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PREFACE

The International Institute for Applied Systems Analysis has examined a series of
targe-scale development programs from an international and interdisciplinary point of
view. This work began in 1975 and encompassed four such programs: The Tennessee
Valley Authority in the United States (Knop 1976 and 1979), the Bratsk-liimsk Territo-
rial Production Complex in the Soviet Union (Knop 1977 and Knop and Straszak 1978),
The Shinkansen Program in Japan (Straszak and Tuch 1980 and Straszak 1981}, and the
Kinki Integrated Regional Development Program in Japan. This volume deais with the last
of these studies.

The work on the Kinki IRDP began in 1973 with a scientific group from the regional
universities led by Professor Y. Sawaragi of Kyoto University; this group cooperated with
the Tokyo Scientific Center of 1BM Japan. Then in 1976 the Japanese analysis team joined
the |IASA group working on large-scaie development programs in a cooperative effort.

This book covers not only the contributions made at the Kinki IRDP Workshop held
at I1ASA in June 1978 but also the results of additional work done at [|ASA, in Japan,
and elsewhere. The first part of the book reviews the Kinki |RDP probiématique: the
region’s situation and relations to other regions, its administrative division, its economic
and demographic structure, its main congestions and other probiems, the issues and prob-
lems it faces, and so on.

The second part presents some findings of I|ASA’s 1977 study of the Kinki region.

The third part is devoted to some general aspects of regional planning and program-
ming. First, it considers the general regional pianning process and its relation to the Kinki
IRDP; next, it discusses some ||ASA views as to the role of models in |RD programs;then,
it presents the framework developed for organizing regionai programs and evaluating policy
formulation.

The fourth part deals with models for integrated regional development programs, it
summarizes the experiences of |BM Japan in developing and using computer systems for
regional planning, presents a method for recognizing basic regional issues and their struc-
ture, and describes a model for uitra-iong-term integrated development for the Kinki region.

The fifth part is devoted to models for particular problem areas: terminal site loca-
tion, environmentai impact, impacts on the living environment (inciuding cultural assets),
water supply and treatment, and water resources management.

The sixth part presents methods for solving regional probiems: multi-objective math-
ematical programming applied to social planning, the nested Lagrangian muitipiier method
applied to environmental system planning, and an approach toward group decision,

The seventh part sets forth some concluding remarks.

The support of the Japan IIASA Committee, Kyoto and Osaka Universities, 18M
Japan, and |IASA made the preparation of this study possible, and we tender special
thanks to all of them.

Y.SAWARAGI
A.STRASZAK
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Part I

INTRODUCTION



AN OVERVIEW OF THE KINKI REGION PROBLEMATIQUE

Y. Sawaragi
Department of Applied Mathematics and Phystcs,
Kyoto University, Kyoto, Japan

Y. Suzuki
Department of Electrical EZngineering, Osaka
University, Osaka, Japan

1. THE KINKI REGION

Since there is no local govermnment for the Kinki region—
indeed, its territory is only vaguely defined-—we can say only
that its area is beween abcut 27,000 and 37,000 square kilo-
meters. As shown in Figure 1, it is situated at almost the mid-
dle of the Japanese island and has eight prefectures: Osaka,
Hyogo, Kyoto, Shiga, Wakayama, Nara, Fukui, and Mie. However,
a narrower view would exclude the Fukui and Mie prefectures.
From the view of economic relations, there is a close interre-
lation among the seven prefectures (exclusive of the Mie pre-
fecture):; evidence of this is shown in Figure 2. In fact, the
division of the Ministry of International Trade and Industry
(MITI) in Osaka serves these seven prefectures.

