as a
consequence of the discussion in Section 2.3, in the way that the former is
employed for parameter estimations and the latter for actual simulations.

We consider those bid prices in the aggregative context since the

simulation model to be proposed through this study is aggregative by

¢
i

of land in zone ¢ are occupied by the i-th activity is defined by an

nature. Accordingly, the location probability that p.%100% of the parcels

expression equivalent to eq.(2.2),

)

f5. Miyamoto ° proposes a model which tries to bring both random utilities
and random bid prices into an equilibrium. However, as far as the utili-
ties considered in the former are indirect, they only represent the
revealed preferences under an equilibrium. It must be noted, in this
connection, that a combination of both approaches would provide essentially
no additional information on the loecational behavior.

g Lf exp ??

by = R ¢ (6.6)
Z~lj J exp ¥."
JEA jEA

where A is defined as an augmented set of activity codes which incorporates
the reservation demand (j=0) to that of locating activilies A. In praec-
tice, the denominator of the second term is regarded as being equal to the

inhabitable land LFc. and thus, the land reserved is given by

L; L3 3 R 8
jead
Although it is possible to consider various functional forms including

8)

the hedonie type ones, we here consider the one formulated as a linear

combination of various potentials as the bid price function W?. That is,
when we denote the k-th potential variable in zone ¢ employed for Lhe i-th

activity by ka. ?? is given by the following formula.
(- c
i = %o ¥ et

where nio and aik are the constant and the parameters to be estimated.

¥ + 1 (6.7)

6.2.2. The distance measures

To calculate the potentials, the most important task is to determine
the distances among zones. In this study, we consider the distances by two
modes, TFcc' by ecar and TMcc’ by public transports primarily by rail, where
both are evaluated in terms of standard trip times in minutes. The former
is intended to the wuse in conjunction with the potentials regarding
industrial activities except for those supposed to express the human inter-
actions, to which the latter is applicable. And the use of two kinds of
distances mandates us to construct the road and railroad networks linking

t6

the zones, which are shown in Figures 6.1 and 6.2, respectively.

t6. The former has been constructed from the road maps available in 1985,
which primarily reflect the network around 1983, and the latter is based
upon the train timetables published in 1980. It must be noted that the
physical information is not enough to build the latter as it must reflectl
the actual schedule of train operations such as the express services. The
author would like to thank Messrs. Hiroyuki Nitta and Hiroshi Yamada, the
former students at Kyoto University, for their assistance in constructing
the road and railroad networks.
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— QXpressways

other major roads

— JR lines
other rail lines

B i bus connections
Figure 6.2. The railroad network (1980).
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Concerning Lhe railroad network, the centroid of each zone is placed
at a station or two as listed in Table 3.1. Those are selected from Lhe
major stations in the municipality or the ward which are either prominent
in the zone or located near the geographical center of the zone if we
cannot select one munieipality (ward) as being prominent. The centroids in
the road network are placed, with a few exceptions, at the city halls {or
ward offices) where such stations are located. Concerning the northern
three prefectures, which do not receive further subdivisions, their cen-
troids are placed either at the prefectural government offices or at the
major stations of the municipalities where these offices are located. On
the other hand, the centroids for the P-level zones of Tokyo and the rest
of the prefectures are defined as to coincide with those of the C-level
zones where the respective prefectural government offices are localed.

Once the networks are constructed, the shortest distances among tLhe
zones can easily be calculated through the Dijkstra's moLhod.g)?T However,
one question always associated with such distances is how to determine Lhe
intrazonal ones. Here we regard an intrazonal distance as being approxi-
mated by a third of the average distance to the zones which share the
border with the zone concerned. This may be justified as fo]lows.lo)

Suppose there exists a line segment of length 2r, and the trip genera-
tion and absorption take place in accordance with the uniform probability
density e=1/2r over the segment, where the value of ¢ is determined from
the expression; irerP = [cg]fr = 2¢r = 1. Then we can calculate Lhe aver-

age trip length t(s) along the segment given a destination point s by

t(s)

(1/72r)87 1p-slds

(1/20) 1% (s=s)dp + (1/20)12 (s-p)dp

(1/40) [ (r=8) %+ (r+8)%] = (1728)(r% &%).

"

t7. Two central townships, Yamakita and Sagamiko, are chosen for Zone 712
where the Tanzawa mountains lie at the middle of the zone. Accordingly,
the shortest distances to and from this zone is defined as the minimum of
either distances concerning these two centroids.

101



And the average trip length T over the segment becomes
T = (/20017 (1/20) (% sPyas = (2/3)e.
As the average distance R from a zone center to the centers of the adjacent
zones might be interpreted as the twice of the hypothetical radius of the
zone concerned, R/3 would provide the average trip length therein. It must
be noted, however, that this convention is applicable only when the zone
can be approximated by a line segment, and the activities are distributed
rather uniformly over it. In other w;rds, in the real-world zones where
the activities are biased, R/3 1is 1likely to overestimate the real
averages.TB
The road and railroad time distances employed in the study are summa-

rized as Tables A.3 and A.4 in Appendix, respectively.

6.2.3. The potential variables

In the activity model described in Chapter 4, the distributions are
made in two phases; viz. from the Region to the prefectures and from the
prefectures to the zones., However, the location model entails the distri-
butions in a single phase, and thus, those potentials should be calculated
as the integrations concerning the C-level zones.T9 More precisely, the

following seventeen potentials are regarded as the candidates in the study.

1) Intermediate inputs XG: Ec,Eg

1 en

lajin(_l)exp(~HiTFc =

t8. There might be an argument on whether to predetermine the centroids
irrespective of activity distributions. Namely, there is an alternative to
calculate those centroids as the gravity centers of the actual zones.
However, when we try to prediet the future locations of activities, the
latter approach may be misleading in the sense that the distances perceived
by the new loecators would not necessarily coincide with those by the exist-
ing ones as the gravity centers tend to lie amidst the built-up areas.
Likewise it might not be worthwhile to elaborate on calculating the intra-
zonal distances from the actual trip observations as they also reflect the
transactions among the existing locators.

9. As discussed in Seection 3.1, no subdivisions are introduced to the
northern three prefectures. Consequently, those prefectures as a whole are
regarded as single zones, equal to the other 48 C-level zones, when calcu-
lating those integrations, even though Lhe former are generally accompanied
by variables of greater magnitudes than the latter.
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; = 35 e’ - cc'
2) Intermediate demands AX: Ec,Ej:laiJXj(_l)exp( BTET ),

3) Net final demands Yt Ec,?z(_l)exp(-&iTFcc‘),

4) Net demands AX+): defined as the sum of 2) and 3) above,

5) Values added VA: ZG,VAfiexp(—BiTFcc’),

6) Population N: Ec.Nfiexp(—ﬁiTMcc’),

7) Total employees E: EC,EE;exp(—HiTMcc‘),

8) Urban employees, for those sectors designated as the urban activities
shown in Table 3.2, EU: zc,EUf;exp(—siTM°°'),

9) Non-urban employees, viz. those employed by Sectors 1 and 2, EA:
ZCI(E?;_1)+EZ;,1))exp(—ﬁiTMcc‘),

10) Employees in Sector 17 (Government services of R-level) E17:

) exp(=8, ™" ),

c!
c’ElT(—l)
11) Employees in Sector 18 (Clerical business) EIS:

¢’ ce’
Ec’EIB{——l)EXP(—ﬁiTM ):

12) Employees in Sectors 17 and 18 combined F defined as the sum of

17+18°
10) and 11) above,

13) Employees in Sectors 17 and 29 (Government services of R and P-levels)
c’ c’
17(-1)*E29(-1)

14) Employees in Sectors 16 and 28 (Community services of R and P-levels)

EMRP: 3_, (E Yexp(-f,TH® ),

: ¢’ e’ ce’
EPRP: 3, (Eg 1 y#Ege 1y )exp(~f, M C ),

15) Employees in Sector 33 (Community services of C-level) E33:

) exp(~§, M ),

c!
¢'E33(-1)
16) Employees in community services of all levels EP: defined as the sum of

14) and 15) above, and

17) The accessibility to the nearest port TP: exp(—EiTPc).

c
i

the number of employees of the i-th sector in zone ¢, respectively.

are the production of, the net final demand to, and
t10

Here X?, ¥ and E
: S

In

contrast to the potentials 5) through 16), which are common to all sectors,

those from 1) to 4) are defined for respective sectors and mostly based

upon the input coefficients, aii' which are assumed to be common throughout

.
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the Region. Si is the distance decay ratio attached to Lhe distances.'ll

and the last one is defined as a simple accessibility measure depending on
the time distance by car to the nearest port TPc from each zan@.le

As shown in eq.(6.7), the bid price funclions in our model are to be
defined by combining some of the above potentials. However, the number of
such funetions to be determined simultaneously through eq.(6.6) reaches 35
including the one for the reservational uses. Even if we limit the number
of potentials contained in each bid price function to two, the number of
parameters Lo be estimated amounts to 140. And it is virtually impossible
to estimate Lhus many parameters simultaneously particularly when the
equalions Lo be estimated are nonlinear. Hence, some kind of convention

must be introduced to estimate those parameters, and this will be the focal

point in the next subsection.

6.2.4. The estimation procedure
As eq.(6.6) is essentially multiplicative, it is possible to estimate

the parameters a. which linearly reflect upon the bid price function,

ik’
through log-linear regressions. By taking the logarithms of eq.(6.6),

$10. As mentioned in Footnote 7 of Chapter 4, the macro variables with
monetary denominations, such as xi. Yi’ VA, and the industrial assets Ki'

are in million yen, and the population N and the number of employees Ei are
given in persons. Meanwhile, the area variables such as Li and LF are in

hectares, and the land prices VL are given in hundred yen per square meter.

t11. It is theoretically desirable to separately assign a decay ratio to
each potential term associated with a single sector. However, in practice,
the estimation method confines us to applying a common ratio to all the
Lerms in a sector as to be discussed in the next subsection.

{12, Here the ports are limited to the major ports including the specially
designated ones as defined by the regulations associated with the Port and
Harbor Law. Those relevant to our study area are Kashima, Hitachi, OQarai
and Naka in Ibaraki Pref., Chiba and Kisarazu in Chiba Pref., Keihin span-
ning across the border between Tokyo and Kanagawa, and Yokosuka in Kanagawa
Pref. Among them, Chiba and Keihin are the specially designated ones. For
convenience sake, the distances to the ports are assumed to be equal to
those to Lhe centroids of zones where respective ports are located.
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where the zone identifiers ¢ are omitted for simplicity. According to the

)

] ! "
Berkson's method, the log-sum variable in the above expression can be
eliminated by arbitrarily regarding one of the functions as the reference.
Suppose the one corresponding to the reservational uses (i=0) is employed

as the reference. Then we have

log Py log B Ji - ?0. (6.8)
When all the bid price functions ?i (i20) are linear and explained by a
common set of variables, a simple log-linear regression may enable us to

determine the bid price functions independently of other activities.

However, the second requiremenl can hardly be accepted particularly when

the alternatives are the activities rather than the zones. And even when
we accept such restrictive formulations, there would still remain an
12)

identification problem concerning the reference bid price function ?0
unless the reservational uses are assumed to play no active role, viz.
?050. On the contrary, we here assume that those uses would also claim
some bid price to surrender the land, and this makes the expressions for
all the locating activities be interconnected through WG. In addition, as
each bid price function includes a distance decay parameter ﬁi' the expres-
sion as a whole becomes nonlinear by nature. Accordingly, even with the
log-linear convention, the procedure to estimate all the parameters associ-
ated with eq.(6.8) would become a simultaneous nonlinear regression in the
sense that the parameters relevant to ?0 must be determined simultanecusly
across all of the 34 renditions of eq.(6.8), and each expression is subject
to a nonlinear regression.

From the dynamic theory of land use, the reservational land price P at
the turning point in terms of the landowner's portfolic, whether to sell
the lot, is given by P=P/y provided that the discount rate is fixed at

13)

' Since such an expression is unstable with the change in the discount

rate, it would be practically necessary to introduce the land price in the
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previous period VL?I. which may be regarded as the price quoted for such
transactions, to the reservational bid price. Then
v = 4 VL8 a1, (VL)
might serve as its candidale, where bVLc* denotes the expected increase in
the land price. Alternatively, when we assume that the discount rate to
the land price depends on the scarcity of land, as being represented by the
inhabitable land LFC. we might have another candidate,
. AOVLflfLFC)’ll.

However, as none of these expressions are successful in bringing the
significant parameter estimates, we simply assume that the reservational

bid price is proportional to VIS viz.

-17

gg = IVL_ (6.9)

T
Given the parameter 1 contained in eq.(6.9) and the distance decay

parameters ﬂi. the remaining linear parameters 2, can be determined

through the individualistic log-linear regressions for respective activi-

ties. Accordingly, it is possible to determine all the parameters relevant

to eq.(6.6) through an iterative procedure summarized below.

o) Arbitrarily determine the initial values of Bi and 1.

i) Given these 3i and 1, calculate the linear parameters L log-linearly

k
from eq.(6.8), and obtain the error associated with the j-th observation.
S = = =
Ty (log ;- log o + ¥ (1)) Pi(ﬁilﬁi).
where L is a vector consisting of the linear parameters.
ii) Solve the unconstrained nonlinear minimization problem concerning the

sum of squared errors (SSE),

min SSE. = r'r, (6.10)
ﬁirl

where r is the column vector of Ly based on “ik‘
iii) Repeat steps i) and ii) until the convergence criterion for the non-
linear parameters, ﬁi and 1, is met.

In the present study, the number of observations may differ across the

activities, i = 1, ..., m, due to the data limitations; the full set of

106

data corresponding to the manufacturing sector have been compiled for Tokyo
and two prefectures facing Tokyvo Bay, for instance. Thus the dimension of
the error vector r is ruled by the number of effective observations n,.

ph= (p

117 “nr Pig IPoqe wess By | sve Iy woey 1o 05
1 2 m

Meanwhile, the problem (6.10) corresponds to the OLS estimation in the case
of nonlinear simultaneous regressions. In general, it is possible to use a
quadratic form, SSE = r'kr based on an appropriate weight matrix W,
instead. However, there will be another question as to how such weights
can be determined in practlce.n3
Despite its simultaneous nature, only a weak interdependency across
the activities can be found in the problem (6.10) in the sense that each
activity is merely interconnected through the parameter 1 of the reserva-
tional bid price. Taking advantage of this observation, the variables
relevant to each activity are selected independently with the nonlinear
parameters determined in (6.10) being fixed. Selection procedure is based
on the nonlinear regressions for all the meaningful combinations of three
variables or less drawn from the variable pool comprising the 17 variables
listed in the previous subsection, where the following rules are employed
to determine the actual bid price functions.
i) To qualify as a candidate function, all of its parameters must satisfy
the sign requirements, which are deduced from the economic implications,
and be found gignificant at the 10 % level. Among those candidates, the
one which demonstrates Lhe highest R-square would be the primal choice.
ii) If the model containing AX+Y as one of the variables is acceptable, it
may become the choice provided that the differences in R-squares are less
than 1 % as compared with those containing either AX or Y instead.

iii) In non-manufacturing sectors other than Sector 13 (Far-flung

113. There are some alternative ways to determine the weight matrix P, For
example, the procedure SYSNLIN in the statistical package SAS/ETS prepares
a number of options for this purpose (see Table 21.2 in the procedure

description}.14)
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transportation), the model must reflect one of such potentials, viz. A, Y,

AX+Y, VA, N, E, or EU, that can be regarded to represent the demand-side

requirements to some extent.

iv) The potential E33 will not be used to explain locations of the R-level

the model containing EP will be

For the P-level activities,
chosen when the difference in the R-squares between tLhe models containing

activities,

5'33 and EP is less than 1 %.

v) Regarding the local activities other than those classified as transport-

the port accessibility TP is

communication or supply-dispose industries,

precluded from our consideration.

vi) The potential E”, will not be used in conjunction with the C-level and

residential activities.

ipuadal

.

The models finally selected through the above rules are summarized in

6.2.5. Estimated bid price functions

As the reserva-

the parameters and their (-
114

including the variables chosen,
values, the R-squares for the log-linear regressions (6.8), along with the

distance decay ratios and their asymptotic t-values.

Table 6.3,

(6.9)°

1

c
is calculated as the posterior land price based on the popula-

-.0002279VL

C
‘O

tional bid price, we have

(7.88)

=1

tion and employment densities as to be discussed in Section 6.6.

c

where VL

It might

be felt somewhat strange that the reservational bid price becomes negative.

Accordingly, the

the rough estimations have
as the land use data are

computations are based upon 190 observations (38 zones over five years) in

only been compiled for the C-level zones in Saitama Pref.
the manufacturing sectors (03-10).

t14. Regarding the manufacturing census data,

In addition,

not available in Zone 410 (Chichibu) except for transport and residential

uses, the results for the non-transport and non-residential activities are

based upon 235 observations (47 zones over five years).

The full set of

data with 240 observations have been available only to Sectors 13, 21 and

22 along with the residential locators (H1-H6).

The nonlinear least squares problem (6.10) has been solved through a

Fortran SSL package program called DMINFl, which is based upon the quasi-

15)

Newton method.
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This relates to the discriminant nature of the bid prices in our study,
where an activity must present a higher bid in order to occupy a larger
portion of land. Namely, the share of the agricultural land tends to be
lower wherever the higher land prices are nbserved.“5
As discussed in Chapter 2, it is possible to calculate the shift

parameters 8 in eq.(2.3) to make these discriminant bid land prices
compatible with the land prices observed. Figure 6.3 summarizes the rela-
tionship between the adjusted bid priées. G? H ?? + Bc, and the location

probabilities n?. The horizontal and vertical line segments represent the

twice of the standard deviations of ¢ - VLS and respectively,

pc
i 1
caleulated from the pooled data for 47 zones over 5 years, and their inter-

sections are placed to indicate their pooling averages. We can easily

confirm from the figure that these two averages are positively correlated.
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Figure 6.3. Adjusted bid prices @i and locational probabilities ﬁi‘

t15. These arguments are based upon eq.(2.1) which is derived from the 11GD
hypothesis. However, it might be possible to make the activity with a
lower average bid price outbid the ones with higher averages when we employ
a QGeneralized Extreme Value (GEV) model with diversified variance

16)

parameters.
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In particular, since agricultural land still prevails in the Southern Kanto
Region as a whole with Eo = 0.6190, its bid price dominates the average
land price VL® in most zones. Similarly, H1 (Single-unit owned houses)
represents the highest bid prices among urban activities with its ubiqui-
tous nature, which is followed by Sector 33 (Community services of C-
level). This can be seen from the fact that the services provided by the
latter sector, such as elementary schools, must exist in every community
regardless of land prices. On the contrary, the sectors which might be
expected to present higher bids, such as Sector 18 (Clerical business),
tend to present the modest ones on the average. As a matter of facl, Lheir
bids to the parcels they locate would be among the highest, but this does
not necessarily imply that they could present higher bids to the aggrega-

tive zones since the lots suitable to their locations are rather limited.

6.2.6. Non-land stock increments
Once the bid price functions are estimated, we can calculate the land

acquired by each activity AL? from eq.(2.7b) along with the land reserved
for the non-urban usages Lg.

ST = o{LAD and L] = LA® = rLADC. (6.11)
Then the next task is to calculate the location entities attached to Lhe
land acquired. As mentioned in Section 6.1, such entities are the
increases in assets for manufacturing sectors, and the housing units to be
built for residential ones. While the number of employees are regarded as
the entities in the rest of the sectors, the employment in an activity may
easily fluctuate with the economic circumstances even if there is no change
in the amount of land occupied by that activity. And this is the reason
why we recalculate the entire employments in the stoeck accounting submodel
to be discussed in the next section.

The zonal inereases in manufacturing assets ﬁKE are calculated by

distributing their regional values dKi determined through eq.(5.9) in the
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regional frame model. Such distributions are made in accordance with the

values of the linear regression formulas, whose explanatory variables are

chosen from the land acquired &L?. the expected asset increase based on the
past records, (K?(_I}/L?(_l))ﬁL§. the investments to maintain the existing
assets after depreciations and demolitions, (l-ﬁi)(Kg(_l)-?KT), or the term

representing Jorgenson's optimal asset, V:Ui(_l)/(1+§i). That is,

GRS G ks c c i 0 e c
. (6.12)
for example, where ﬁi is the capital depreciation rate and ‘?Ki is the

amount of assets
bles are Lo provide information for zonal distributions,

distributive measures.

removed.

Here again the hats

S ce
M(i = (M(i/EcﬂKi)ﬂ.Ki.

The zonal values are then calculated by

indieate that those varia-

or used as the

(6.13)

Table 6.4 summarizes the estimated results for the functions to pro-

vide the distributive measures for manufacturing sectors.

The fact that

the land acquisition over the Lwo-year period (M,?-}ALT(_”] replaces ﬂL? in

Table 6.4. The parameters for the manufacturing asse!l increments.
03 Food and beverages (ALS+A LS iois) (1-8 o) (K5 =3 = VES) | ¥500 -n/l7+8) | R e739
-146.12 147. 50 . 09113 01872 | (dr=110)
111 10 08 4.8 2.42
0
i Textile aLt (1-8 O (K5 s~ VXD [Voorens/Cr 48 1) . T403
83,644 41,703 . 09935 03238 (149)
418 3.66 5. 66 3.00
5
05 ¥ooden and paper S A e RS (-6 ) (X} oqy-915) L8154
products 123.23 .28018 R (148)
152 2. 89 19. 51
08 Pri d pub-
e = 75 ¥Sozicinsly %85 01
lishing  =155.62 363. 08 04940 (149)
0.61 300 12.92
Y1 -Chomtonl Broduots |} pgs TS ey MATSRRES 1 | K-8 0088 coiy =W - 8588
464,20 .11008 . 12929 (111)
1.06 3. 46 14.20
PN Naak probesss (ALSHALS oy) (1-6 ) (K5 =gy VL) 201
21,211 113. 93 . 13250 (1)
0.01 374 5.13
08 M
achinery | M L RIBRT 5 52 R ol (RS- ST T S -853)
-125.33 45019 L 15662
0.17 5. 81 .M s
I Othor mansfactariag | ye e tai$eats o) G- oat =13=9I5) 2319
144, 44 .21253 S27116 (1
1. 10 2.6 15. 54

Notes: Each cell In columns 2 to {4 above carries the kind of variable, paraseter value, and its t-value froa

top to bottoa.

of freedom are given In the last one.

Yeo. 7 and & denote the operating surplus, the official discount and depreciation rates. respectively.
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Likevise the first column correponds to the intercepts while R-squares and the degrees

14

some seclors corresponds to possible delays in construclions. 18 AS we
observe from the table, the regression results are generally good with the
R-squares (adjusted for the degrees of freedom) ranging from 0.74 to 0.87,
except for Sector 08 (Metal products).

While the manufacturing assets are obtained through the distributive
models, the zonal housing constructions are calculated directly from the
land acquired. This stems from the fact that the regional frame model only
determines the housing investments, but not the housing units to be built
in the Region. Although we deal with the housing types in six categories,
we have prepared only two formulas, on the ground of their building Lypes,
in order to maintain their statistical significance.

(Single-family units; h = H1,H2,H3)

wHE = 3.3368(aL5) 004 (vi® )0-3335 520 g0qy,
(6.58) M (42.54) 1 (18.28) d=189. (6. 14a)
(Multi-family units; h = H4,H5,H6)
sy = 40.71004.8) 0% (yr )0-2T1T 52,5 gqqg,
(214.0) ™ (653.4) ! (89.89) dr=189. (6. 14b)

It must be noted that the above parameters are estimated log-linearly using
the data aggregated into two categories, but the values for six categories

will be predicted separately in actual simulations.

6.3. The Stock Accounting Submodel
With the land aecquired ALT, and associated stock increments in terms
of manufacturing assets ﬁK? and housing units EHE being determined Lhrough

the previous subsection, we here calculate the existing amount of land,

2 ; 4 e e c
manufacturing assets and housing units, Li' hi and Hh'

(o

oot _ w8y i
Ly = Lie.qy~ Vgt AL, (6.15a)

f16. By the same reasoning as in Footnote 14 above, the parameters are
primarily estimated with the data set comprising 38 zones excluding Saitama
Pref. over 4 years. However, for those sectors where the land acquisition
over the two-year period is employed, the number of effective years of

observations will decrease to 3 years.
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K? = (1-8; )(h - 1}-?K?) + axf. (6.15b)
c-
HE = uj(_}} vnh+ i vt (6.15¢)

where the present values are calculated from those in the previous period
by subtracting demolitions and adding increments. Incidentally, assets
corresponding to the capital depreciations must also be subtracted from the
surviving assels for manufacturing sectors.

The major role of this submodel is to translate the existing amounts
of land and manufacturing assets into‘the numbers of employees E? in the
present period. However, the employments in the non-basie sectors, which
are defined as the ones not consuming urban land, are excluded here from
our considerations as they are the subject in the auxiliary location sub-
model. In this case, the models also become distributive by nature since
we can expect the control totals to the regional frame model, in the form
of regional employments.

In manufacturing sectors, the distributions are made in accordance

with the following formula.

c

vlll( 1) 391( 1)y~85

)22
1( 1) 1(—!)

where V41 and V39i represent the depreciations of fixed capital and com-

= 8 {K ) L(

(6.16)

pensations to employees in the sector, respectively. This expression can
be obtained through a similar argument as we have derived the expression
for the regional employments (5.22), i.e., both are derived from the first-
order condition to the producer's problem under a production function of
the Cobb-Douglas type. Besides the difference that eq.(5.22) has a log-
linear form, eq.(5.18) explicitly includes the capital stock K, which is
available to the manufacturing sectors, and keeps the capital rent r in the
form of Y4Ii(-1]/Ki[-I]' which represents the cost paid for depreciating
the existing assets in the previous period. The parameters associated with
117

eq.(B6.16) are estimated log-linearly, and summarized in Table 6.5.

On the other hand, the emplovments in non-manufacturing sectors are
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Table 6.5. Estimated parameters for employments
in manufacturing sectors.

B B B2 B3 R2
og | 4120 | .s432 | .8654 | .9057 [ .9602
10.85 | 69.70 | 18.65| 30.12 | (206)
ol 5.447 | .9607 | .7410| .7599 | .9133
9.76 | 46.10 | 10.19| 12.83 | (206)
o8 3.740 | .9529 | .8347 | .a3809 | .9741
15.14 | 88.58 | 25.66 | 28.06 | (206)
o 5.919 | .9381 | .8265| .6670 | .9710
14.87 | 73.98 | 14.28 | 14.85 | (206)
ot 1,668 | .9171 | .8204 | .8716 | .9641
5.12 | 74.30 | 22.07| 38.74| (2086)
08 3.274 | .9388 | .9387 | .8199 | .9505
9,51 | 62.45| 18.77| 16.70 | (206)
o 3.260 | .9846 | .8404 | .9688 | .9882
14.26 | 123.0 | 26.64 | 31.43| (206)
i 3.322 | .9748 | .9030 | .9951 | .09825
15.99 | 107.6 | 35.55| 27.44 | (208)

Note: t-values are shown below each parameter, and
K% is the determination coefficient adjusted
for the degree of freedom, which is shown
within parentheses.

distributed in accordance with the values of the following formula.

?Lc

= 5 + EIEI( l)(1 — )+ § VL ﬁL
1( 1)

where the term associating EJ corresponds to the past employment records to

)

0 (6.17)

be expected with the employments removed by demolition being subtracted
proportionally. While the removal of employments is considered at the
average rate between the existing employees and land occupied in the previ-
ous period, the employments attached to the newly acquired land is assumed
to be affected by its property values, evaluated at the posterior land
prices VLEI. These arguments reflect the facts, on one hand that it is

impossible to follow the histories of each lot in macro simulations, and on

117. Here again, the C-level zones in Saitama Pref. are excluded from the
data. 1In return, Saitama as well as the northern three prefectures are
regarded as to constitute the P-level zones by themselves, and this makes
the effective data for tLhe calculaLlons of Table 6.5 include 2]0 observa-
tions comprising 42 zones over 5 years.
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the other that the high floor-to-area ratios are likely with the increase
in land prices, resulting in high employment densities. Meanwhile, a
formula alternative to eq.(6.17) is used in conjunction with Sectors 13, 17

and 33 to improve its explanatory power.

5 e
gt c 3 i c c (B
P {ﬁ0+ ﬁlEi(_l)(l ZE————)+ ﬁzﬁLi}(VL_l) 3, (6.18)
i(-1)

whose parameters are estimated through non-linear regressions.
Table 6.6 summarizes the parameters associated with employment distri-

butions in non-manufacturing sectors, from which we observe the extremely

-

high values of R-squares, which are adjusted for the degrees of freedom

f18

whenever linear regressions apply. This could be understood from the

fact that the expressions (6.17) and (6.18) both refleect the numbers of

Table 6.6. Estimated parameters for employments in non-manufacturing sectors.

Bo B B2 B R2 Ba B 1 B2 Ba R?2
yp | 75208 | 1.006 | .1748 . 9998 gq | 187-8 | .9983 | L1834 .9939
6.81 882.1 | 52.53 (188) 10.54 | 1222. | 17.20 (188)
" -6.682 | .6857| 21.77| .0547 | .9967 2% 487.4 | 1.011 | .1419 . 9995
0.217 16.80 | 18.71 ] 7.94 (188) TadZ 156.8 | 8.13 (188)
0 225.4 | .9996 | .2361 1.000 g5 | 3%-96| .9986 [ .2105 1. 000
9. 98 1901, | 86.94 (188) 10. 69 [ 1697. | 33.13 (188)
8 2.332 | .9998( .0392 1.000 . 10.86 | .9989 | .0413 1. 000
1. 87 3966. | 139.7 (185) 3.16 2606. | 138.7 (188)
n -25.34 | .7804 | 21.32 | .0366 | .9998 5 -, 3231 .9999 | .o0441 1. 000
215 47.50 | 38.95| 15.84 | (184) 0.50 9749. | 129.5 (188)
o 81.63 | 1.004 | .1438 1.000 60 319.4 | .9997 | .3306 . 9997
2. 15 909.4 | 69.36 (185) 5.52 701.6 | 152.5 (188)
19 -1.771 | 1.004 | .1485 1.000 55 387.7 | .9940 | .3251 .9933
5. 171 2196. | 70.04 (188) 9.48 148.5 | 17.98 (185)
21 28.87 | 1.000| .0289 . 9999 qg | 7935 | .9096 | 22.58 [ .0150 [ .9999
4. 20 1220, | 46.84 (189) 3.50 LY.z | 30see | aalles | (s
% 69.72 | .9968 | .0399 . 9998 3 L5566 | .9998 | .0424 1. 000
.73 1196. | 57.82 (189) 1.49 gade. || 5% (185)
23 15.07 | .§999 | .2397 1.000 35 -7.434 | 1.005 | .1588 . 9999
§.62 2500. [ 32.79 (185) 6.54 1278. | 95.95 (188)

Notes: t-values are shown below each parameter, and K%' s are the determination coefficients
adjusted for the degrees of freedom, which are given within parentheses

For sectors 13, 17 and 33, the SSR/SST values and the asymptotic t-values replace then.

tIB. Since both egs.(6.17) and (6.18) contain lagged variables, Table 6.6
is based'on up to 192 observations comprising 48 zones in the Southern
Kanto Region over 4 years, out of which those lacked in land area data are

dropped. In the sectors to which eq.(6.18) applies, the SSR/SST values are
shown in place of R-squares due to its nonlinearlity.
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employees in the previous period as one of the explanalory variables, which
are so definitive in determining those in the succeeding period, particu-
larly when the simulation cyecle is merely a year. Nevertheless, il is

noteworthy thal this would not ruin the significance of other variables.

6.4. The Auxiliary Location Submodel

The variables to be distributed through this submodel can be
classified into two categories, viz. (a) the capital formations other than
manufacturing and (b) the employments in Lhe non-basic sectors, each of

which will be discussed in the succeeding subsections.

6.4.1. Non-manufacturing capital formations

i) Non-manufacturing, non-housing capital formation ﬁKN: With the pgovern-
ment capital formations considered separately, this category corresponds Lo
the investments made by all the industrial activities exceplL for manufac-
turing and government services (Sectors 03 through 10, 17, 29 and 34).
Naturally, it is impossible to disregard the public sector as a major
supplier of community services, but it must be noted that most of such
services can also be supplied by the private sector. Accordingly, we here
consider that the investments associated with community services constitute
some parts of &KN, whose distributive measure is given by

8K = 33415 + 0.1917vLE, 4L + 0.4800vVC R°= 0.9340,  (6.19)

¥ (a8 (1) N gy R aporeg,

where the subscript N identifies Lhap the variable is summed up over the 24
sectors relevant to this category. Eq.(6.19) implies that the amount to be
invested would increase wherever the property values of acquired land is
high or the operational surpluses are relatively abundant.

ii) Housing investments IR, IGR: We have two formulas depending on whether
funding is provided by the private or public sectors. The distributive
measure for the private investment reflects the numbers of newly construct-

ed housing units along with that of existing units.
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IR® = 4286 + 7.0720Hg + 5.8864Hy + 0.0377HC,, R%= 0.9715, (6.20)
(4.54) (34.2) (19.4) ©  (3.62) df=251,

where the subseripts § and M indicate the single-unit and multi-unit
houses, respectively, and the last term is expected to represent the main-
tenance costs.

While the categorization of housing construction by building types
brings a better resull concerning the private investment, that by housing
tenures is emploved for the investmen£ by the public sector. This stems
from the fact that most of the public housing is provided as the multi-

unit houses, Namely,

IGR® = -14.99 + 0.32626H8 + o.aaoqaag + 2.8361H7, %= 0.6916, (6.21)
(0.07) (8.68) (8.88) (5.39) df=302,
where Lhe subseripts 0, R and I indicate the owned, rented and issued

units, respectively.

As the above regressions do not involve variables concerning the land
use, we might use the full 51 zones, including the northern three prefec-
tures, as the effective observations. These observaltions have been pooled
over the maximum possible years given the lagged variables, and this prac-
tice will be maintained whenever it is possible hereafter.

iii) Government capital formation except housing IG: The distributive

measure for this item is given by the following formula.

16 = 17391 + 0.6945PVAS + 0.0692NC + 155458D R%= 0.8466, (6.22)

(4,49) (21.6) © (12.8) L (13.0) 7% de=gsi,

where D1—3 is the dummy variable applicable to the northern three prefec-
tures, and P\-'A_l is the potential variable concerning the zonal value added

in the previous period defined by

L T

pvgf = EC,VAc_iexp(“O.SZBZTFCQ )y

1
whose parameters are determined simultaneously with the linear parameters

-
through an iterative procedure.'lg

18

6.4.2. Non-basic employments

As mentioned in Section 6.2, what we need to determine here are the
zonal employments in industrial activities which are not classified as the
locating ones. Namely the distributive measures for employmenls in the
non-urban activities as well as those in construction sectors are to be
formulated. The former category includes Sectors 01 and 02, each of which
is formulated with a potential variable.

(01 Agriculture, forestry and fisheries)

PEU®
E] = 1.0241(ET(_l))o‘ggasc———z—)'z'zos. R%= 0.9995, (6.23)
PEUZ,
: : (1.43) (663) (1.99)  df=252,
02 Mining
. PIRR®
By = 1.0857(s5,_; )0 98— 0832 g2 g.9753, (6.24)
PIRRS,
(2.01) (99.7) (1.90)  df=252,

where the parameters are estimated log-linearly, and PEU and PIRR are the
potential variables reflecting the zonal accessibilities to urban employees
and the housing investments, given respectively by the following formulas.
PEU® = xc.EUC'exp(~n.00941TM°c'),
PIRR® = zc,(IRC'+IGR°')exp(-o.ozlsTFCC').
The fact that PEU is negatively correlated with E] can easily be understood
as the conversion of agricultural land to urban usages would be accelerated
by the existence of urban employees. And the reason why the housing

-

investments explain E, is that produets of mining in our study area mostly

2
come from quarrying as construction materials, and the industrial invest-
ments are not necessarily connected with constructions.