1.1. Geography

The area of the eight prefectures together is 37,200 km2
and the population was 21,200 thousand in 13975, the shares of
the Japan total being 9.9 and 19.0 percent, respectively. Almost
68.3 percent of the Kinki region is mountainous; the inhabitable
land area is 11,100 km2. The region contains Lake Biwa, Japan's
largest lake, with a surface area of 630 km2 and a capacity as a
water reservoir of 275 x 109 m3. "Biwa" is the name of an old
Japanese musical instrument like a lute, and this name is given
to the lake because of its shape. The water flowing from the
lake first becomes the Uni River and this becomes the main Yodo
River after joining with the Kizu and the Katsura Rivers. The
main Yodo River flows through the Osaka Plain and finally into
the Seto Inland Sea.
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Figure 2. Wholesale transactions among seven prefectures of the
Kinki region.

The Osaka Plain has an area of 1,600 km2 and provides the
nucleus of the sociceconomic activities in the Kinki region.
The northern, eastern, and southern fronts of the Osaka Plain
are surrounded by mountains and only the western front is open
to the sea. The southern part of the Kinki region is the Kii
Peninsula, which is occupied by high, steep, mountains; however,
the Kino and the Kumano Rivers offer plentiful water. The upper
nalf of the Kinki region is a mix of mountains and basins. The
northern border faces the Japan Sea and has a lot of snow in the
winter season; it is an underdeveloped area in the Kinki region
and has a sparse population.



1.2. History

The Kinki region developed early in Japan's history. About
13 nundred years ago a cultural exchange was made with Mainland
China by voyages through the Seto Inland Sea. As the chronology
of Table 1 shows, the national capitals were in the Xinki region
for almost 1,000 vears, from the Aska era to the Azuchi and
Monoyama era. The capital moved to the east at the beginning of
the Yedo era. At the time of the Meiji (Emperor's) Revolution,
the name of the capital was changed from Yedo to Tokyo.

1.3. Industrial Activities and Heritage

Table 2 shows the ratio of major indicators for the Kinki
region to those of Japan. Roughly speaking, the Kinki region
shares around 20 percent of the various socioeconomic activities
in Japan., As Table 3 shows, more than half of the important cul-
tural assets in Japan are in the Kinki region, since it was the
carliest to be developed. An important feature of the Kinki re-
gion 1s that both population and industry are highly concentrated
in the Osaka Bay area. The center is Osaka City, Japan's second
largest; 1t is the capital of Osaka prefecture. The industries
located on Osaka Bay are predominantly heavy ones, including the
iron, steel, and petrochemical industries. All of these features
are the origin of the present problématique for Osaka and, in a
broad sense, for the Kinki region.

2. THE PROBLEMATIQUE

The problématique is well represented by this phrase: "the
sinking of Osaka in comparison with Tokyo."

The changes in Osaka's economic status are shown in Table
4. One sees that the wholesale amounts of exports, imports,
b1ill exchanges, and security exchanges, have decreased markedly
in the 20 years from 1955 to 1975. All of these have close re-
lations to the economic nucleus management function.

Table 5 compares various nucleus management functions be-
tween the Osaka district (Osaka, Hyogo, Kyoto) and the Tokyo
district (Tokyo, Kanagawa, Chiba, Saitama). It is clear that
the Osaka district has as a whole been losing these functions
to Tokyo.

Although there are several reasons why Osaka is losing to
Tokyo, the following two are considered to be the main ones.

{(i). Tokyo 1s the national center and, as a result, almost
all of the national functions are concentrated in Tokyo. All of
the ministries' and national agencies' offices are located in the
center or the town of Tokyo. When private enterprises want to
get permission or approval they have to go to these offices, so
it is convenient to locate their headguarters in Tokyo, even if
production activities are far away. Important information es-
sential to nucleus management functions is also located in Tokyo;
for example, almost all of the research institutes are located in
the Tokyo district, as shown in Table 6.
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Table 2. The ratlio of the main indicators of the Kinki region
(elght prefectures) to those of Japan.

Iten k3
Area 10.0
Population (1970) 18.8
Population increase in 1965-1970 25,4
Arable land area (1972) 3.4
Agricultural production (1971) 10.0
Number of firms (1970) 19.5
Number of manufacturing employees (1970) 18.4
Value of manufacturing shipments (1970) 24.9
Wholsesale and retail sales (1970) 25.1
Exports and imports (1970) 23.6
National tax collected (1970) 23.8
Local tax collected (1970) 21.8
Local and discounts of banks 23.6
Distributable national income 21.0
Sources: (1) Office of the Prime Minister, 1970 Population

Census of Japan
(1ii) Ministry of Agriculture and Forestry, Census
of Agriculture and Forestry
(1ii) MITI, Census of Manufacturers
(iv) MITI, Census of Commerce
(v) The Bank of Japan, Yearbook of Economic 3tatistics

Table 3. Important cultural assets and national treasures.
Arts and crarfts Buildings
Important Important
National cultural National cultural
treasures assets treasures assets
Japan 818 3867 207 1373
Kinkz 439 4365 154 339
] 53.7 49.2 7u.4 50.1

Source: Agency of Cultural aAffairs, Yearbook of Agency for
Cultural Affairs.



Table 4. Osaka's percentage shares of Japanese economic
activity from 1955 to 1975,

1950 1960 1965 1970 1975
Industrial shipment 13.7 13.3 11.9 11.4 10.3
Wholesale amount 25.8 27.6 22.1 20.8 20.9
Export 52.6 46.1 37.6 30.7 24.9
Import 33.1 28.0 271.1 16.5 13.5
Retail sales amount 7.4 8.4 9.1 8.8 8.5
Outstanding deposits 14.6 15.1 15.9 15.2 13.8
Outstanding bank loans 18.1 19.0 18.3 16.7 “15.9
Bill exchange 22.7 20.7 20.2 19.9 18.5
Security exchange 21.9 28.8 24,6 20.6 13.6
Distribution income 7.6 8.6 10.0 10.8 10.1

Source: Planning Office of Osaka Prefectural Government.

Table 5. A comparison of nucleus management functions in the
Tokyo and Osaka regions (the total of 60 Japanese
cities = 100%).

Tokyo,Chiba,Saitama Osaka,Kyoto,Hvogo
Xanagawa

1965 1970 1975 1965 1970 1975

Comprehensive nucleus
management function 4u.60 45.95 45.82 17.u44 16.46 16.78
Economic nucleus
management function 45.04 48.00 47.26 24.34 21.17 22.29
Administrative
nucleus management 45.52 47.43 ug.28 8.70 9.07 8.64
function

Social and cultural
nucleus management 42.27 42.40 41.95 19.31 19.11 19.43
function

Source: National Land Agency, Man and National Land in the 21st
Century.
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Table 6. The numbers of research institutes in Tokyo, Osaka,
and Kanagawa.

Tokyo Osaka Kanagawa
State 43 1 3
Public corporation 12 - .2
University 16 5 -
Local government 12 10 13
Public incorporation 13 2 3
Think~-tank 17 1 2
Private enterprise 100 47 66
Total 218 66 94

Source: Science and Technology Agency, Experimental and Research
Institute Directory,

(ii1). The second reason is the obsolescence of Osaka's
industries. Table 7 shows the differences bpetween the industrial
structures of the five leading Japanese prefectures. Osaka and

dyogo prefectures have heavy-industry structures that make heavy
demands on resources such as energy, water, and land. They are
now facing difficult problems: resource shortages on both local
and global scales, environmental pollution, and competition from
similar industries in developing countries.

Table 7. The industrial structures of Japan's five leading
prefectures in 1975.