Next we proceed to the formulations of the distributive measures

associated with employments in construetion sectors.

f19. Similarly as in the case of estimating the distance decay parameters
in the bid price funclions, an unconstrained nonlinear problem to minimize
the sum of squared errors from the log-linear regression is solved to
determine the parameter included in the potential variable. This argument
also applies Lo the potential variables which appear in the .next sub-
section,
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(12 Non-residential building)

E‘;z = 13+ 0,91253_‘;2(_1)+ 0.00224(1F%+1G6°%), R 0.9448, (6.25)
{007y (23:3) (2593) df=207,
where IF = E}gsﬁKi+ AKN is the total non-housing investment by the private
sector, and IG is its public counterpart, and the degree of freedom
indicates that Saitama Pref. as a whole is regarded as an observation.
This formula considers the financial sources of non-residential building

constructions, and the similar argument applies to the rest of the construc-

tion sectors.

(20 Residential building) ~
Egg = -175.2 + 0.8444EG, _ \+ 0.01561R® + 0.19611GR°, R%= 0.9608, (6.26)
(0.84)  (35.9) (3.44) (3.62) df=251,

where IR and IGR are combined to represent the gross budget to finance
residential constructions. Meanwhile, it is statistically impossible to
classify the employees engaged in public works into the three jurisdic-
tional levels which finance the respective projects. Accordingly, we here
consider these employees as being associated with a combined sector of
public works as a convention.

(C Public works combined)

Eg = -148.7 + 0.8109Eg(_1)+ 0.004421F° + 0.012016°, R%= 0.9567, (6.27)
(0.58)  (21.6) (1.87) (3.50) df=206,

where Ec denotes the number of combined employees in Sectors 15, 27 and 32.

6.5. The Commuting Distribution Submodel
6.5.1. Basic concepts of residential location
With the numbers of employees in all the sectors being determined

through the preceding discussions, we now allocate them to the housing
units calculated in Section 6.3. Recalling that the major focus of this
study does lie upon developing a comprehensive metropolitan model, rather
than a detailed residential location model, the calculation of commuting OD
distributions by means of a constrained gravity model suffices what we

expect Trom this submodel. This can be explained as follows.

120

i) In the presenL model, stock allocation is said to be dominating in the
sense that the land use configurations are first determined through the
locational competition based on the bid prices. It is a common practice in
the dynamic residential location models that the totally myopic behavior is
assumed for the households as Lhe tenants to the housing units while the
perfect foresight about the future renter-time sequenices is assumed for the

developers who provide these units,120?17)

This is partly because the
costs born by households due to moving is much less than those associated
with redevelopment of the site. In fact, if a developer is rational enough
to build the housing stocks based on the accurate knowledge aboul house-
hold's behavior, it would be possible to regard the household's behavior as
being subordinate to the developer's one. Further, if the model is aimed
at describing the physical land use in the metropolitan area, the descrip-
tion about the histories of households in terms of changes in dwellings is
not of our primary interest for the purpose.

ii) When we deal with the locations of housing stocks and their tenants
independently, it is possible to analyze the generation of vacant houses as
a result of disequilibrium in the housing market. Incidentally, the rele-
vanl data are compiled mainly from the Population Census which is based on

5)

surveys conducted concerning households. This implies that the wvacancy

predicted by the model based on such data must be understood as a kind of
120

model errors.

Finally it must be noted that we do not explieitly consider the types

120. Although the housing stocks are explicitly considered in seven oul of

nine ISGLUTI modelsla), only AMERSFOORT, DORTMUND, LILT and MEP consider

the allocations of housing stocks and population through separate mecha-
nisms. To explicitly consider the housing market, the dependable data on
housing stocks are indispensable, and the Housing Survey or the Statistical
Survey on Building Construction are expected to provide such information.
However, the fact that the former survey is conducted concerning the exist-
ing households and that the latter survey seems not paying much attention
on the usages of the buildings after construction, they both fail to pro-
vide independent data concerning housing stocks.
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of households in our study, and this is equivalent to assume a one-to-one
correspondence between households and housing types. That is, households
who reside in the single-unit owned houses are considered to constitute a

class by themselves.

6.5.2. Commuting 0D distributions
Suppose the number of employees who work in zone r and reside in

houses of type h in zone s is denoted by Fh , and its marginal distribu-

I rs 5 rs

tions are denoted by E, = I E and E, = § E ~, respectively. Then the
I s h h rh
doubly constrained gravity model suggests that the description for EES is
given by the following Formula.lg)
_g. b
ChDhFh E exp( uhTJ ) 1 (6.28)

where CE and DE are the adjustment constants associated with the job and
residential sites, respectively. The distance decay parameters Eh relevant
Lo each housing type are calculated for the two census years, 1975 and 80,
and summarized in Table 6.7. With ﬁh being interpolated linearly for years
inbetween, the probabilily to choose each housing Lype is calculated at the
place of work in accordance with the accessibility to houses of each type.
i 0, [3_Hexp(-8, ™ ) ]"h
DL 2 e hS : rs, .1 (6.29)
Ih.ﬂh.IESHh.exp(—Eh.TM )J1'h!

The parameters {uh} and {1h} are estimated through a nonlinear simultaneous

regression (0LS), and summarized in Table 6.8.

In practice, the housing demands in terms of employvees at each job

Table 6.7. Distance decay parameters by housing types.

Single-unit houses Multi-unit houses
Qwned Rented Issued Owned Rented I'ssued
1975 . 06342 06422 06614 06579 . 06368 .06529
(2493) (2222) (1650) (1686) (2136) (18085)
1980 06112 .0618% 06365 . 06321 L06162 .06305
(2556) (2314) (1718) (1835) (22186) (1859)

Note: The numbers in parentheses indicate the numbers of non-zero
observations out of 2601(=51x51) elements of the commuting matrix.
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Table 6.8. Paremeters for the housing type selection probabilities.

ay Tn B2 (8 7h R2
Single-unit XL 1.2217 L8920 | Multi-unit 0.1221 . 4355 . 8630
owned fixed | (29.0) owned (2.50) {31.8)
Single-unit 0582 | 1. 2438 L8782 | Multi-unit 0.0628 | 1.428) . 8998
rented (5 89) | (33.6) rented (2.60) | (44.5)
single-unit .0352 | 1.237138 L6912 | Multi-unit 0.4827 | 1.3229 . T936
issued (3 64) | (25.9) issued (2.84) | (32.4)

"Note: Asymptotic t-values are shown within parentheses, where the degree of
freedom for each housing type is fixed at 100.

site are first divided into housing types they reside in using E;' pEEr.
For simplicity, we introduce the following assumption.

Assumption 6.1. The number of employees in each houschold does not vary
across zones given a housing type.

Then the division of demands to the housing types at the residential site

is definitionally given by

*S

h

Incorporating the demands at both job and residential sites obtained above

E

(Hg/ESHE)EPE;'. (6.30)

into eq.(6.28), we can readily compute the commuting OD distributions.

Once the numbers of employees are obtained at the places of resi-
dences, the population accompanied with these employees can easily be
calculated under the above assumption. Namely, the distributive measure
for the zonal population is given by .

N® = 1.307(3.340E," + 4.265E;° + 5.1228;%) (VL2 ) ™0 1243, ssr/ser= 0.9982,
(6.06)(6.10) (5.89) (w) (9.78) df=92, (6.31)

where the employees are categorized by the tenures of houses they live in
with the subscripts 0, R and I denoting the number of employees residing in
the owned, rented and issued houses, respectively. As the nonlinear
regression is required to estimate the parameters, the asymptotic t-values
are shown within parentheses. The fact that the land price VL is nega-
tively correlated with the population can be explained by the fact that the
more family nuclei ecan be found where high land prices are observed, and

it is more likely to bring high percentages of employment.
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6.6. The Demolition Submodel
6.6.1. The posterior land price function
The land prices are obtalned as a consequence of locational competi-

tion in the period. Hence, we calculate the posterior land prices at the
end of each simulation cycle as mentioned earlier, and forward them to the
succeeding period as one of the major locational information. Yamada et
al. have found from the cross-sectional data in 1968 that the populalion
densities could well explain the average land prices at the zones compara-
ble to our C-level zonas.zo) While their results were based on the loan
records of the Housing Loan Corporation, the most extensive sets of land
price data are available in Public Notification of Land Prices. As the
density-type land price function has also been found effective with these

21)

data at least cross-sectional applications are concerned, we here com-

bine the average annual price increase rate with the density-type function
t21

to calculate the posterior land prices.

vi® = 1.082879(231.6 + 4.226(NS/LFC)+ 12.66(EUS/LF®)}, SSR/SST= 0.9841,
(236.1)  (8.83) (14.6) (61.5) df=284,  (6.32)

where 8.28 % is the annual price increase rate as compared with the 1975
prices during our study period. The densities in eq.(6.32) are based on
the inhabitable land, and the employments in urban activities are used to

express the price segments accrued from non-residential usages.

6.6.2. Demolition probabilities
In the case of location probabilities, we employed the multinomial
logit model to describe competitions among locating activities. Despite

the fact that demolitions are also resulted from such competitions, the

f21. Since the notifications are made as of January 1 each year, these data
are used to calculate the posterior land prices in the previous year.
Meanwhile, the density-type function has also been proved effective to
predict land prices in a disaggregative context, viz. at each notification
point. This can be done by regarding the portion of the land price ex-
plained by zonal densities as the base price in the zone, whiech is then

adjusted by the hedonic measures at each point.zz)
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causalities due to locations of other activities seem relatively weak in
the sense Lhat the inlernal causes and the general circumstances are the
key factors to determine demolilions. Hence, we formulate the demolition
probabilities through binary logit models independently of other activi-
ties. Meanwhile, it is possible to define the probabilities either in
terms of existing amount of land in the previous period, ?L?(L}IL?(L-IJ, or
of the location entities, e.g. VK‘;{L)/K?(L-I) for manufacturing assels,
where the latter approach is employed by the following reasoning. Nanely,
i) the land area data are less reliable as compared with those concefning
location entities in the sense that the former are estimated through com-
plicated data processing as discussed in Section 6.1. In addition, ii) we
are obliged to regard the land areas released by demolitions as being
proportional to the associating entities since it is impossible to follow
the histories of constructions on the basis of aggregate zones.

As the changes in employments are available in the form of net
increases, we consider that the demolitions are present only when the net
decreases are observed for the non-manufacturing sectors whose entities are
the employees. That is, the demolition probability r?(L) is given by

1$(8) = ~min(ES(4)-ES(t-1),0)/ES (t-1). (6.33)
It must be noted that the decrease in employments does not necessarily
entail the release of land while the latter necessarily results in the
former. And this is one of the reasons why the total employments are
calculated in the stock accounting submodel in each simulation ecyecle.

In addition, the actual simulations require us to calculate the land
areas released from removal of entities. In this regard, we identify the
demolition probabilities in terms of land area with those of location
entities despite their definition as above. Accordingly, when we denote
the demolition probability based on entities by x(;. the land attached to
that demolition T'Lc;(t) is simply defined as

c = 6 Crg .
VLi(t) = vi(t}Li{L 1). (6.34)
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Similarly as in the case of location probabilities, the demolition
probability is then defined by a binary logit funetion based on the demoli-

tion scores Qci in place of the bid prices.

v? = 146L * exp(-ﬂ?)). (6.35)
where ﬂ? is given by a linear function of the demolition factors X?k,
o - o
B¢ = T4 * By (6.36)

6.6.3, The demolition factors

We consider the following twelve factors as being relevant to demoli-
tions, where the superscripls ¢ to indicate zones are omitted.
(a) The indices related to land areas and land prices: The vacant land
ratio, LA_]/LF. the relative difference between the zonal land price and
the regional average VLR. {VL‘VLR)_I/VLEI. the relative difference between
the land area which the concerned activity is expected to occupy in terms
of the stock probability ¢, and the actual one, (piLF—Ll)_[/Li(_l). and the
relative productivity per unit land of the activity as compared with the
average one, (VAi/LiJ~1/(VA/L]-I'
(b) Increase rates in employments and population: The increase rate in non-
manufacturing basic employments, dEB_l/EB_Z, and the one in population,
ﬁN_I/N_z.
(¢) Increase rates in productions and values added: The increase rate in
production, ﬁxi(—i)/xi(-z}' the one in value added, bVAit_l}/Vﬁi(_z), and
its regional counterpart, Avaf(_l)/vag(_zj. to represent whether the activ-
ity is in the growing or declining phase on the average.
(d) Increase or decrease rates in location entities: The demolition ratio
in terms of entities in the previous period, e.g. (?Ki/Ki}_l, the propor-
tion of newly added amount of entities to the existing one, e.g.
(AKi/Ki}_l, and the ratio between the net inerease and the stock, e.g.
{axi'?Ki)-l/Ki(wl}‘

In the above, Lhe basic activities refer to those subject to the
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location and demolition analyses, viz. the locating activities, as men-
tioned in Secltion 6.2. Thus when we denote the set of manufacturing
activities by M, the non-manufacturing basic employment is defined as EB®
= EiEB\M E? using the set of locating activities B other than residential
ones. Similarly, the denominator of the "relative productivity" is calcu-
lated for those activities, viz. VAc/Lc = ZieBVA? /EiEBL?. Meanwhile, the
factors in (d) are the inertial terms to represent the local Lrends of the
acltivities in the forms of either net increase or the pair comprising gross
increase and decrease. Note again that when the employments are the loca-
tion entity, ﬁE? and VE? of the latter form must be replaced by max(E?(t)
-E?(_l),ﬁ) and ~min(E?(t)-E?(“1),0), respectively, while the net increase

is denoted by DE? = aE?-vEf.

6.6.4. Estimated demolition scores
To determine the parameters in eq.(6.36), il is necessary Lo regress

eq.(6.35) nonlinearly by incorporating the former. While the numbers of
observations available for the purpose are ranging from 38 to 47 zones over
the four year period, it seems almost impossible to obtain stable
estimators from them on the activity basis due to the discrete nature of
demolitions. And this is the reason why we estimate the parameters for
seven categories shown in column DM of Table 6.1. Nevertheless, it has
been proved necessary to estimate parameters by taking moving averages of
the variables in both sides of eq.(6.35) for category M, the manufacturing
sectors, as the estimation based on the raw data carries unstable results,
In such a case, the years of effective observations are Lo be reduced Lo
three years. It must be noted, however, the demolition probabilities are
caleulated for individual aectivities using the parameters of the category
to which they belong. The functional forms of the demolition scores along
with their parameters are summarized in Table 6.9. As seen from the table,

the explanatory variables are selected from those representing relative

127



Table 6.9, The estimated functions of demolition scores and probabilities.

Manulacturing r1=?Kl/Ki(_” SSR/SST=0.4695 df=107
vi-vi® BB, ¢ AN WALy VA /L, ,
0 =-3.90040.0530( ) =5.505——% 210, 95— -3; 455——- 00.2246(——2)  +10.19(—%)
i R 3 i
bl EB_, N_, YAs (2] VA/L -1 K, -1
(39.3) (2.93) (2.64) (3.23) (4.03) (3.50) (6.14)
Transportation ' is=1rsi/:-:“ _y) SSR/SST=0.6320 df=183
1A Ak VE LE
0,=-3.852+0.3874 =1 _5.503 ” D y24.08(—L) -6.315(—L)

LE VA 5 -1 B. =1
(34.3) (3.08) (6.59) “ 2 t12.4y v (a08) 1
Commerecial ¥ 1=VE i/El (-1) S5R/S55T=0.5643 df=183
LA LEB VA DE “

ni=-4.115-0.9242-—“‘+2z.zs 1 45, 138—1E0) _g6.39(—1)
LF

ER VA E
(27.5) (2.68)  (2.42) % (z.91) ‘02 (5.80) !

~]

Public 1IE(/E )y SSR/SST=0.7766  df=181
R
LA VL-VL LEB
0,=-5.24140. 4496— +0.0430(—) ~3.947— -6. sso— g s.m—z +52. 52(
LE viR "o £B_, N, T E: -1
(42.2) (2.53) (2.95) (2.82) "2 (2.66) (6.40) (17.8)
ULilivy rl=?81/Bi(_1) SSR/SST=0.9409 df=181
=
LEB_ 5 LF- WA, VA /Ly
nl=-5.nzsu.saa-—l -0.8475(——1) -1.000—2CD) g ja55(— 1) 4, 930—%«‘——1 -25. 34(—)
EB_, L, -1 Wjr.s YA/L -a Wi £
(42.9)(2.53) (9.17) (3.40) (12.3) (4.24) (27.2)

Single-family llousos 'h=v“h/ﬂh(-1) S5R/SST=0.8293  df=183

LA 5, LF- TH I
8,=-4.40740. 3549—2 +0.0853(—2 L") +32.20(—2) -7.482(—2)
L¥ -4 H, - Hy -1
(65.5) (6.61) (1.97) (27.8) (5.19)

Multi-famlly Houses 'h‘?uh‘mh(—l) SSR/S5T=0.6836 df=182

vi-vi® AEB Hy ey
+6.956(—) +2.208(—)

' ) ~T1.128
LF YE== =1 EB_, “h L llh =1
(33.3) (4.44) (3.93) (5.45) (10.86) (2.94)

LA
nha-a.aazw.au&—i +0.0595(

e

-1

magnitudes to facilitate individualized applications.

The factors to be included in respective scores are selected in a
systematic way. We first formulate a score reflecting all the possible
variables, except for alternative ones, and successively drop the variables
which are associated with the smallest absolute values of the asymptotic t
statisties, until all the variables in the funection become statistically
significant. Then the function which results in the highest SSR/SST value

is selected. In particular, we do not pay specific attention to the signs
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associated with respective variables. As a matter of course, the faclors
accompanied by positive parameters will promote the demolitions, while
those with negative ones will suppress them, but interpretations of varia-

bles are generally possible in either case.
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CHAPTER 7

TEST SIMULATIONS

Having all the formulations in the metropolitan simulation model been
completed, it is now possible to execute test simulations corresponding to
the final tests in econometric models. While our model comprises three
major blocks; the regional frame, activity, and location models, the latter
two blocks are of major concern in this chapter. In practice, the tesls
are made in two phases to identify the performance of each model block; the
flow simulations where the stock variables are given exogenously, and the
total simulations to clarify the performance of the location model. The

respective results are discussed after reviewing the simulation procedures.