High resource Highly

Urban needs consumption processed
Prefecture Type (A) 3 Type (B) % Type (C) 3 Total %
Osaka 21.6 41.3 37.1 100.0
Tokyo 38.0 19.53 42.5 100.0
Alchi 16.8 35.1 48.1 100.0
gyogo 24.9 44.8 30.3 100.0
Kanagawa 14.0 35.7 50.3 100.0
Type (A): foodstuff, clothes, furniture, publication and print-
ing, tanned leather etc.
Type (B): textile, woods, pulp and paper, chemical, ©oil, rubber,
ceramics, steel, non-ferrous metals
Type (C): metals, machinery, electrical instruments, precision

instruments, transportation instruments

Source: MITI, Census oI Manufacturers.
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During the era of high economic growth, urbanization also
made rapid progress. The situation in Osaka prefecture is shown
in Table 8. Rapid urbanization usually caused a shortage of
social overhead capital, as was unavoidable in Osaka.

Table 8. The increase of densely inhabited districts (DIDs) in
Osaka prefecture.

1960 1965 1970 1975
Population (thousands) 5505 6657 7620 8279
Population of DIDs (thousands) 4479 5581 6863 7682
Percent 81.4 83.8 90.1 92.8
Area (km?) 1831 1840 1854 1858
Area of DIDs (km2) 333 405 594 725
Percent 18.2 22.0 32.0 39.0

Source: Office of the Prime Minister, 1975 Population Census
of Japan.

3. THE REHABILITATION OF OSAKA

Facing this problématique as a principal part of the Kinki
region, Osaka is now struggling to seek solutions. The catch
phrase is "the rehabilitation of Osaka." In a broad sense, the
word Osaka is often replaced by "Kinki" or "Kansai." The defin-
ition of "Kansai" is rather vague, but it is usually used as a
synonym of "Kinki." 1In contrast to "Kansai," the region includ-
ing the Tokyo metropolitan area is called "Kanto."

Since the fact that Osaka or Kansail is losing to Tokyo or
Kanto is rooted deep in the present socioceconomic and political
structure, it will be difficult to restrain or reverse the cur-
rent trend. In order to do this, it will be necessary to coor-
dinate and integrate such versatile countermeasures as these:

— building a new town gathering various institutes for
nigher education and research together

— building an international economic and cultural ex-
change center, including the Kansai New International
Airport

— urban redevelopment in Osaka City, including the
establishment of the Nakanoshima Public Entertainments

— composite development of Lake Biwa

— a clean air plan

— a general rearrangement of all other social and econ-
omic overhead capital

All of these will contribute to restoring the administra-
tive nucleus functions, to introducing knowledge-intensive
industries, and to strengthening the regional solidarity.



Part II

THE FIELD STUDY



PLANNING, MODELING, AND ENVIRONMENTAL DECISION MAKING—
A CASE STUDY OF THE KINKI REGION IN JAPAN

S. Ikeda, J.W. Owsinski, and D.V, Winterfeldt
Internatvional Instictute for Applied Systems Analystis,
Lazxenburg, Adustria

7. INTRODUCTION
1.1. Purpose of the Study

r

This chapter summarizes the findings of a field study car-
ried out within a series of case analyses of socioceconomic con-
ditions, planning systems and methods, and program organizations
for regional development. Three examples of regional develop-
ment have been analyzed: the Tennessee Valley Authority in the
USA [1], the Bratsk-Ilimsk Territorial Production Complex in the
USSR (2], and the North Sea petroleum development [3]. The aims
of the case analyses were twofold:

— to gather experience in methods and procedures used
within the development, and

— to test and develop systems analytic and synthetic
techniques that can be applied to the analysis and
design of development undertakings.

The research on the Kinki region problenps and the methods
for their solution was conducted in close cooperation with the
Kinki Integrated Regional Development Program modeling carried
out by several Japanese scientific groups from universities and
institutes in the Kinki region.

This chapter will first give a summary of the logic, con-
tents, and organizational form of an actual planning and manage-
ment system of appropriate scope. Within this description
special emphasis is placed on elaborating the so-called Compre-
hensive Development Plan and on financial relations. Beside

12
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general sociceconomic planning and management, two distinct sub-
systems will be looked at: one object-based (the environmental

management system), and the other functional (the model system,

as a subset of formalized planning techniques).