7.1. Simulation Procedures
While the full relationships among model blocks and subordinate sub-

models in our metropolitan model have been depicted in Figure 3.1, it might
be too complicated to understand the actual execution procedures. In this
connection, Figure 7.1 is prepared to elarify the order in whiech those
submodels are linked, although we refrain from repeating their roles here.
As we observe from the figure, the regional frame model, including the
regional level I-0 analysis, is executed at the beginning of each cyecle to
provide the control totals to the activity and loecation models, of which
the latter follows immediately to determine the spatial distributions of
stock variables. When the execution of the location model proceeds to the
commut ing 0D distributions, we can return to the activity model where the
3LI0 analysis is completed down to the C-level zones. [t must be noted,
however, the results reported in this chapter would still be partial in the
sense that a part of the regional variables, such as the regional employ-
ments by sectors and the investment items, to be calculated in the regional

Frame model are given exogenously. This is partly because that Dblock is
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Figure 7.1. The simulation procedures of the model.

basically intended to make necessary adjustments among a variety of exoge-
nous standard values while expecting outside models to provide them.

Two types of test simulations are conducted in the study. One is the
flow simulations whose scope is limited to the 3LI0O model as shown in the
figure, where the spatial distributions of stock variables are given the
observed values. The other is the total, or the flow and stock, simula-
tions which are intended to test the overall performance of the activity
and location models, as well as a part of the regional frame model, where
the distributions of both flow and stock variables are determined endoge-
nously. In any case, the tests conducted in the study might be called
quasi-final in the sense that they encounter several operational limita-
tions due to insufficient data availability along with a number of measures

to avert drastic changes in model predictions.
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The test simulations are carried out concerning the area and period
over which the data for estimating model parameters are collected, viz.
Tokyo Metropolis and the six surrounding prefectures during six vears
between 1975 and 80. Since the actual simulations require the data in 1975
as the initial values, the effective years for annual simulations reduce to
five years starting in 1976 as far as the flow simulations, which generally
require singly lagged variables, are concerned. However, the fact that the
location model involves many doubly lagged variables necessarily reduce the
number of effective vears to four. In addition, the deficiency of land use
data concerning the northern three prefectures inhibits us from endogenous-
ly predicting many stock related variables for these areas.

7.2. Flow Simulations®’

This section is devoted to the discussion of the flow simulations
whieh covers the activity model and a part of the regional frame model
related to the regional 1-0 analysis. However, the following limitations
are observed in practice. First, i) due to data deficiency, the C-level
computations are confined to the southern four prefectures, including Tokyo
Metropolis, in 48 =zones. ii) As the investment items, IR through IG,
represent the stock increments, its spatial distributions are to he deter-
mined through the location model. Accordingly, those values as well as
their regional values are given exogenously. And iii) the rest of the
variables in the regional frame model, including the net exports and net
increase in stocks, are determined endogenously without using the standard
values from outside the model.

In other words, the models described in Sections 5.1 (except for
5.1.1), 5.3 and 5.4 are not activated in the present test. The second
point is directly related to the nature of flow simulations that we cannot
clarify the performance of relevant parts in the model unless the spatial

allocations of variables to be determined in the location model, such as
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population and employments, are given exogenously. Regarding the third
point, it would be reasonable to bypass the use of standard values to
illuminate the model performance. The reason is that their incorporation
would make the performance by itself less transparent in return for the
consistency of the predictions with the existing macro statistics.

Although it is possible to extend the applicability of Assumption 4.1
over the 11 prefectural region, it has been found inappropriate to use the
input-output coefficients readily avaiiable from the regional input-output
tables compiled by MITI. Hence, we follow the nonsurvey procedure dis-
cussed in Section 3.4 to adjust the input coefficients and the final demand
converters compiled for the extended Region to meet the configuration of
our study area. While the procedure significantly improves the projections
of regional productions for both initial and terminal years, we employ
ordinary RAS adjustmeanz) in response to the chronological changes of
these ceoefficients for the years in-between as Figure 7.2 il].ustrates.”

Our model inherits the assumption from the BIO model that the goods
are classified in accordance with the area in which their supplies meet the

demands. Although we allow the local goods to be traded beyond the Region

1875 1980

RAS
Extended Region | A (75) A (80)
(11 prefectures) | C (75) C (80)

Nonsurvey Nonsurvey

The Region AF(75) | A%(80)
(1 prefectures) |C*(75) | c*(z0)

RAS

Spatial modifications ——

<—> coefficienls for the extended region
(for parameter estimations)

<—> coefficients adapted to Lhe study area
(for simulations)

Chronological modifications

Figure 7.2. Relationship among sets of inpul coefficients
and final demand converters.

134

in order to maintain their aggregative consistency, trades among localilies
within the Region are precluded. Hence, it will be meaningful to see
whether our classification of goods is proper in terms of demand-supply
imbalances. Table 7.1 summarizes the ratios of imbalances to the produc-
tions in the first and last years of our flow simulations, 1976 and 30.*2
As the maxima and means at the regional level indicate, the R-level sectors
renerally demonstrate much active trading with the rest of the world. This
appears to give an evidence that our sectorial classification is
acceptable, even though an objective one by means of such imbalances is
impossible by the reason mentioned earlier. For instance, the jurisdiction
of the national government clearly reaches far beyond the Region, but it is
among the eight sectors whose imbalances in monetary terms are zero by
definition. In this connection, we allow intra-regional trades at a lower
spatial level for such sectors, if they are classified as either R or P
level activities.
Among the measures to evaluate the fitness of the model, root mean

squared errors (RMSE), mean absolute percentage errors (MAPE), and

Table 7.1. The ratios of trade imbalance to production, |FM}|/X}*100 (X).

1976 1980
Region Spatial Means Region Spatial Means
Max. |Means |7 Prefs. | 48 Zones || Max. [Means |17 Prefs. |48 Zones
R-level goods 62.42 6.06 11. 06 253.6 57.14 4.19 67.31 689.6
P-level goods 2.29 1.07 — 48. 92 1. 61 0.61 — 50.31
C-level goods 1.94 0,84 - — 0.79 0,35 e -

Note: The columns for the Region show the maxima and means of imbalance ratios for sectors
classified to each level. The columns for spatial means show the averages of cross-
seclorial means over the spatial units designated.

1. Since those coefficients will fluctuate depending on nonsurvey schemes
employed, the model parameters are estimated with the ones observed for the
extended Region. The RAS method is also applied separately to both input
coefficients and converter matrices to obtain the estimates of coefficients
to be used with the statistiecs for the years in-between.

t2. Table 7.1 is prepared with a similar intension as for Table 3.3.
However, the imbalances shown in the former are based on Lhe model predic-
tions and evaluated at the lower spatial levels within the 7 prefectural
region, while those in the latter are based on the original tables and for
the 11 prefectural region as a whole.
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correlation coefficient are commonly used. Suppose X? and %? are the
observed and calculated values of productions of the i-th good in zone e,
respecltively. Then the former two statistics for the sector are defined as
RMSE = { zc{;(;‘ - x‘.l’JZ/n and MAPE = (100/n)zc[§‘i’ =~ XGIVXs
where the summations are taken w.r.t. zones, and n=51 is the number of
them, ineluding the nortLhern-three prefectures. Tables 7.2 and 7.3 summa-
rize those statistics for sectorial productions and consumption items,
respectively.

Concerning productions, while the overall correlations experience

Table 7.2. Zone based error statistics for predicted values of productions.

s 1976 1980 E 1976 1980

E RMSE MAPE | CORR. RMSE MAPE | CORR. JC RMSE MAPE | CORR. RMSE MAPE | CORR.
01 | 14100 | 55.72 )| 0,9887 | 14188 | 58.69 |0.9888 19 2179 | 38.08 | 0.8811 2243 | 32.23%3 | 0.9250
02 | 31561 | 263.78 | 0.7633 17426 | 145.00 |0.8575 | 20 B622 | 13.87 | 0.9930 | 30248 | 28.06 |0,8678
03 | 36514 | 26.43|0,9471 | 34695 | 16,78 [0, 9618 || 21 | 43824 | 60.18 [0.8600 | 32430 | 49.92 | 0. 7445
04 | 14781 | 38.58 | 0.9840 | 11326 | 30.90 | 0.9850 )22 | 25986 | 48.34 [0.8724 [ 17710 | 30.27|0.8567
05| 20036 | 30.92|0.9951 | 13922 | 23.45)0,9950 123 | 18911 | 41.52 | 0.9343 | 24565 | 41.42 | 0.8868
06 | 22539 | 32.82|0.9927( 29106 | 26.09 | 0.9983 || 24 | 156571 | 40.47 | 0.9365 | 184480 | 34.54 [0.9145
07 | 64704 | 21.21 ] 0.9795 | 149027 | 24.98 [0.8715[ 25 | 84170 | 56,00 (0.8912 | 129865 52.79 | 0.8419
08 | 23579 | 16.28 [0.9941 | 85153 | 18.30 |0.9508 || 26 | 20891 | 36.76 [0.9369 | 28122 | 44.11 |0.9005
08 | 65220 | 14.210.9829 ) 90888 | 15.69 |0.9838 (27 |, 25690 | 655.67 | 0.9091 | 38491 | 302,51 |0.8560
10| 35216 | 23.80|0.9899 | 42228 | 24.67 | 0.9866 || 28 B880 | 13.85 |0.9767 1673 6.71|0.9705
11| 11002 | 29.06 | 0.9747 | 23726 | 27.92 | 0.8860 f 29 B571 | 15.75 | 0.9844 | 17430 | 43.11]0.9860
12| 17896 | 25.12|0.9755( 65981 | 72.11]0.7800 130 | 48027 | 34.90 | 0.8712 [ 57727 38.32 | 0.8354
13| 13292 | 21.22 | 0.9942 | 10400 | 30.62 |0.9373 131 | 63083 | 42.08 [0.7563 | 65737 | 42.80 |0.7122
14 | 215549 | 39.55)0.9720 316216 | 56.30 | 0.9411 || 32 8251 | 1327.2 [ 0. 8849 | 12350 | 469.31 | 0.8338
15 2493 | 756.83 | 0.97117 6781 | 272.71 | 0.9023 133 | 30350 | 35.10 |0.8889 | 27970 | 32.38 |0.8924
18 2493 | 10.12]0.9984 5542 5.62 | 0.9931 | 34 7044 | 28.54 | 0.8354 | 11535 | 51.89 | 0.8512
17 ] 18712 | 105.64 | 0,9830 | 47110 | 52.62 |0, 9744 | 35 3455 | 39.36|0.8116 5554 | 36.81]0,7724
18 2665 1.36 | 1.0000 8088 3.26 | 1.0000 )| ¥ | 54631 | 115.44 | 0.9348 | 78367 | 64.08 |0.8115

Statistics corresponding to £ are calculated by pooling zone based ones over 35 sectors.

Table 7.3. Zone based error statistics for predicted
values of consumplion itenms.

1976 1977 1878 1979 1980

RMSE 3262 4545 4225 90849 6247
Cl [ MAPE 4.55 1.92 6.06 9.78 | 10.24
CORR. | 0.9988 | 0.9974 | 0.9971 | 0.9958 | 0. 9945
RMSE 23994 ) 35720 | 56534 | 64021 | 75732
C2 | MAPE 2.4% 1.44 6.10 1. 30 8.51
CORR. | 0.9981 [ 0.9966 | 0.9920 [ 0.9304 |0.9873
RMSE 1311 31179 4750 5894 4694
C3 | MAPE 9,33 [ TASHT | 25.48.] 2912 122,27
CORR. | 0.9996 | 0.9991 [ 0.9976 | 0. 9956 | 0. 9970
RMSE 3118 2482 3563 4665 5063
C4 | _MAPE 2.68 2.76 3.59 3.89 4,23
CORR. |0.9992 | 0.9993 [ 0.9990 | 0.9982 [0.9974
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little decline from 0.93 in 1976 to 0.91 in 1980, the MAPE, on the olher
hand, even shows some improvements during that period. In this regard, we
might say Lhal our model produces rather stable results in general, as Ffar
as its flow analyzing portion is concerned. However, it cannol be denied
that fairly large errors, in terms of MAPE, are observed for Sectors 15, 27
and 32 (Public works). This stems from the fact that most of their produc-
tions are defined to be captured as capital formations in Japanese input-
output tables, and thus, only small fractions of productions come under the
Jjurisdiction of the production distribution model in those sectors.
Another reason is the conceptual discrepancy between income and construc-
tion statistics on which the data of capital formations and productions are
respectively based. That is, while the productions are calculated on the
domestic basis, bound to the places of investments, in the model, their
observations are accounted by the places of establishments who do the
works. Incidentally, such a disecrepancy appears to be decreasing with
time. Besides public works, 02 (Mining) shows higher errors, but the
sector is not significant in the Region as it constitutes only 0.25 %
(1976) to 0.16 % (1980) of total productions, mostly coming from quarrying
as mentioned before.
With a few exceptions, other sectors demonstrate MAPE of less than 50

% range, and correlation coefficients of more than 80 %. As a matter of
course, it would be inevitable that the discrepancy from the observed
sequences increases with the procession of simulation ecycles. This is also
the case for consumption items as we can easily observe from Table 7.3.
However, the deterioration of predictions with time is said to be limited
to the acceptable range that the correlation coefficients for all the four
items maintain approximately 99 % level after 5 cycles of simulations. In
general, predictions of consumption items are much accurate as Lhe MAPE for
the household consumption C2, which in particular is predominant in the

sense that it accounts for as much as 80.4 % (1976) to 81.6 % (1980) of all

137



the consumplion expenditures, are limited to less than 10 % level.

Next we examine the spatial distributions of productions and the
household consumption expenditures. Figure 7.3 summarizes error ratios
(i?-X?)/X? after the five years of simulations at the prefectural level.
The productions are shown in five categories; (a) all sectors, (b) manufac-
turing sectors; 03-10, (e¢) non-manufacturing private sectors; 11-35
excluding those classified into the following two categories, (d) public
and government services; 16, 17, 28, éS, 33, and 34, and (e) construction
sectors; 12; 15, 20, 27, and 32. At the regional level, errors are con-
fined to less than 10 % for productions other than (d). However, at the
prefectural level, considerable margins of errors are observed. In partic-
ular, the construction sectors experience the largest margin ranging from
-36 to T3 %, but this would be explained by reasens mentioned in connection
with Table 7.2. Generally speaking, values in Tokyo tend to be underesti-

maled, which are to be compensated by overestimations in surrounding

Regloa

|

Tokro

§LE1
{114
L1

—

(f) fiouschold consumption
expenditures

| i {
U (¢) Non-manufacturing private sectors ” "
(excepl Agriculture and Mining)

Figure 7.3. Rates of errors in prefectural allocations of productions

and household consumption expenditures through the flow
simulations (1975-80).
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prefectures. As productions in Tokvo and Kanagawa are predominant, errors
in real amounts in other prefectures are not as large as they appear Lo be.
In many sectors, though higher errors are observed in the midst of simula-
tions, those in the final year are relatively lower. Thus we may safely
state that the errors are not accumulating through the simulations as far
as the prefectural productions are concerned. On the other hand, fairly
accurate predictions are obtained for the household consumption expendi-
tures with around 8 % of errors at most at the prefectural level.

Figure 7.4 shows the same ratios at the zonal level for the southern
four prefectures in 1980. The error ratios would naturally inerease with
further subdivision of the Region. While those for the total productions
are within the range of -32 to 21 %, the public and govermment services
reach the maximal error of 104 % in Zone 506 (Ichihara) of Chiba Pref.
facing Tokyo Bay. Errors in the non-manufacturing private and construction
sectors are ranging from -38 to 52 % and from -44 to 58 %, respectively,

(a) All sectors (b) Manufacturing sectors (¢) Non-manufacturing private
sectors

(except Agriculiure and Mining)

)

bo"'

’ Wy

/
e

(d) public and government (e) Construction sectors (f) ltousehold consumption
: services ' expenditures

Figure 7.4, Rates of errors in zonal allocations of productions and
household consumption expenditures through the flow

simulations (1980).
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where onli a [ew zones are within the 110%¥ range. Concerning those sec-
tors, we can observe a dichotomic classification of =zones in terms of
errors, where the zones belonging to Tokyo tend to be underestimated.
Unlike Lthe error ratios at the prefectural level, those associated with the
household consumption expenditures are not particularly small in terms of
their range, between -20 and 45 %, but most of Lhe zones stay within the 20
% range with only 3 exceptions.

7.3. Flow and Stock Simulationss)

Next we discuss the results from the flow and stock simulations which
cover the activity and location model and a part of the regional frame
model as shown in Figure 7.1. In particular, the following two remarks
made in previous chapters apply to the predictions in the location model.
i) While the bid price functions are determined in terms of existing
allocations of land ﬂ?, the new acquisitions are calculated from the proba-
bilities concerning the increments r?. which are derived through the
difference operations in egqs.(2.7b) and (2.8b).

ii) The parameters concerning the demolition probabilities are calculated
for the seven categories, but in practical applications, they are calculat-
ed for individual activities as mentioned in Section 6.6.

Similarly as is the case in the flow simulations, the test is conduct-
ed under several limitations as well as a number of measures to prevent.
drastic changes, which are summarized below.

i) The C-level computations are confined to the southern four prefectures.
ii) The variables to be determined in the regional frame model, except for
the consumption items Cl1 through C4, are substituted by the observed ones.
iii) The input coefficients included in the formulas to predict the stock
related variables are replaced by those obtained from the 1l-prefectural
i3

tables.

iv) A certain number of stock variables, which are explained by the land
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use data, cannot be determined endogenously in the northern three prefec-
tures. They include the employments Ei in 20 sectors (Sectors 11, 13, 14,
16-19, 21-26, 28-31, and 33-35), the non-housing capital formations M(i'
the housing constructions AHh, along with the demolition probabilities vy
v) The demolitions in any single year are confined to 10 % of the existing
stocks, viz. Yy $.0. 3.

vi) Similarly, the land acquisitions are confined to 10 % of the existing
vacant land in addition to all the land newly released by demolitions, viz.
!iri §(0.1LA~I+EiGLi)/LAD.