Problems were reported on the basis of perceptions communi-
cated to us by representatives of regional bodies. They helong
to two distinct categories:

— the problems existing in the regional sociceconomic
system, and

— the problems existing within the planning and manage-
ment system in coping with the problems of the first
category.

The study team particularly looked at the second-category prob-
lems f£rom the point of view of integration, both organizational
and methodological integration of various questions, points of
view, and interest, and also integration of models into the
planning and management processes.

1.2. The Approach to the Analysis

The planning and management system, its organization, func-
tioning, and outcomes were viewed through the set of zcrors
(institutions, groups, or individuals having a say in a given
problem area) or their groupings, where actors can be distin-
guished on the basis of their values and <nsrruments that can
be operated.

The main assessment and evaluation criterion taken in this
study 1s the intrasystemic constistency. This criterion requires
that for a spectrum of values explicitly stipulated within the
system they actually should be pursued through the performance
of thilis system. Such an approach necessitates, first of all, a
check on consistency of goals that result from actors' values,
then a check on policies that are meant to achieve specific
goals, and finally a check on inter-policy consistency. Such
an analysis 1s meant to show now certain goals may fail to be
achieved and where the policy gaps exist or where the policies
may counteract.

An important additional criterion is therefore the Intzgra-
sion factor (see Figure 1). Disintegration (pursuance of par-
ticular interests or lack of provision for joint consideration
of options and policies) may lead to inconsistency in goals and
in policies, and even %£o intrainstitutional gaps in the individ-
1al policy-goal line, Integration as a capacity of a system to
jointly consider {explicitly or implicitly through certain bar-
gaining mechanisms) various values, and the policies pertaining
to them, and to make them appear in final outcomes (products or
impacts of the development) will be looked at.

During the field study a number of interviews were conducted
and efforts were made to cover all the actor groupings and func-
tions within the policy and decision process, such as
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a. Central organizations

— National Land Agency
— Kinki Bureau of Ministry of Construction

0. Regional organizations

— Osaka, Hyogo, Xyoto, and Shiga prefectural govern-—
ments: Planning and Coordination, Life and Zn-~
vironment, Public Health Divisions, and Monitoring
Centers

— Kyoto City Office

c. EXperts

— Kyoto and Osaka Universities, Institute for Environ-
mental Research on Xinki International Airport.

2. REGIONAL COMPREHENSIVE DEVELCPMENT PLANS IN THE 1970s

Since the oil crisis in 1974, Japan, typical of most indus-
trial countries, has been forced to cope with the challenge of
a shift from a country with a high growth rate to one with a low
growth rate and from a quantitative increase i income to a gual-
itative enrichment of life—in the face of both a shortage of
natural resources and the burden of heavy environmental »ollution.
Equally true is the fact that each individual prefecture has a
lower growth rate and is therefore compelled to cope with the
following major problems:

— How to allocate total revenue in a welfare system and
improve the environment while 3t the same time promot-
ing a change 1n industry from a heavy, chemical base
to an information-oriented base—1n a community with
diversified values.

— How to establish financial measures as well as a seli-
planning capacity from a prefectural rather than a
national viewpoint.

— How to coordinate and integrate its own regional de-
velopment plans into large-scale national projects.

— How to respond guickly to local-community and resi-
dents' movements and to aid their participation 1in
the planning process.

These 1ssues seem to necessitate a long-term Prefectural
Comprehensive Development Program (PCDP) to coordinate individ-
1al projects at both intra- and interprefectural levels. Ac-
cording to 3 recent survey carried out by the Ministry of Home
affairs (4], almost all the prefectures in Japan have completed
or are preparing PCDPs.

2.1. Actors' Values and Policyv Instruments
Table 1 summarizes the potential actors and values involved

in the PCDP planning process. Looking at the interfaces of core
actors between prefectural and central jovernments, we find two
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kinds of interactions: one i1s through the national CDP and the
other i1s through the ministerial long-term plans £for public
facilities such as roads, ports, and sewerage (see Figure 2).

As to regional finance, there are two main income sources
for local government budgets. One is local taxation, which
flows directly into their revenue, and the other is the central
jovernment, which supplys through various channels such as local
allocation tax and subsidy. The local allocation tax is one of
the major means of adjustment for the redistribution of revenue
colle®ted by the central government to help decrease regional
imbalances.

Prefectures have about 40 percent autonomy in terms of
budgeting discretion. However, since expenditure is mainly on
personal allowance (approximately 33 percent of total expendi-
ture including education, police, and health services staff)
and general administration, the investment allocated to the con-
struction of sociceccnomic and environmental infrastructure can-
not operate in an efficient way without obtaining subsidies from
the central government.

The central government has three typical policy instruments
in terms of financial control:

— a general governmental subsidy for a particular project
according to the framework of the »ubiic investmenc
alloecation program

— sanction or guidance for a locally issued bond according
to the framework of the [inanctal :nvestment ana loan
program

— a local allocation tax according to the Iframework of the
spectal account scheme.

2.2. The Contents of PCDPs

Turning now to the contents of PCDPs, Table 2 presents a
summary of Osaka, Hyogo, Kyoto, and Shiga prefectural CDPs in-
cluding the main area (issue), goals (values), and instruments
(policy) [5]. Although there are many different types of state-
ments to express their goals and instruments, we find some
common features:

— conversion from a development-oriented policy to a
welfare and environmental preservation one

— emphasis on the formation of a local community based
on local culture and characteristics

— innovation in industrial structure towards a pollution-
free and knowledge-intensive type

- public hearings and participation in the planning pro-
cess of CDPs.
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PROBLEMS, GOALS (YVALUZS),
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3. ENVIRONMENTAL MANAGEMy T
3.1. Major Environmental Problems

The improvement of the environment is a central issue in
the PCDPs, as shown in the previous section. As far as the air-
pollution problem is concerned, S0O7 pollution has been success-
fully controlled, a well-known national achievement in Japan [&6].
In particular, Osaka, beginning with a poor SO, record, has now
reached the national average. Most prefectures in the Xinki re-
gion seem to be most concerned about the photochemical smog
problem. Thus, while SO; pollution is controlled, NOx and photo-
chemical smog are now considered to be the main air pollution
problems in the Kinki prefectures, as well as in the whole
nation.

The three main problems arising in water pollution are:
first, the pollution of Lake Biwa; second, that of the Yodo
River basin through municipal and industrial wastes; and finally,
that of Osaka Bay. The reason for the pollution of the Yodo
River basin as well as Lake Biwa and Osaka Bay is mainly a lack
of sewerage systems. In 1976 only 36.4 percent of municipal
and industrial wastes were collected through sewerage systems.
Particularly drastic is the picture in the Shiga prefecture,
where up to now only four percent of the wastes are treated in
sewerage systems.

Among the remaining environmental problems, most prefectures
mentioned noise asa major source of complaints.

All these are classified into three different types of
problems:

— local problems particular to a prefecture of a city
(e.g., Kyoto City cultural preservation)

— regional problems that 1nvolve several prefectures

— nattonal problems,

The latter two types of problems require integrated ap-
proaches. Two types of integration approaches may become neces~
sary: vertteal integrarion between naticnal, prefectural, and
city governments in the national problems that require close
cooperation between the Environment Agency, other ministries,
and the local authorities; and horizontal integration between
prefectures in the region for those problems that are shared by
the regional prefectures.