The first point, which is the same as in the case of flow simulations,
as well as the fourth point comes from data limitations. The second point
suggests a difference from the flow case in dedling with the regional
values of net increase in stocks Ji and net exports FMi. Namely, we here
regard those values as being exogenous to the model in order to avoid the
errors accrued from mis-specifying them, while the results in the previous
section are obtained by determining them endogenously. The fourth point
stems from the fact that the land use data for the northern three prefec-
tures, which are required as the initial values to the model, are not
available. And the last two points are introduced to smooth out the pre-
dictions so as to avoid drastic changes in land use. Naturally, such
measures are not desirable, but they are necessitated by a number of
expedients to overcome data limitations, including the difference approxi-
mations for caleculating the incremental probabilities Eo and are expected

to fill in the discrepancies between the model and the reality.M Such

t3. While all the model parameters are estimated using the coefficients
obtained from the ll-prefectural tables, those modified to meet the 7-
prefectural configurations through the nonsurvey method in Section 3.4 are
basically used in actual simulations. However, as the location model
includes many nonlinear formulas, we employ the original coefficients when
predicting the stock related variables. In particular, the input coeffi-
cients affect the location probabilities through exponential formulations,
and their sensitivity prevents us from using the modified ones unless the
relevant parameters are re-estimated to fit them.
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measures can also be found in the NBER model for residential locations.q)
where the land for housing construction in any single yvear is confined to
10 % of the available land in each zone.a)

Table 7.4 summarizes the RMSE defined by RMSE = [ Ed,i(gf - X?}zfm-n,
and the correlation coefficients concerning the spatial distributions of
productions, where the statistics are based on the pooled data over the
sectors and the zones, which may be either of the prefectural or munici-
pality level, with m denoting the numbér of sectors. The table enables us
the comparisons between the simulation results concerning flow aspects and
those concerning both flow and stock aspects, where two sets of results are
shown for the flow case. One is designated as the case of flow A, which
corresponds to the test conducted in the previous section. The other is
called the case of flow B, where the regional values of Ji and FMi are
substituted by the observed ones, in order to facilitate the direct com-
parisons with the flow and stock simulations discussed here.

In praetice, no significant changes can be found between two types of
flow simulations, and thus, it would suffice to refer to the case of flow B
when assessing their performance. As the flow and stock simulations

Table 7.4. The sectorial means of RMS errors and correlation
coefficients concerning local productions, X§%.

Measures Kind of tests 1976 1977 1978 1979 1980
RMS errors in flow A 212410 | 239640 | 262280 | 264910 | 289240
P-level zones flow B 210730 | 238840 | 262010 | 264300 | 288880
(million yen) flow & stock = 243000 | 265860 | 267140 | 298150
RMS errors in flow A 54631 58817 64402 TI076 18367
C-level zones flow B 54366 58691 64356 70914 18289
(million yen) flow & stock — 54268 55416 56870 68089
Correlation flow A L9348 | 9207 L8LEE | o GEAT B
coefficients in flow B . 9347 9207 28149 SRS 9114
C=level zones flow & stock = . 8981 .8023 | .8963 . 8867

t4. The average number of activities which violate the restriction v)
ranges from 3.5 to 5.2 in each zone, which constitutes 10 to 15 % of all 34
locating activities. On the other hand, the number of zones which violate
the restriction vi) varies from three Lo nine, including the highly uti-
lized areas centering about the Ward Area in Tokyo Metropolis.
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involve more transformations than the flow simulations, the greater dis-
crepancies from the observed data are normally expected for the former.
However, Table 7.4 indicates that the RMSE for the C-level zones are even
improved despite the extension of the scope of the model where the
variables are predicted endogenously. Thus we might say that Lhe stock
analyzing portion of our model would be free from accumulative errors.
Meanwhile, the effective simulation cycles in terms of stock variables
starts in 1877, and after four ecyecles of the flow and stock simulations,
the zonal RMSE and correlation coefficient experience a 25 % increase and
1.3 % decrease, respectively. As a matter of course, repetition of such
cycles would necessarily carry divergence from the observed sequences, but
it is comparable with the flow case, where the RMSE increases by 33 % and
correlation coefficient decreases by 1.0 % during the same period.

The model performance concerning the stock variables and their net
changes are summarized in Table 7.5. Both are indicated in terms of corre-
lation coefficients, while the former are evaluated at the final year of
simulations, 1980, and the latter are evaluated by the cumulative changes
over the four-vear period. The table lists the results concerning the

zonal employments E;, population Nc. non-land assets in manufacturing

Table 7.5. The correlations of stock variables.

Stocks Changes Stocks Changes Stocks Changes
in 1980 [1976-80 in 1980 | 1976-80 in 1980 | 1976-80
E 4 9996~ .9807 [[Eqo #| .9742 \ NES . 9692 7675
E .9672 | .5607 [ Eqo 8833 s NS L9945 | 8894
E s . 9804 1200 | Epq #| .8511 -8172 [ Ks 9872 NN
Es . 9756 L1181 || Eaa % | L9607 . 5535 | Ke . 9683 .3318
= Y
E s . 9786 6461 | Eos #9928 NRNEIRYY K- 29762 INNNDAERN
Es . 9818 L7579 || Egq #| .8925 6208 || K, . 8251 . 3493
E 5 . 9607 L4078 || Egs % | 9851 8165 |[Kg L9655 L6334
Eg . 9602 3635 || Ege %[ .9982 5578 || K40 . 9905 71136
> L
Eo . 9505 L3835 || Eoe # | L9670 RN\NGSSAN
Eiyo . 9397 5943 | Eaq % | .9830 4278 | Hy %] 9936 L5614
Eigs ¥ . 9419 m.\ﬂ:{&gﬁz\\t Esp # L8511 \\ \\{?} Hy + . 9938 4081
Eis 9447 NP Ese ¢ o8 NONRORY Ha #| L0877 6403
Eiys#| .9301 \W«.\\g\g\g% Egs ¢ | .9971 .8568 [ H,4 *| .8889 §§'§GF“§
Egq | 9702 [NRNORRLY Eas #| 9819 5899 [ Mg % | 9056 \\\
Ege *| 8395 Q\\T:E\\ﬁ@«% Eas #| 9675 | 7085 | He #| 8148 %\ \\\{%
Eqp #| .9790 1846 || Ec L0671 RRAENY
Bae | 9695 4800 [ N L8617 4085 [V L %] 9866 .3062
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which those with aslerisks (*) represent the values corresponding to 48

sectors K?. number of housing units H and the land prices vLc. among
zones in the southern four prefectures in conjunction with the points i)
and iv) mentioned abuve.15 We might say that the results are satisfactory
in general as far as the stocks are concerned, but only fair to poor fit-
ness is observed as Lo their changes. In particular, while the shaded
values indicate the correlation coefficients less than 30 % level, the
predicted values for some variables are even negatively correlated with the
observed ones.
Finally, we examine the spatial distributions of productions and

household consumption expenditures. Figure 7.5 corresponds to Figure 7.4

in the flow case, where the error ratios in 1980 are shown in seven to

(a) All sectors (b) Manufacturing sectors

E=s g~

(¢) Non-manufacturing private

seclors

(d) public and government (e) 'Construction sectors (1) Housechold consumption
services Sy expenditures

Figure 7.5. Rates of errors in zonal allocations of productions and
household consumption expenditures through the flow and
stock simulations (1980).

t5. Despite the point iv), the manufacturing stocks Ki are not accompanied

by asterisks in the table. While it is impossible to fully calculate these
variables in the northern prefectures, eq.(6.15b) still reflects a “model"
concerning capital depreciations. In this respect, Lhe predictions for K.
slightly diverge from the observed values. 5
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eight grades for the C-level zones. The errors associated with the total
productions range -35 Lo 62 %, which is naturally wider than in the previ-
ous case. While those sectors belonging to the tertiary industry are
accompanied by at most 100 % of errors, the manufacturing and construction
sectors experience much wider margins of errors, viz. from —-43 to 135 % and
from -56 to 165 %, respectively, as compared with the flow case. However,
the errors associated with the former are not so severe when we consider
the cumulative distribution of error ratios. Namely, with only two zones
in Tokyo (Zones 605 and 606) recording errors over 100 %, 42 % of zones are
within 110 ¥ range, and such a proportion will be increased to 67 % if we
allow errors of $20 % range,

On the other hand, the errors in construction sectors are much severe
in the sense that the proportions of zones, whose errors remain within
those ranges, are merely 10 and 17 %, respectively. However, the fact that
the seven zones with errors over 100 % level are located mostly in moun-
tainous and/or remote areas would give us a little comfort since only
limited amounts of productions would be observed in those areas. And the
conceptual discrepancy in terms of statistics, mentioned in the previous
section, would certainly contribute to those errors. Meanwhile, the
nonmanufacturing private and construction sectors are likely to be underes-
timated in Tokyo and its vicinities similarly as is the case in the flow
simulations. And the errors associated with the household consumption
expenditures are quite limited, ranging between -24 and 44 %, which are
comparable to the flow case.

Probably, these results yet appear to be satisfactory, but it would be
somewhat unfair to criticize the error ratios at the smaller spatial levels
as the regressions tend to sacrifice the goodness of fit in zones with
smaller amounts. In other words, when we recall the fact that the pooling
correlation concerning the zonal productions corresponding to the figure

reaches about 89 %, it would be possible to imagine Lhe actual magnitudes
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of errors are not so large as one might be impressed from those ratios.
And this observation would point out a myth associated with the aggregative
measures like the correlation coefficients.

The predictions in modern location models tend to be made in terms of

6)

Lhe stock variations rather than the whole slocks. Although the evalua-
tions based on the latter guarantee better correlations, it is naturally
desirable to evaluate their performances in terms of variations to empha-

i6

size dynamic characteristics of the mo&els. On the other hand, we might
say that the present measures for evaluations, such as the RMSE, MAPE or
correlation coefficients, are still not that fair in the sense that they
are based on the all-or-nothing type evaluations. Suppose it is predicted
that a location of an activity is to ocecur in a particular time and place,
and the actual loeation occurs either in the next vear or in the adjacent
zone to those predicted. Then none of the above measures will give evalua-
tions on those close predictions, even though they are far better than
nothing when we consider the degree of freedom associated with a location
problem. In particular, if the predicted time deviates from the observed
by one or two years, the predictions might be called almost correct in a
long-run as far as the future stocks are concerned. In this regard, it is
necessary to develop a measure which would grant certain evaluations to

17

those close predictions.

t6. For example, Abe reported the correlation coefficients concerning zonal
employments and their variations in his Osaka model for a simulation step

of five years, n where the latter are lower in all sectors. However, not
many simulation models report the variational statistics, except for those

can be categorized as the miero simulation models.s}

t7. Miyamoto et al. has proposed a measure called the spatial fit indicator
(SF1) based on the cost associated with a transportation problem to rectify

the errors.Q) While that measure only considers the cross-sectional evalu-
ations, the efforts to formulate such a measure are quite important. And
for Lhe purpese, the knowledge derived from the ordinary and spatial auto-
10)

correlations would be of assistance,
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CHAPTER 8

CONCLUSION

The primal objective of the study 1is to formulate a comprehensive
simulation model on metropolitan land use. The model is formulated as a
recursive dynamic model, which comprises three major model blocks; the
regional frame model to determine the macroscopic frameworks in the study
area during each period, the activity model to determine the spatial allo-
cations of flow aspects of metropolitan activities, which are based upon
the stock allocations to be determined in the location model. These model
blocks are linked together to form a dynamic system in the way that both
the location and activity models are repeated consecutively under the
control of the regional frame model. Although the modeling techniques
employed here are rather modest, the individual formulations are carefully
examined to maintain consistency with the existing theories and efficiency
in terms of data utilization. Nevertheless, it is possible to refer to the
three level input-output (3LI0) model and the aggregative application of
the random bid price theory as being the major analytical schemes in our
model, for analyzing flow and stock aspects of metropolitan activities,
respectively.

Although there exists no unique way to count the exact number of equa-
tions associated with a model, our model roughly comprises 143 formulas to

be estimated.T1 However, the specifications fully depend on the data set

t1. There are roughly three causes which lead to such ambigulty. For
instance, the parameters associated with the location probabilities are
determined simultaneously for all locating activities. As this expression
contains 34 bid price functions and the reservational one, the number of
equations to be estimated would be either one or 35. Namely, i) existence
of logit type functions which include the a number of functions correspond-
ing to respective activities is the first cause. Other causes are; ii)
existence of some collective expressions which are applied to a number of
sectors, such as the demolition probabilities, and iii) existence of
formulas which could be applied to different spatial levels, such as the
distribution functions for consumption items.
The number quoted is obtained by counting the functions in the first
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prepared in the sense that it is impossible to use unavailable variables
even if they are known to be useful in explaining the real-world phenomena.
For the purpose, the data are collected for the Tokyo Metropolitan Area
consisting of Tokyo and six surrounding prefectures between vears 1975 and
80, It is important to note that these data, except for those related to
land use, are compiled exclusively from various statistics published peri-
odically by the national or prefectural governmental organizations. This
requires, on one hand, to inLerpolaLé all the data for every year in-
between owing to the differences in years considered by individual publica-
tions, and guarantees the transferability of the model to other parts of
the nation as it demands no supplementary surveys, on the other. And the
fact that the data are compiled on the annual basis enables us to operate
the model also on the same basis.

In light of its objectives, it would be quite natural that most of the
study is devoted to the descriptions of individual formulas in the model.
Nevertheless, it is still necessary to spend Chapters 1 through 2 for
discussing some preliminaries. In particular, Chapter [ briefly reviews
the histories of location theory and the operational models. It was
pointed out that there exists a gap between the macro-econometric models
focusing the national economy and the non-economic approach based upon
needs to predict the locations in the relatively narrow metropolitan area.
In this connection the objective is stated so as to Formulate a metro-
politan simulation model which is consistent with the existing theories,
and thus, managed Lo narrow such a gap to some extent. And the diseussions
in the suceeeding chapters could be summarized as follows.

In Chapter 2, we define configurations of a metropolitan simulation

model to be formulated, and the analytical schemes which are consistent

fﬁonLinued}

category by individual activities while counting those in the rest of the
categories collectively by the number of equations subject to parameter
estimations. Accordingly, the regional frame, activity, and loeation
models account for 12, 34 and 87 expressions to be estimated, respectively.
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with such configuralions are discussed accordingly.

i) While many operational models inherit the Lowry tradition, the locations
of certain activities are not precluded from the model. Thus no prespeci-
fied ordering is assumed as far as stock allocations are concerned.

ii) Leontief’s balanced input-output (BIO) analysis provides an analytical
tool which makes the spatial and sectorial minuteness of our flow analyses
compatible with the deficiency of data. The classification of activities
required by the BIO model is found to be consistent with the administrative
principle in Christaller's central place theory.

iii) There are two ways to view the locating processes; the agents choose
their locations in accordance with the utilities, and the land owners
choose the locators in accordance with the offers bidden by the agents. In
the context of disaggregative behavioral models, the former corresponds to
the random utility theory and the latter to the random bid price theory.

iv) As the former is associated with the problem of violating land con-
straints, we consider to apply the latter in the aggregative context. It
is noteworthy that the bid prices therein are theoretically different from
those in Alonso-type models. In the aggregalive context, however, it is
possible to establish a relationship between those two types of bid prices.

v) The model as a whole is formulated as a recursive dynamic model. The
two model blocks, the activity and regional frame models, are basically
econometric, where the dynamism is expressed in terms of lagged variables.

vi) The bid prices reflected in the aggregate location probabilities are
estimated with the static land use data. In practice, it is desirable to
express such probabilities in terms of increments, which can be achieved by
the difference transformations, based on the dynamic theory of urban land
use, on the static ones.

These configurations are materialized through discussions in Chapter
3, where the basic construction of the model along with a few problems
relevant to such materialization are considered.

i) While the wards, cities, townships and villages serve as the minimal
statistical units, the zones which are comparable to the old counties are
employed as the minimal spatial units in the model. Accordingly, the
hierarchy of the study area comprises three levels; those zones, prefec-
tures, and the Region as a whole.

ii) The industrial activities are classified into 35 sectors, which are
categorized into three levels corresponding to the spatial hierarchy. The
independent clerical activity and the distinction among public activities
corresponding to the jurisdictional levels characterize our classification.

iii) The major exogenous variables to the model are the regional population
and the interest rate, and the rest of the macro wvariables, such as the
regional employments and the final demand items, are determined in the
regional frame model. The location model, to determine the spatial alloca-
tions of stocks, precedes the activily model in charge of [low aspects.
The former comprises five submodels, and the latter combines the 3LI0 model
and the distribution models for productions and consumption items.

iv) While it is desirable to evaluate monetary variables in real Lerms, Lhe
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commodity based inflators can be calculated from Lhe two sels of gross
prefectural expenditures, nominal and real, using the input-output tables.
The method is capable of dealing with any industrial classification.

v) The input coefficients obtained from the tables for the 11 prefectural
region are found to be inadequate to our study area. Accordingly, a
nonsurvey technique to adjust the original coefficients with the configura-
tions of our Region is proposed. It can‘’be divided into two parts; viz.
the modilications focusing on the intra-regional trades and those to simul-
taneously process the input coefficients and the final demand converters.
The empirical results suggest that our method is effective in improving the
errors in projected productions in certain sectors.

vi) The deficiency in the degrees of freedom associated with individual
model formulas would require us to estimate the parameters at the other
spatial level different from the one for predictions. It is found that the
transferability is guaranteed for linear expressions, but log-linear
expressions may be transferred only when they are distributive.

The succeeding three chapters are devoted entirely to the descriptions
of individual model blocks, and Chapter 4 is devoted to the descriptions of
the activity model which is based on the 3LIO model.

i) The 3LI0O model is formulated as a three level rendition of Leontief's
BIO model. However, the former differs from the latter in the way to deal
with the intra-regional trades. The final demands are given on the item
basis, which are then distributed over commodities with the final demand
converters. This simultaneous determination of final demands for all the
commodities enables us to consistently calculate the trade imbalances.

ii) The distribution models for consumption items are formulated as the
linear equations on the per capita basis to maintain their invariant nature
w.r.L. spatial aggregations. As income transfers among zones cannot be
ignored at the lower spatial levels, the formulations to make such trans-
fers compatible with the spatial aggregations are introduced by means of
the first-order Taylor expansions.

iii) The distribution models for productions are required for R and P-level
activities. The production functions are estimated at the prefectural
level, but they could be transferred to the zonal level due to their dis-
tributive nature.

iv) Some of the distribution functions for consumption items reflect the
concurrent value added to be determined through the input-output computa-
tions. Hence, a procedure to simultaneously determine both productions and
consumption items is presented.