3J.2. Organization (Actors) in Environment Management

The Environmental Agency is responsible for overall promo-
tion of environmental administraticn in Japan. The Central
Council for Environmental Pollution Control is the main research
and advisory body to the Environment Agency. Also attached to
the Environment Agency in its research capacity is the National
Institute for Environmental Studies. Almost all Japanese pre=-
fectures now have pollution=-control sections built into their
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organizations. They typically belong to the Division of Environ-
ment and Public Health. The prefectural governor also has advi-
sory councils for pollution-related matters, as well as standing
pollution control conferences. A similar structure can alsoc be
found on the city administration level.

Three layers of organizational structure are cocrdinated in
several ways: by a division of the functions and by joint com-
mittees, councils, and conferences.

Various approval schemes and meetings between the different
layers of environmental decision-making support a vertical inte-
gration. Prefectural representatives, for example, take part in
the decision-making process for quality standards, and Environ-
ment Agency representatives have to approve special pollution-
control programs in prefectures. Horizontal integration, however,
appears less effective, although there exist several committees
and conferences for special regional pollution problems, e.g.,
the Water Quality Council in the Kinki region.

3.3. Environmental Planning

Each prefecture has elaborated medium-term (ten-year) en-
vironmental plans as a part of the CDP. Table 3 summarizes the
main features of these plans. There are some differences in the
perceptions of the problems in the four prefectures. In Osaka,
noise is stressed much more than in other prefectures. In the
Kyoto prefecture, Yodo River pollution ismentioned as the most
severe problem. In Hyogo, coastal pollution is stressed, while
in Shiga the pollution of Lake Biwa and the lack of sewerage
systems is pointed out.

The instruments and tools conceived in the prefectural plans
for achieving these targets differ little. Most notable 1is,
perhaps, that Osaka and Hyogo prefectures are develoring new
instruments for public participation.

There are certain shifts from concentration emission control
to total-amount emission control. These changes have been moti=-
vated to avoid dilution strategies by which industries could
achieve emission concentration standards, but still emit the same
total amount of pollutants. The Osaka and Hyogo prefectural an-
vironmental pollution centers have advances with NO, total-amount
emission control and are currently working on a model for allo-
cation to different sources.

Budgeting mechanisms are the most powerful tools for the
design and realization of environmental plans. Fundamentally the
f£inding was the same as for CDPs: budgeting is, in general, cen-
cralized and project-oriented.

3.4. Environmental Modeling and Monitoring

The Kinkl environmental managers are developing models for
environmental management. Although most other research activi-
ties are done on a national level (e.g., research on health ef-
fects, ecological research), models of nollution dispersion,
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transfer, and allocation of emission amounts to sources is done
by the local environmental pollution-control centers. Monitor-
ing is also a city or prefectural task.

Two observations, however, can be made on the horizontal
integration of such models. First, interpollution transfer is
still poorly modeled. Osaka, for example, considers pollution
inputs from other prefectures only through fixed parameters.
Thus, there is not much horizontal integration of such models.
The second observation is that in the most urgent area of pollu-
tion transfer modeling, the Yodo River basin case, there are as
vet, only a few attempts [7].

4. PROBLEMS IN APPLYING FORMALIZED PLANNING TECHNIQUES AND
MODELS TO KINKI INTEGRATED REGIONAL DEVELOPMENT

4.1. Problems to be Solved and Model Development and Use

Table 4 presents the problems of regional character as per-
ceived by agencies and ministries within the central government.
They are stated in a very general form and can only become
region~specific when applied to different regional conditions,
i.e., when the actual instruments' use has to be elicited. It
should be emphasized that the regional policies of the national
government were to a large degree of an interventionist nature.

Some of the basic problems that the main central govern-
mental actors face when choosing regional policies is that they
do not find, as yet, modeling application counterparts. Further-
more, use of some of the potentially usable models developed with-
in the institutional planning and management system has been to
a large extent abandoned. An important phenomenon that could
also be pointed out is that the regional-~level models have not
been developed within the institutional system, although they
are 1in general largely represented. (It should also be stressed
that all the first modeling efforts done within the institutional
authority system happened to be in the Kinki region, far ahead
of the other regions in Japan.)