The regional frame model is formulated in Chapter 5. As the formulas
for consumption items are prespecified in accordance with those in the
activity model owing to their consistency w.r.t. spatial aggregations, the
rest of the final demand items as well as the sectorial employments are to

be formulated.

i) It must be noted that some of the regional values, such as the regional
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productions, cannot be determined independently. Namely, it is appropriate
to consider the 3LI0 model corresponding to the regional level as being a
part of the regional frame model.

ii) The investment items are formulated as standard econometric expres-
sions. Unlike other final demand items, the net increase in stocks and net
export could be either positive or negative. Hence, they are calculated in
two steps; their gross amount is first calculated, which are then distrib-
uted over the commodities through the expressions which are consistent
w.r.t. commodity aggregations and allow mingled signs of predictions. The
sectorial employments are also caiculated in two steps.

iii) The parameters in formulas in the regional frame model, excluding
those to predict values on the commodity basis, are estimated at the
prefectural level to secure sufficient degrees of freedom. Thus Lhe formu-
las for the parameter estimations are not necessarily the same as those
used for predictions as the transfer terms cannot be ignored at the lower
spatial levels. Those terms are selected to maintain the consistency
w.r.t. spatial aggregations.

iv) There might be a case where dependable predictions for those regional
statisties, called the standard values, are given from outside the model.
As it would be beneficial to utilize them to improve our prediclions, we
consider to incorporate them in the Taylor expansions of the original
formulas. However, it must be noted that some of those values cannot be
determined independently. Thus the relationships to be satlisfied among
them are clarified.

Chapter 6 is devoted to the descriptions of the location model, where
both demolitions and locations are assumed to take place consecutively at
the beginning of each period. The resulting allocations of stocks are
maintained throughout the period to provide the arena for the flow aspeclts
of activities. Lastly, the posterior land prices are calculated as the
indices to represent the land market in the period.

i) As our major concern is on the urban land use, this block focuses on the
locating activities which are defined as those competing over urban land
area. Thus the most important function in the model would be the one to
allocate urban land to the 34 localting activities, including six housing
types. And Lhe spatial distributions for the rest of the activities are
assumed to depend on their allocatings.

ii) Those allocations are made in accordance with the loecation probabili-
ties based on the random bid prices through the basic location submodel.
The bid price function for each locating activity is defined as a linear
function of various potentials. And the parameters associated with Lhose
bid price functions, including the reservational one, are estimated
simultaneously by a nonlinear least squares method whiech incorporates the
log-linear regressions corresponding to respective activities.

iii) The potential variables in each bid price are chosen systematically to
attain stable parameters, but only the land price in the previous period is
found to be significant for explaining the reservational one. The land
acquisitions calculated from the location probabilities on the incremental
basis are then converted to the location entities, such as industrial
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assets and housing units.

iv) Those increments are counted in the existing amounts of stocks through
the stoeck accounting submodel. Unlike the industrial assets or the housing
units, the whole employments are calculated each period due to their mobil-
ities as compared with those fixed capital.

v) The auxiliary location submodel allocates the wvariables which are
dependent upon the results of the aforementioned submodels as well as the
employments in the non-basic activities. The former category includes the
investment items other than manufacturing, and the latter category includes
the agricultural, mining and construction emplovments.

vi) The commuting distribution submodel transforms the employments at job
sites into the populations at residential sites by means of a doubly
constrained gravity model operated on the cross-sectional basis. When we
can assume thal the households' foresight is muech shorter than that of
developers, it is possible to consider the households' behavior being
subordinate to the developers’.

vii) The population and employment densities are significant in explaining
the posterior land prices, which are calculated after all the stock
allocations are settled. They will provide important information to the
demolition submodel in the succeeding period.

viii) The demolition submodel is executed at the outset of the present
model block to calculate the demolitions occurred to the existing stocks.
They are determined through the binary logit models to assess the demoli-
tion probabilities. The locating activities are classified into seven
categories, each of which shares the same formulation.

The model described above is tested in Chapter 7. Two types of test
simulations are conducted to confirm its operationality, but those tests
may be called quasi-final in the sense that only a part of the variables to
be determined in the regional frame model are endogenously obtained. The
simulations are carried out over the same area and period as those used for
estimating the model parameters, where the values in 1975 are considered to
represent the initial state.

i) All the stock variables are exogenously given in the flow simulations.
And their results are used as a reference to the flow and stock simulations
which incorporate the location model. Due to the lack of initial values,
the observed values are substituted for some stock variables in the north-
ern three prefectures.

ii) As far as the productions are concerned, no proof of increased errors
has been found when the location model is incorporated in the flow and
stock simulations, since their RMSE, in terms of spatial and sectorial
distribulions, are comparable with those in the flow simulations. And in
bath cases, the spatial allocations of productions in construction sectors
are associated with a large margin of errors, which may be caused by their

investment oriented nature and the conceptual discrepancies in statistics.

iii) While a fairly good fit is observed in terms of correlations with the
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stock variables, those associated with their variations are nol necessarily
satisfactory. However, this is partly due to the all-or-nothing nature of
the measures used for evaluations, and in return, suggests the need for new
measures which could appreciate the close predictions.

Every operational model would be obtained through a sequence of
compromises between theories and data. In this regard, the model presented
here could not be complete in the sense that the formulations and the
relevant parameters are selected on the ground of a particular set of data.
However, we believe that the overall structures of the model are more
important rather than the individual formulations. Namely, while many
models concentrate on the locations in particular sectors or land use in
general, what we intend to construct here is a comprehensive metropolitan
simulation model which covers both flow and stock aspects of all the
economic activities in a metropolitan area. The model is designed Lo be
well-balanced in the sense that it maintains the minuteness and operation-
ality compatible with its detailed classification of activities while
observing the consistency with the existing theories. In those respects,
it is hoped that the primal objective of the sLu?y has been satisfied to
some extent.

Naturally, further refinements of the model are always desirable
together with continuous efforts leading to the accumulation of data.
Since our model is designed to be capable of operating solely with informa-
tion available in published statisties, it would be meaningful to examine
its Lransferabzlity. An exception is the deficiency of data concerning
land use structures even though such data are recently available on Lthe
mesh basis. Namely, the classification of land employed in those mesh data
is not detailed enough for our purposes, and their publication is still
sporadic. In addition, although the rest of the data are to be compiled
from combining various statistics, the compilations require rather compli-

cated procedures. Hence, it would be quite beneficial to construct a

manual leading to the standardization of data compilations.
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Table A.1. The reglonal Input-output table (1975; Part 1).
1 2 3 i et s 7 8 9 10 1 12
en :
Mpricaltare | o Lo Food and | textile . o [retniae Cheaical |Metal Machinery [orber Electrielty |wonsreatdentiat
forestry and he\rerazas pape and pudlishing products Pl‘ﬂd“l‘-l’ sanefactoring and gas sullding
{isheries - products
HerIaelinGn: (Ceetipi ey 313757 vez| 2220512 126708| 32288% 1502 24124 11247 17822 54769 2408 7880
13her
2| ninine 2255 1092 4887 1618 5202 1557 | 2ss8s37 285890 15221 217947 284953 24844
3| Food and baversges 338338 728 | 1080527 3118 1696 $73 72388 9916 15189 7188 2423 1902
4| Textile 21135 833 12948 835926 23274 1212 12391 18988 47913 54808 3904 24838
s ::::::‘:"‘ peper 33811 1353 86699 7181 996038 405514 137528 44649 183298 198484 BT15 241638
6| Printing and publishing 2682 1080 21500 10488 136328 425173 20843 18625 61162 17348 86217 1187
7 | chenical products 222392 17839 1354639 131188 88004 60369 | 1902342 555501 244459 572124 331614 44567
8| netal products 16140 6656 120877 20104 16605 10066 79804 | 4800962 | 2276211 121612 71470 121281
3 | nscninery 13978 3591 29283 1310 18609 3434 34386 60145 | 5138561 25227 9008 155261
10| Other menufsoturing 33041 2088 1313886 24786 44609 25270 130512 84507 114810 B64159 17568 401104
11| Electricity and qas 11831 6312 41829 21082 71605 16838 149418 268192 154670 91841 24844 21313
= ::?;:::;“MI“ B5T3 989 9450 3814 4687 1844 15618 18481 20434 7418 11959 5210
13| Far=flung transporintion 15557 1676 TITT4 16875 33328 24483 71077 82081 98023 55575 17673 39848
14| Wholesale 14442 4713 345231 92013 158029 98307 187668 251558 735702 2353514 29564 221174
15 | Public works of R-lavel 138 13 110 €3 45 18 232 256 208 104 929 16
is ::‘:‘:;‘:::'“"‘“' 108 173 6861 1844 2481 1187 68380 13398 163728 8351 4208 4408
LE ::';:'I'::'.‘: BECYIC8E 0 0 ) ° ) o 0 ° ¢ ° ° 0
18| Clerical bdusiness 2188 30605 1554 s202 112808 215502 240415 318019 | 10s8408 184540 158059 112421
19 | Water supply 130 177 9213 1083 421 202 14113 ToB2 109865 4067 1633 Ine2
20 | Residential building 0 0 [ 0 0 o 0 o o o o 0
21 | Passenger transportation” 13184 B8TS 28153 132712 20116 19047 41120 52756 108987 42964 14810 45531
22 | Freight transportation 66359 94448 78659 19607 43568 19688 71687 85723 121705 100250 22124 110437
25 | Comnunication 2780 1929 14084 9684 14701 eo12 45835 35294 94512 24448 5483 18355
24 :::‘1"::;.::"‘"““ pad 91896 21490 103058 120382 106631 66364 308174 236018 543263 113267 11181 86153
25| Business services 39854 8158 237103 98875 85642 107616 281918 148082 560244 181195 73061 139549
26 | Entertainanent 222 177 1999 148 1160 4518 2351 2262 3363 1268 s81 1936
27 | Publie worka of P-level 45 4 36 21 14 12, 75 83 94 33 302 5
28 ::';‘_‘:‘:::I""“’“ 1765 (111 s0982 4550 5342 3342 21138 21412 53034 30893 4180 10248
29 | Governeentl services
st el a 0 0 0 0 o 0 0 ° 0 o 0
30 | Retuil 47624 8092 31837 12725 21074 9853 25843 33785 17211 37224 8068 41428
31 | Personsl services $T2 4562 5108 1142 29583 184 6007 5784 8604 az42 1451 d494a
32 | Public works of C-level 110 11 87 so 38 31 184 204 229 82 738 13
a3 :‘;':f::::l'"""' 508 313 4233 . 9s8 2457 182 1998 4837 1234 2698 1211 d0TE
34 Government services
bt 0 [ 0 o 0 o o 0 [ [ o [
35 | Sevage and wanle 4 "
ey 152 183 1458 81t 1318 1443 5178 2335 7389 2112 941 1804
38 | Internedintes inputs 1350175 224044 | 4947768 | 1593521 | 2409772 | 1600672 | 6535451 7485077 | 12546723 | 3101841 | 12605085 | 2590364
37 | scrap notal 326 40 845 219 310 229 1850 175784 -91689 -1117 195 ~1753
38 | Conaunption expendiiures 3 8417
SRl AR T d e 15367 12358 118358 3ge27 172 89742 187617 131073 174082 101558 31182 110347
39 | Compensation of eaplovess 238780 60585 518638 458216 454811 407740 3732688 | 1057432 | 2876882 760930 115222 S80363
40 | Opersting surplua 1450029 57951 471853 58975 176026 165397 344567 551667 | 1265606 367704 223018 $81852
Sl Dsrrarantyaay ot bt 270408 48130 | 18ee17 76451 124287 sesre | ae2z72| asras2z| sisemy 266780 | 256324 145122
42 | Indirect taxses 80733 10843 519114 22881 33301 24048 $21150 001867 129448 s1564 117873 40810
43 | (Less) Curront subsidies -g2829 -3383 | -348379% -1488 -1748 -1256 —s2a1 -5312 -30560 -2503 ~1151 -2159%
44 | Total gross value added 1892812 198502 1869148 BSE484 B81280 762373 1786192 2468252 5638297 1554888 742738 1454382
45 | Production 31342988 410546 | ssi1s011 | 22es008] seviosa| 2353033 | se321844] 9s53330] 18106020 ssse7ac| zoozssn | eoser7e
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Table A.1l. The reglonal Input-output table (1975; Part 2).
13 14 5 18 17 14 1a ?CI_ e 3
Comnuity e e 21 22 23 24
:ar-rlunl : ¥holesale P:b;l: m:ls S :::::Z::M C]n:_';ml Water Restdeattsl |Pssacager Fretibt Finance,
TARNPOE[ANIon u L of E-levsl | of B-Tevel business supply building Lransportationl transportation Connninl.lon:::‘;'::t:l:"d
1 fAgticulture, foreatry wnd
TR EAT Led 3871 s130 1971 3019 128 0 413 4563 2866 1640 2009 138158
2| Nining 962€ 5048 21158 1435 300 o
188 448 §05%
3| Food and baversges 42178 39Tl 462 2227 221 o 558 ,,;? 2050 1;':5 sanl oy
1T i 3 2272 14507
extile 18238 24108 2031 3033 5711 o s42 34454 g491 8111 5105 14062
5| | dsdseniknad papar 19440 99458 4858 15612 4
bt oduets 4832 o 693 126010 131864 3862 11818 31582
6| Printing and publishing 8710 33014 1021 70582 B531 o 958 &
233 667
T| Chemical products 242326 256883 17834 12300 18382 0 T 4 e 150y TRy
S8 4B04T TI54T4 443262 g423 22181
8 | Metal products 0491 65647 384BT 4491 3508 0 117
7 521343 42471 4123 57669 33341
9| Machinery 178204 36454 6466 7453 82102 0 1753 912589 59220 4768 B217 49387
:I: g:hnr ranulecturing 22488 16340 50079 20825 22322 o 1676 400870 18698 29686 11099 44619
ectricity and gas 58615 46882 5858 338214 2088 a
i bbb iy 20431 17601 38501 10259 BE6TS 46932
buildlng 15348 7465 412 984 38089 o 1018§ 4087 12860 2248 2887 1834086
13 | Far-rflung transportation 188492 81292 4808 18115 16181 o 523 43767 38178 34251 15758 28281
14 | Wholessle 32045 187470 17743 1Tie7 9045 0 1897 299410 102280 58565 18152 48174
15| Publiec works of R-laevel 301 161 3 189 84
% [ o 225 24 213 44 an 17719
18 | Comnunity aesrvices
T R=Tavad 1846 184S 420 420 a1 o 108 4125 1936 330 1483 2663
1T | Governnenl servicen
of R-level o 0 0 0 0 0 0 0 Q [ 0 0
18| Clericsl Businsss 208057 1417518 a ] a o ’] [t} 1} '] 0 1]
19 | Water supply 3194 1533 381 4609 473 24
20 | Residential buiiding ] ] ] o 0 3 o 2125 mg zs:; ‘503 3223
21 | Passenger Lrsnsportation 40585 130411 4852 15341 19053 o 990 38787 17118 1547117 7959 T4333
22 | Freight transportation 40320 90843 14781 4037 4985 a 59
| W dmeasuaielins ol Al ey i e 1593 129283 33008 50358 25794 136848
|
24 | Finance, insureance and 3 214 13 e add 8921 yEIT HOSI5E
ekl walute 292333 BITHE2 10412 55380 146877 0 8356 BE625 163602 14093 41112 BO1BTA
25
e ::::::::n::::iﬂs ngg‘i 213?;; 15::: u::; 29;:; 0 Ba4n 106009 585884 392771 20858 359048
0
2T | Publie worka of P=levsel a9 52 1 85 27 v} l:g teg; ‘:; i S d540
28 | Comaunity services 14 i 57159
P e 10459 12684 185 2414 2273 o 418 8348 agsT 2284 3428 20483
29 | Government services
of P-levesl 9 8 ¢ ] ] 0 0 0 o o o o
30 | Retail 15637 T9834 2145 18532 4518 0
1183 1
31 | Personsl services 2578 430 308 1402 168 0 ase ::3: NT?;E ws;:? ?E:E b
32 | Public works of C-level 239 128 2 158 66 0 178 19 217 35 iaa
33 | Communitly services 29 14026
e 24168 508 252 1150 13t 0 292 2888 1391 321 11869 1506
34 | Government services
of C-level 3 0 o 0 o 0 0 0 ] 0 0 a
35 | Sewage and wastle 1
PSR 924 3280 138 g02 249 o 'Y 1418 3059 1030 959 4291
36 | Intermadiate inputs 22915637 1548928 232053 378302 390609 0 68501 2686917 | 2182418 1263050 310752 | 2710202
:: ::;::.::::; el 202 T4S -82 108 -544 ] 23 ~258 231 215 59 1063
SetEiA s FobsaNo T 66109 335174 12485 7104 31263 0 4161 121367 93889 35108 23667 168887
:: g:::::?;;l::'::“:lnloyoos _a:fgga 1858799 134649 581852 605370 | 4275579 87091 869760 808488 TOT433 622000 | 2143454
] T L i e NS 1 1 1380174 46380 896 0 0 45569 690008 154138 104003 -22459 4035521
capital 285825 3ea191 38413 47871 31932 0 39714 116548 172430 T4T18 318812 | 1538674
42 | Indirect taxes 88611 212513 3409 487 5448 o 23
" 58 54972 31008 24457 15217 374869
43 | tLess) Current subsidies -T8654 ~37866 ~-2283 ~10581 0 1] ~12419 o ~58143 -6050 -2029 ~69854
i4 | Total nfoas value sdded 803870 1083830 232871 ?a?'re: 76467 1275579 |66497T 1852400 1153543 438882 956367 | 8190635
45 | Production 3085507 | 7640756 465024 1107029 1067076 | 4275579 235299 | 4539317 | 3335961 202932 1267118 | 10900837
Table A.1. The regional input-output table (1975; Part 3}
25 26 27 28 29 10 31 33 34 35 28
Business |entertainnent|Pu211C Comaunity | Governsent Retail Personal |Fublic Cossunity | Governaentl | Sevage and | Intersediate
i vorks services services Clat seryizas vorks services services yasie desands
services of P-tevel |of P-level |of P-level of C-level | of C-level of C~level | samagoment
1| Agriculture. forsstry and 5349 4926 T432 447801 0 2882 243110 2910 29838 o 551 1808085
seaalaa
2 :l;:?no.“ 3740 1421 104892 1727 293 3437 32786 41619 3244 217 264 3881318
3| Food and beverages 7208 5722 5129 8828 0 2933 595852 632 52091 0 133 2258844
i| Textile 19385 4592 9200 5675 5163 188653 14589 2744 11608 3829 1108 1329750
5 | Wooden and paper 382191 14015 32898 14791 LER 618861 3I6T1S 6245 35044 5208 2720 3878308
preducts
6| Printing and publishing 352880 20887 5198 36572 18613 18800 12538 1459 52217 13803 a78 1450081
7| Chenical products 79382 44528 38094 98903 8720 32721 45894 20817 £18389 6467 7917 8734260
8| netanl products 24542 8503 285337 8349 1593 34829 26600 56120 23071 1182 1121 gBz2282
g | Hechinery 7817868 140886 65704 11717 920 15417 15427 10263 2713386 683 2538 8976519
10| Other manufscturing 203690 19210 290198 11869 4888 35287 50087 T4780 25809 3624 2230 3617210
11| Electricity and gas 22839 28048 20898 24988 53717 58629 1201886 1757 51685 1987 7257 1526098
12 ’::!‘;:T:""‘“" 11904 17074 st 10288 12084 s121 6498 513 22313 2539 2202 1092782
i @
13| Far-Tlung transportation 35891 7798 27580 11231 14198 31785 183986 6938 19286 10530 1133 1784552
14 | Wholeanle 220123 20085 110623 37936 4913 41093 190145 25958 108895 3644 3051 1956312
15| Public works of R-level 184 33 18 198 278 203 105 Il 436 204 a 23300
16 | Comnunity services 7958 828 2838 674 (1] BS54 807 594 1132 ] 138 307141
of R=level
17| Gevernnant services o 0 0 0 ] o [ 0 0 0 0 0
&p SR LRYEL 0 4275518
18| Clerical business ] 9 o 0 o 0 0 o ] g
19 | Water supply 2088 3882 1787 5890 751 1098 25885 151 13108 557 312 134731
20 | Residential building 0 0 ] 0 0 0 o [} o o 0 0
21 | Pessenger transportation 48710 29488 27874 16795 32981 160249 58724 7087 3414 244413 3084 1304312
22| Freight transportatien 54017 26483 81120 8587 B134 163682 T4249 21381 13450 8032 34147 1798423
23 | Communicstion 50802 23122 12098 8873 7251 Bl1183 21846 3404 17338 5371 2572 B11321
24 “"T““'; :""””‘“ Ll 132409 67842 84728 27018 82969 391885 170311 14804 65097 81528 5002 5502080
resl eatate
25 | Businesa services 215510 81474 86399 52051 33148 360634 69761 21283 50040 24580 T409 4879103
28 | Entertainment 238118 61232 1347 797 521 158 28114 166 1434 388 181 334108
27 | public works of P-level 60 107 8 84 %0 58 3 1 142 88 13 7572
£ ‘o:‘:“'l‘::’l“”‘“' 15520 13293 5287 2822 118 9422 96826 1074 14097 575 1137 477102
¥ L]
29 | Government services 0 0 o 0 0 o o 0 0 1] ] a
of P=level
30 | Retail 95139 29643 8875 17871 5287 60923 138720 2857 42204 3s20 2712 1201055
31 | Personal services 4210 3288 3435 3648 5 1402 2353 423 14223 3 485 F4620
32 | Public works of C=lavel 147 263 14 158 218 182 84 3 346 162 32 18523
33 | Community services 3502 2352 2787 1738 2 818 1768 345 4058 2 280 e111s
of C=level
34 | GCoverpment services 0 0 o 0 o o a o 0 0 0 0
of C=level
35 |'Bewsge and upate 1197 4238 998 2068 8546 3378 15388 179 4351 5338 258 98283
asnagement
36 | Internedinte inputs 3017273 559139 | 1307093 877631 266042 1581032 | 2055782 332448 1157881 197282 93392 73203723
37| Scrap metal 488 189 -92 191 =548 498 434 -10% 351 -405% 32 BT568
38 ‘°:’“:":\°" ';’::“‘“’" 120887 49603 58778 18452 25292 1322331 98302 17822 46225 18830 1382 2730148
outside ousesho ]
39 | Compensation of employees 1288843 1887172 704023 936990 80TESS 1888782 1327003 193688 1870943 5988915 188056 31831138
40 | Opersting surplus 4593386 318722 268502 67924 a 11755489 585212 64143 300474 0 12938 152256762
L2 :::t::}_"i‘”‘ ot Iixed 173885 118848 202382 88217 21162 187180 185083 55059 167812 15692 23886 7328880
i
42| Indirect taxes 55020 248175 19993 5688 Q 138784 182121 4780 24186 '] 1748 35568611
43| (Lemss) Current subsidies -3964 -2075 -E0SE -22682 Q -2767 -2318 -4344 -1924 o -173 -T8T7443
24 | Total gross valus wsdded 2075474 1178016 | 1257840 1076768 953664 | 3529340 23757886 331065 | 24068868 £3202313 230880 59782665
45 | Production 5092747 1738154 | 2564832 | 1954400 1119706 | 5120381 4431578 663514 | 3604560 830315 324272 132866388
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Table A.1. The reglonal Input-output

table (1975: Part 4).

3T 38 40 a1 a2
Consunpiion Lotal e a3 ““ &
supendlinras '“““!f oraranant Frivate l:’:::; Governnont ::'::';‘“ Mot i ¢ 4, 17 a8 48
estaids 25 lon | foa | ‘housing foraation housing Torstsish el Inereasq Eyport |(Less) laport|Total final Production
dovsehalds  feapendltures| cspenditures | wrpenditares | Investment |ascest houstag| lavestaeny eaeest dousing In stocks demand
V| Agriculture. forestry and 271327 1188746 o o o e
tish 20
.| L ::;.. g ks : s : : 0 22 130708 1988013 -2391424 | -555088 3342568
3| Food and baversges iT8028 4731103 0 ] 0 280 0 101 -66980 22628 -3230573 | -3270773 410548
i 4514 0 16286 -
SEET1a i) B s ¢ o M P ’ §608 | 1218712 -1785308 | 4357083 BB1ER)
& | Wooden snd paper 3150 3237 817554 -1523133 919255 2245008
Sréduote 133138 0 0 0 185318 [ 39727 -27083 $89834 1873804
8| Printing snd publisning 200274 o 0 5 1808 157281 -807252 327T105)
T | Chemicsl producta 430024 0 0 ° e 0 578 29180 885281 -132910 882972 23530853
o] netiar pradiets o - . 2 e [ 2048 28805 | 2832781 ~1715967 | 1587383 83216844
9| Nachinery 44702 | 1087485 0 ° o 4131998 0 28249 45818 | 2042122 =3033158 1310448 8953330
10| Other manuracturing Siens bl 4 3 ‘ g [ 855374 | 174588 | gdse20y -4209691 | 11209501 18186020
LL) Eawatedaisiinne gdy 199 | 481983 0 ° o 18787e 2 SNy 21523 [ 1s01311 | -1380718 | 1038518 4858730
12 | Men=renidantial 0 12740 48 101483 -306493 4717542 2003840
bulld 82 L1111 ] 0 o| 2224444 [ 122378 L H 12024
13| £ g T L g8 1592 SeEse % : E i -11258 | 2952014 1048178
14 | Wholesals 13830 | isesozs o b g b 0 211448 6200 | |8S853S -1184019 | 1310955 2095507
15| Pudlic works of R-lavel 0 0 0 0 0 15919 0 113853 46387 | 2205487 ~11d41128 | 3881444 1840758
18 [ Community sarvices 0] 425808 ° 0 ° 41724 i6505a
of R=tavael 105 184192 104080 521838 @ T5% o 2712 28
17| Devernment services 11809 -3488 185888 1107029
N 0 128213 940883 o [ o a =
18| Claricel Businsss ° & P i 5 g o ° o| 108707E 1087078
;: Vater supply T8 106080 3 . - —k : ° 0 (] (] o 4275579
8 :tnldln 8l bduilding 0 0 0 0 4285087 i fTize0 l: 5 T84 -892 100588 235299
sssenger Lransportation 15 1785041 0 0 0 28983 o 0 0| d4s3s3IT 4539317
22 | Freight trensportation 11217 104178 0 . P SoTYe o 189898 T8 94001 47277 2031842 2335980
23| Communiantion 158 | 250208 0 0 0 54 o soss 5383 | 168137 -19238 | 408511 2202933
24 | Finsncs, insurance and L) 1Tas4s 28 isg12 -z4019 455787 1267118
renl estate 1031 | 4774808 ] 0 0 Tazs [ 28719 250
28 | Suninens wéiviosa iThe B 5 : N A 812141 ~198446 | 5398777 10900837
28 | Entertuinment 413603 eT2791 L] 0 0 1188 : 1252 " 341800 -18873% 213844 5082747
27 | Public works of P-level ] 0 0 0 ol 133747 4217 10 50195 -43193 | 1404042 1738154
20 | Comnunity services & o 1219583 o o ° 285708 Stiitas
of P=laval 1199 s88442 175824 182288 o 1333 ° $80 Z83s
29 | Qovernment services 5 43077 -150520 | 1417289 1854400
of P-lavel 1] 75112 '] 1044564 o (] o 0 o P 4 "
118708
30 [ Retail 151872 [ 3staess 0 0 ° 208044 Lk bad
31 | Personsl services 1491982 3043782 0 0 0 1023 & 16114 1"r 53105 =84891) 1919328 5120381
32 | Public works of C-leval 0 o 0 1089 102 274654 -417623| 4338858
o ° ° 24254 0 £20896 4431578
33 | Comsunity services T o ¢ ] 844551 683514
of C=Téval $3130 | 2588384 212089 858819 0 2459 o se8 8
34 | Oovernaent services J iz 41701 | 3513445 1804580
of C-level o sse9e 0 774818 o o 0 0 o
35 [ Sewage #nd waste o 1843 o 0 830315 830318
mansgement L) 174247 ]
TS BT TS T EIT T T 221 o 80 1 954 -902 225988 324272
42850
Ll L] 274200 | 4s9s414 89332 | 26641455 | -24951325 | 50782665 | 132385388
Table A.2. The reglonal Input-output table (1980; Part 1).
.
) 2 3 [ Yood 8 T 8 -] 10 B ] 12
. en H
Aaclculture, |y oo Food and | reytile Sl l‘r:all:: . Chenical | Metal Machinery [Tibee Eloctricity [voa-resideatial
forestry and beverages and publiabiag products | products nanulachueing | oy gas sullding
fisheries . products
V' PARYERAEEF: Earasing AN 487709 387 | 2s3r41s| 182546 | asi183 830 25170 1y 12847 112941 1742 3352
i8he s
2| nining 169 3381 1914 508 5202 845 | S115833 378883 10108 355813 763373 34878
3| Food and daversges 417340 501 | 1287130 2326 13430 2180 110188 17356 30216 8109 1881 1282
4| Textile 27198 1tz 20416 822076 31807 28275 25880 33268 103102 136338 5783 14212
5 ::::::t:"‘ Rupef 16494 118 1280897 6250 | 1642672 733166 193386 48872 208542 2692189 12204 380026
6| Printing and publishing 5948 1184 30547 113113 224704 98711 30453 26154 115412 26377 5945 7235
7| chesical products 450428 8593 253064 215028 221484 157748 | 391828% 918803 s07073 | 1208876 B17160 133626
2| netal products 31508 1201 187323 27888 125993 28511 148157 | 7788781 | 4822478 191712 144388 | 1203287
9| nechinery 33940 3810 40852 7084 23T88 9438 47213 97160 | 10086575 93582 30708 285844
10| Other manufacturing 51014 2435 197799 38445 B9TT2 48898 253358 150119 | 1855935 | 1225012 15603 079208
11| Electricity and gas 23868 131156 1041560 316837 120370 42555 283864 585470 395801 219070 520717 47184
12 ::T::::;"“"" 20857 2170 27317 7303 11045 9334 14600 $3662 85462 23568 55501 T
13 | Far-flung transportation 25822 3584 §7031 13878 38763 35730 50479 113827 153846 74812 28512 32774
14 | Unolesale 73985 21789 157084 155308 254400 175744 100232 502558 | 1355354 418858 §3335) 389138
15 | Public works of R=lavel 414 40 452 138 173 174 513 817 1435 401 1110 153
S Bt s 1268 aen 14340 2355 1813 1927 114268 13621 370068 19815 10101 5758
BT SANSERARRIE ALV H 208 26 147 121 242 124 128 7186 1587 332 201 313
18 | Clerical Business 4035 34010 213743 76930 155485 488948 423953 ta7691 | 1863118 324950 272825 3242581
19 | Water supply 556 315 12398 1893 8781 832 28306 12882 23450 T893 28514 5281
20 | Residentind bullding ] 0 o ) 0 ] 0 ] o ] -] Q
21 | Passenger transportstion 3418 BS70 12218 6228 8704 9035 28653 28045 81691 22878 5247 18077
22 | Frelght transporteation 40701 5378 100817 15053 37173 22050 94053 E2108 188338 132889 23921 89343
23 | Comnunication 11198 2082 22343 9885 21218 14294 85138 54678 187851 28708 £811 271147
LG f:::'::;.::'“"'°‘ a8 83289 27833 128080 92241 124919 12828 172110 3176772 635179 182695 245150 1248014
25 | Business services 120085 41472 436585 120801 162328 184502 152112 450458 | 1302039 3T1422 220715 287270
26 | Entertainnent 878 136 2113 424 1297 6578 2339 (502 8170 2141 128 1084
27 | Publiec workas of P-level a7 L 108 32 41 41 191 216 338 e 2718 38
o [ e S e 3530 1555 | 128370 10455 10255 8235 12923 83501 162883 12251 15736 30053
s it e iatblha 1048 123 2263 814 1228 538 3667 3542 sttt 1943 1021 1820
30| Retail £8375 17247 39481 20703 31723 18420 36556 61468 155092 82319 11150 127660
31 | Personsl ssrvices 1719 344 1019 1074 3283 1350 7438 12154 20768 5218 1083 2745
32 | Public works of C-level 286 28 312 94 120 120 562 533 991 2771 208 106
AN Ermedgtay Savespus 1335 208 sa3s 834 2553 1087 s794 842} 18022 4200 853 2140
of C=lavel
34 | Government services
b errbids 827 105 1793 185 T 140 2923 3118 sa12 1538 801 1280
e 574 492 1054 3041 5385 4573 28977 8217 36528 6844 172158 5335
manegenent
38 | Internsdinte insuts 1896350 295144 | es23sos| 1854571 | a3sszzes | 2702237 | 12450785 | 12395842 | paseseos| svissas| 292ieza| 43s1413
37 | Serap metal 214 27 484 126 251 192 3126 355854 | -224837 -2253 -104 -3318
38 | Consusption sxpenditures 27694 19445 171801 44279 glest 123297 2878113 197690 578713 151358 18553 168948
outside households
39 | Compensaticn of enployeen 335736 59534 TT4ITA 476423 895295 701251 602084 | 1843763 | 4570178 | 1233311 218817 | 1044007
40 | Opersting surplus 1531734 107806 733975 73818 262802 258301 594427| 1118994 | 2335380 403875 515501 928608
“ :::::::"‘°“ e 187385 s5198 | 278278 88458 173898 s6438 578221 665351 | 13ze4es 153388 381235 222186
42 | Indlirect taxan 128038 13534 | 1182878 31563 83193 47168 a42741 178550 181020 174340 178170 T3382
43 | (Lens) Current subsicies -112884 -3804 -~255058 =12582 -2482 -1880 -T463 -T957 ~2ABS5 ~3880 «2373 ~3268
44| Tota) pross valus sdded 2377944 261738 | 2885310 715212 | 1274914 | 1214756 | 3oo2g4e | avez2es| eseooss | 24nceas| 1348303 | 2422582
45 | Production 374294 ssesd2 | vssesis| 2ss7783| s137200 | a3sisne2 | 1Ses371a] 16288139 ] 3302ssen | mizsive| ezriin | atvassy
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Table A.2. The regional input-output table (1980; P

art 2).

13 14 15 o 1€ 117 18 18 20 {
far-tisas  |Wholesale [Peblic vors) “" MY | covernnent | Clorical. | Water . ot L) £ w
trantportat fon) of R-levey | *ofvices setvlées by Residential [Passesger Freight nance,
of R-level | af i-level ess | supply | buildiax 4 anportatlon transsor Lat lon ConnunicatlonfIm3eTance nd
Yl R arioutaees: tarsateyand 1004 2382 585 3824 10 IR
. tisher |on =L 0 341 3417 2145 1054 3132 008
fAiniog 9232 2038 53451 2801 48 ¢
3| Food and beversges 3841 7972 887 3213 1igT = 1089 €383 11382 izs 3315 3861
4 Textite 21823 21122 1293 6508 10083 o Ly AL afdihs 2438 3855 18713
5| Woodsn and paper 1220 43809 10851 1002 10398 27194
decuiste 17082 90087 13156 34834 8980 b oA O S rad e i Al
8| Printing end publishing 10264 $5171 1040 1866328 22718 G i 4
tAfChensowt, idiaata Se¥sa0 Pl isiin it adl g 1882 5354 82867 G138 39841 142231
8| netal srogucts 85204 24020 19222 13610 2897 . 13510 111688 132257 196563 28281 30431
9| nachinery Rl airty bt s s e 3370 159326 97607 10435 73477 15051
10! [/t ha e mt Al E e biEr e gieiofs postplob b Mo T o 3238 144443 86806 11101 17224 15352
1] Electricity and ges 90204 | 107528 nezr| 1o 2 Al assaow 53074 4626 21118 16878
. 5583 22443 o Bodds
12 | Non=-residantial TN 5499 268918 20877 7401
*ul fdin 28141 10704 1599 caete 1454
b o 2eds) 8371 3550
13| Far=r) t % * TIR Teis 882705
] ung transpertation T50348 109588 5468 jgo6g 21809 0
14| Uhotesnls sta18| 374818 42810 44070 21484 St A0 St E4203 23443 35208
15| Public works of R-lavel 569 1448 21 918 % o 5055 428451 59076 41438 32804 101982
18 | Comaunity services o S14 148 128 125 118 16669
el e S A 13859 3890 757 1103
W z 0 279 5457 1133 1045 25408
17 | Government services 189 s00 s 8434
of R-lovel 157 B o = -
18| Clorical business 531558 2355868 [} 0 0 o o 0 F2x ¥R LEL il
19 | Water supply 408 337 L 0 0 0
20 | Residential builaing P e e i e ° 87 sas1 684 5202 1032 sT8s
21 | Passenger trensportation 54380 150111 2944 22785 24703 £ e o o [ ] o
22 | Freioht trensportation 58188 20075 12528 1128 3539 2 288 18522 ZRZIN 28414 5423 35855
23 | Conmunication 20311 | 284329 4713 315659 18722 5 Shes AL ek £1029 s 18842
24 | Financs, insursnce and o 2082 19364 10800 18902 34061 184288
Fiprhode cpdd s 289697 | 1425357 18504 106529 13212 )
oo | o ; 19958 128129 142108 T80 12507 114217
Usiness servican 114300 551081 B4058 183220 131283
28 | Entertainment 11 S 4ade eh s e 0 22420 231915 200121 177081 72083 154731
27 | Babt i iorda ot R avei 154 - < s 49 o 228 1089 736 580 1124 5123
28 | Comaunity services o 121 35 1 29 21 4397
i e 21980 34190 414e 8354 1808 0 1217 25082 1
29 | Governmant services 857 30 i oy i3 s
of P-lavel a1 0
30 ln.n". 181 : ] 11 o 107 18 557 e827
18967 1407
rll oot s o ”:: 1;:; t:;:‘: 13:3: 0 2368 181717 22048 £3522 14078 66244
32 | Public works of C-lavael 3el 1000 14 632 o S92 2757 1849 1139 2955 12985
33 | Community ssrvices 3 e 0 ss 102 501 a6 50 12610
of C-leve) 44187 3400 Sa4 1723 11 o 451 2135 2588
34 | Government services Py 246 taie 2192 10088
of C=leval 409 0 630 L] 0 8
35 | Sewage and uaste 28550 " 4 d sk 404 441 iess
11830 s
38 :::::::::':lo insuts 2911328 = e ok’ 3 s 5554 13468 3483 3530 83857
i 6221305 497023 | 1024334 60547
e R e T oy == — o 3 o 173281 | 3s8738s | 1099219 741628 §03719 | 3598246
38 | Consumplion expenditures ) 2 23 -403 =1437 108 22 946
outside houssholds 18188 604803 10537 20881 57010 0 7860 | 185119 8
T 3324 63375 29138 186545
ospensetion of smployess 594410 2951241 293100 2110510 S28880 T32928
40 | Operating aurpiua -96849 2173732 69308 8251 0 2 178724 1485042 1330018 1038349 873176 30632808
41 | Deprecistion of fixed s lo1es #01788 235858 189504 170288 | B1S3403
bhds o 4t 233883 531467 52042 198105 50504 0 s
5048 1gsses 254398 112388 524367 ap1nze
42| Inairect taxes 73472 451993 1523 018 10d6a 5 L
43| (Lass) Current aubsidies -206350 -89441 1344 -31888 H 5 ;;:;E 17028 52049 43255 32283 €66663
et Total be - - 0| -100m12 -23311 -1395 | -303842
033 velus sdded 573538 | 8524411 433078 | 2309971 | 10%%884| 7328252 290483 | 2797560 | 18ss0e3| 1423812
45 | Production 3584863 | 127457117 537000 333430% 1865337 1727865 | 167670185
7328252 463744 | 6884925 | 2957302 | 2155238 2331584 | 19353281
Table A.2. The regional Input-output table (1980; Part 3).
25 26 28 28 10 31 12 34 38 s
Business |Eatertalnsani| ¥P}ic Community n"‘“:“"“' Retaj] | Personal | Publie Comsanity | Coverament | Sevace and | Jatermediate
s vorks services services vorks services seryices Taste ¢
ezands
it of P-level |of P-level |of P-level sorvices of C-level | of C-level | of C-level | sanagesent
t "‘::;:::::"' TAFEREL Y (ARA wn 13705 11951 528392 11 3026 | 4083es 6110 13552 3 242 49585869
2| nining 2032 804 174264 932 3 1554 1481 12710 2035 24 178 7060203
3| Food snd beversges 10431 4783 2480 23019 24 2037 969304 1238 B4173 19 saz 3048264
4 Textile 47518 8625 1978 19811 1946 12579 32091 1587 21421 6282 3850 1647487
5 ::::::':"‘ SApRr 903871 17418 49387 40514 774 93297 s0008 16732 8311 §146 ss2¢ 6238675
6| Printing and publishing 853977, 35978 8695 59788 31768 31575 21817 2464 85783 25113 2858 28a3811
7| chemical producta 217384 114728 132381 219594 24852 343850 170484 58364 860896 19647 50955 12558568
8| netsl products 50827 12358 436022 18302 1950 49948 £0610 108392 38169 1542 3598 18787345
9 | nechinery 1265112 13920 11880 16283 3439 35945 13883 28307 41630 2719 2888 13066728
10| Other manufacturing 366993 29218 460128 28643 s08s 56543 83248 144237 41203 1182 5080 §564841
11| Electricity snd gus £3840 54435 32788 51920 25432 134718 260188 18447 110502 20108 33818 3412983
i :::‘;;:::"“”" 35894 31237 5767 23521 3sz02 64081 23394 2232 11149 21828 8956 1184818
13 | Far=flung transportation 81251 18824 22028 18931 18564 52707 3e702 7289 32832 15488 4380 2040827
12| Uholesnle 457581 45984 185263 88885 11883 113567 326749 s0271 202531 $238 14843 £932770
15 | Public werks of R-level 530 521 ' 459 155 1281 481 29 so2 5§71 142 35834
S B R 15070 1084 3050 1300 : 2788 155 1020 2078 7 108 888050
4 R ol ot Glalediaa 498 140 0 148 0 e 354 0 213 o 39 9304
18| Clerical businsss 0 0 0 0 o 0 0 0 o o 0 1320282
19 | Water supply 5055 7020 2908 13170 2087 3212 18836 890 256517 1628 1247 282817
20 | Residential buillding 0 ] 4] L] 0 0 0 ] o ] 0 0
21 | Passencer transportation 17458 18897 12365 12453 32038 s1832 26494 4128 16950 25328 3402 §33877
22| Freight transportation $4358 17178 49902 12223 2308 28059 19141 18827 17358 1825 13183 1440885
23 | Communication 82902 51874 18968 23807 18278 124080 44383 8483 37883 12887 GETT 1541534
2 :::‘:"";'::"’"“ s 384540 127440 17818 s5160 984 162008 212729 25738 111837 1182 18409 1452538
25 | Buai rvices 596833 183865 250827 130208 89516 178881 ICEREE 91775 228580 70767 54458 9454702
26 | Entertainnent 535345 100088 113 1110 244 1910 5625 388 1718 193 154 591665
27 | Pudlic works of P-level 148 148 20 108 178 301 113 T 189 140 33 8158
it [ it soote 50244 17842 5833 : 25965 | 185403 5832 31883 B 2617 1124581
29 Oovernnant ssrvices
i 2529 T 0 128 o 2121 1789 0 1388 ] 196 aT208
30 | Retail 215140 42989 19862 45750 12581 120188 311385 8511 106304 5954 12052 20254089
31 | Personal services 7248 2875 1957 2920 23 s112 1579 s82 24947 18 1817 145880
32 | Public works of C=level 435 434 5% 3T 82t 885 332 20 554 a2 se 24848
o et S 5650 1680 1518 2127 19 4079 897 180 a1 15 201 140388
S Sov AR A R freTus g 1999 582 0 584 ° 1817 1422 ° 1098 0 158 31388
3s
et YA 1289 12918 €381 5478 428862 1 38358 504 20714 33848 1000 383128
38 | Internediste inputs 8153141 | 1041205 | 2087290 | 1488584 387701 | 2954710 | 23836588 688004 | 2330027 308500 256188 | 122433430
37| Serup meta) s17 145 -180 151 [ 434 310 =211 284 [ 40 170287
S ot ol 233088 18874 15598 43588 303854 | 208777 | tszsso 27080 s1881 e 1adBa at14aas
29 | Compensation of saployess 2843293 625470 | 1053847 | 1388338 1211858 | s3Isesz0| 214304y 409871 | 2613853 357884 415298 51489181
40 | Opersting surplus 853743 BB4202 246845 93114 ] 1747224 B53421 93543 44334 (] 42841 25941580
4 :::::::""" AL 272683 191828 224281 107808 FETSL 340848 318088 78580 2695863 24840 21131 12818692
42 | Ingirect texes 133188 373877 38088 20994 0 251328 108648 10280 T1128 ° 8138 8527537
43 | (Less} Current subsidies -11852 -3027 -T518 -30530 Q ~4478 -3631 -2708 -2803 U] ~388 -1282622
44| Total groas value sdced 4424606 | 1931260 | 1627916 | 1603623 | 1284827 | 5016665| 3886405 516215 | 3477058 | 1023637 561301 56888132
45 | Production 10577748 | 2972485 | 3695205 | 3092208 | 1682528 | 8871675 | 7522982 | 1304223 | 5807085 | 1330137 §21080 | 222319562




Table A.2. The regional Input-output table (1980; Part 4).

ol

37 28 Lol 40 41 iz 43 'Y a5 is a7 48 a9
Contmapilon  lgoggehold | Private Jrivata Gov FYAEBRALL
torarnaeatl iptisl , ernaent A
sremitarss |consunption oasiniten: | hovitar [T (PR PO it r:":x:“" Export [(Less) l-wrtI"“ld““l Production
Neusehatdy dlitures| expeaditorar | wapendiinrns Investaent |escept honalng| Invesiment |srcept bowslag ' N -
J :?:::::::"' EEERELENAERE 13998 | 1848017 0 0 0 39527 0 0 -98187 801963 -2819380 | ~584285 4374294
2| nining 0 T433 0 o LS 0 ] [ 83952 23832 ~5818539 | -8503322 556082
3| Food and beverages 228801 7272636 o L] Q o o 4] -2584 2029800 ~3088998 BA40554 s4gBB1E
4| Textite 91469 | 2003407 0 0 0 22529 0 40258 5393 805581 -2012588 912816 2587783
3 ::::::l:"d RERAE §969) 130857 L ° 9 219558 0 475458 83177 868238 -26200840 | -1101475 5137200
6| Printing snd publishing 1839} 480818 0 [} o 0 o 0 8334 | 1144472 -256932 | 1373182 39189892
7| Chenical products 18867 | 1842878 o o 0 o o 0 899 | 5106026 -3921555 | 2905116 | ~ 15483714
8| Netal producis 53211 287595 [ 0 0 196588 ] 31978 =-22617 5173231 -60341894 -299208 164883137
9| Rachinery 59058 | 1813625 0 ° 0| 8364899 0| 13434471 866537 | 18352578 -7T741281 | 20858862 3392559
0| Other manutscturing 122384 | 1120181 ] ° ] 175994, 0 37283 15904 | 2728880 -2740074 | 145053} 8125172
1| Etectricity and gas 1240 | 1011411 0 0 0 813387 o 17829 ~1287 148013 -932544 858148 427113
L ::T;;::;““"" 0 [ ° 0 6| sssesre o| 1184928 -2041 9571 -20042 | S009281 5173967
13| Far=tlung transportation 1838 889594 -14780 48289 0 12723 o 351731 3255 | 1490488 -1308935 | “1535236 35048863
14| Wholteasle 127882 | 2888807 o 0 o| 1030080 o 183052 42243 | 3585158 -1842054 | S812047 12745717
15| Pubiic works of R-level o o 0 o 0 10904 0 §90562 ) o o 901466 937000
18 ::';f?::rl""'°" o 131008 232081 | 1808800 ] 0 ) o -1005 87238 -9865 | 2848258 3334305
L ::';:?:::: it T b [} 8405 | 1847628 0 0 o 0 0 ] 0 o| 1856033 1685337
18| Clerical Businsss ] (1] 0 L] ] (] 0 "] 0 0 o ] 1329252
19| Water supply 254 181562 ° 0 o o o o -140 817 -1828 180867 163744
20 | Reaidentinl building 0 o o o| s3ssesz 318973 o o o o| sesaszs 5684925
21 | Passenger trensportation 28553 | 1518752 o 0 o 58387 0 431319 -231 208844 -119540 | 2123425 2857302
22 | Frelght transportation 17808 366381 o o a 68727 0 12880 5188 277987 =22074 T24642 2165238
23 | Connunication 81 510778 o 0 o 0 0 221872 -103 28210 -29887 780050 2331584
ES f:::““"l::'“"“°' LI 0| 11435508 o o o ] ] [ -5832 100872 -229819 | 11800726 1935326
25 | Business services 1358 856102 ] 0 (1 0 o [ -3188 808273 -139591 | 1123044 10577746
28 [ Entertainaent 850248 | 1592847 0 o 0 0 o 0 -898 53166 -83594 | 2280800 29712455
27| Public works of P-lsvasl 0 0 0 ° o| 1876038 o| 2010811 0 0 o| 3838846 1695205
(2 ::';f?:::"""°" 1824 | 1577913 282380 452787 0 0 0 o g3z 98097 -445747 | 1987665 31092208
28 | Qovernment services
Al P=Tavel 1] 53222 o 1582042 0 (1] [+] o (1] 0 [ 1835284 1882528
30 [ Retail 254408 | 8067741 o ] 0 540059 [ 27351 -28713 182585 -223183| 6845266 8871675
31 [ Peraonsl services 2175657 | 5913068 0 0 o 0 0 0 -2267 718428 -1431572 | 7373312 1522892
32| Publiec worka of C-level 0 [} 1] o o 20005 0 1259873 ; 0 o o 1279678 1304223
i ool b 13428 | 4774324 ssage | s2072s 0 0 0 o -1150 #s10 -12088 | sEEETIS 5807085
34 | Government services
S5 ol At 0 42075 o| 12506888 0 o 0 o o o o| 1282713 1330137
35 | Sevage and wastae
Sl bl a3 151775 0 287661 0 0 ¢ o 247 1161 -2429 137962 821080
36 | Internsdiste inputa 4126878 | 56565687 | 2202798 | 6056979 | 6365952 | 14961260 318973 | 8042102 151201 | 45243178 | -44748876 | 98888132 | 222319562

=f=]8

Table A.3. The interzonal time distances by car TFCC (minutes).

700 700 300|401 AD7 403 ADA 403 AD& AD7 ADS 409 410 [501 307 503 504 503 3046 307 508 309 510 311 517 [0} 602 K03 604 605 606 &07 #08 #09 610 Hh11 #12 613 141701 707 703 704 705 70K 707 70A 709 710 710 7i3f 01p
100| 40 144 A6 (10T JA7 119 171 1531 %2 130 i50 378 199 104 A7 117 100 V02 343 208 W4 139 140 220 JOJ | 97 91 96 113 104 103 91 AO 119 139 130 443 127 1190004 130 185 187 21 T¥0 3RS 113 104120 Ak 13/ 40
7oo(13a 34 j08| 7O B4 B3 129 91 AT 36 A 98 170|140 AT 156 I7H 1A WAE 7J0 713 230 162 242 324 (108 105 106 123 1T4 A01 100 W2 1FT 137 119 143 14k I27)050 141 356 142 111 130 I7A Ghe 1AM 130 FF 15300
[100[1As 104 331104 &) 90 A7 AT 111 A7 BA S &6 150 127 166 VB6 AR VTA 239 248 240 177 737 I34 0117 110 127 123 106 101 97 0% 113 147 101 127 130 1010145 1A1 150 140 137 121 173 40 1T 1A% 174 13E[107
4010109 70 104 11 42 13 &b &9 32 39 39 96 140 7 54 93 113 495 103 64 1735 367 99 179 7R1[ A5 A2 44 60 51 AR 38 29 39 6T 49 73 78 ha| ®7 7A 93 79 &8 &7 113 101 8% A7 14 Ay 44
anriar &4 AR] A7 AT 33 AT 3B 53 A4 5D T3 19170 96 13% 155 107 146 209 218 210 141 720 J0A| A7 A3 A6 102 91 AD YO 7?7 90 9% VT 104 206 RF[179 170 136 170 131 1001 357 443 173 130 136 113 Ak
4030119 RS 90| 1% 33 43 K1 3% AT 34 T4 B2 126 A3 6D B2 117 101 109 7Y 181 173 105 185 2eT| ST 51 36 T2 ST A4 X4 A1 A4 52 34 B3 41 SAa| 9% 90 10% A% AD 6D 123 107 87 83 120 T2 3w
wos 17y 129 a7| 88 &7 61 1A AT AT SR 101 T4 AA| A% 57 104 NZI 103 VRLOATS VAD AT 107 VAV EV[ 39 37 A4 &k PR 74 33 Ak Jh AR AT U5 G0 JE| AR 64 74 AT 3% 4k N6 RA O 7L ¥ eR[ Y
405|151 91 47| &% 38 33 AT 1B B TV 57 37 R4 113 87 130 151 133 142 205 233 204 337 N7 JOO| A7 VS BT RD TV AV 3R T4 79 B} kb 97 85 AN| 010 106 107 103 97 86 138 13T 113 103 140 101 a7
Aot | 92 67 311] 37 55 A7 Az BA 19 33 5T 103 sG] S0 67 10% 175 104 136 179 170 180 312 197 IVA| A8 33 47 6% b7 &A 54 IR AD 9 A1 102 104 #0) 9% A7 104 92 TA 7H 126 113 %A 100 126 110) A2
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Nole: These time ¢dlstances apply to the freight transportation.
They are caleulated by assuming Lhe Tollowing overall speeds; BO km/hr on the national
exprossways, 55 km/hr on the urban expressways, and 30 km/hr on the remaining routes.
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