An overall view of the modeling activities allows for an
easy estimation of the coverage problem areas. Tables 5 and 6
give the classificatlion of the problems and models which prefec-
tural and municipal bodies face in the policy making. It is
evident from these tables that, while there is a fairly good
coverage for common and potentially specific problems, some of
the general problems are 1n fact national ones, and it could be
expected that the appropriate models will be made within the
central planning bodies. On the basis of Tables 5 and 6 a sum-
mary overview of model applications pertaining to various stages
in decision-procedure working can be made as given in Table 7.
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5. CONCLUSIONS

The findings of this study are: there is a lack of compre-
hensiveness in the objectives and alternatives considered by the
actors ilnvolved in the actual regional policy-making. The main
need for the Kinki regional development system at the moment is
an effort to ensure more consistency and integration vertically
and horizontally as to policy planning, budgeting, and modeling
issues.

From the planning point of view we observed a difference
between central and local governments, such as continuous socio-
economic growth for the nation as a whole against well balanced
sociceconomic structure within each territory. Particularly in
the environmental management system, while vertical integration
and policy consistency seem to exist with a clear separatiocn of
function, a multiple interrelation of organizations, and a
strong central budget control, horizontal integration lags be-
hind in the Kinki region as a whole.

There is a relatively high degree of comprehensiveness with
regard to internal regional problems and consecutive stages of
decision-making procedure within the prefectures. There is more
to be done in the modeling, however, in making provision in the
models developed in the individual prefectures for appropriate
flow to and from other prefectures, together with consideration
of their reactions, policies, etc. Such horizontal integration
will enable the prefectures to see whether the problems they are
coping with can be aggregated or whether they have to be treated
in a feasible-solution-~search framework as a conflict resolution.

Needless to say, however, these observations should be con-
sidered along with an awareness that the Kinki prefectures have
been playing a leading role in incorporating systems-analytic
tools into their policy formation and management as well as in
strengthening their autonomous capacity to make it possible to
bridge the gaps and inconsistencies.
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Part III

REGIONAL PLANNING AND PROGRAMMING
AND THE ROLE OF MODELS



THE CONCEPT, PROCESS, AND METHOD OF REGIONAL PLANNING
AND THE KINKI REGIONAL DEVELOPMENT PROGRAM

XK. Yoshikawa
Departmgnt of Civil Engtineering, Lyoto University,
Kyotro, dJapan

1. REGIONAL PLANNING—CONCEPT AND PRCCESS

Regional planning is comprehensive planning made for a re-
gion where a number of prcblems involved in development and con-
servation need solutions. Regional planning forms a frame in
which planning for towns and countrysides in the region can be
performed. Such planning requires the analyses of identified
problems—social, economic, or physical-—and the integration of
the results.

National planning is planning performed at national level
with the management of nationwide activities being accounted for
on a comprehensive basis.

Urban and rural plans concern problems at local level af-
fecting the activities of local people.

These two planning activities are at the ends of the plan-
ning spectrum, with regional planning coming between them. This
means that regional planning functions are at an intermediate
level and must coordinate the two polar plans, the national plan
at the top level, and urban and rural plancsat the bottom level.
National planning provides regional planning with a frame of ref-
erence to the development scale and the location policy. Urban
and rural planning, in turn, set out regional planning informa-
tion on what is required and expected at local level. Regional
planning serves as a mediator to coordinate the requirements com-
ing from top and the bottom. Regional planning gives an explicit
picture of what has been fixed at national level and makes a
clear-cut judgment on what cannot be determined at the local
level.

32
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Regional planning deals with an area that is expected to
maintain its socioeconomic integrity in the target period. When
the region to be treated is identified as such, the scope of re-
gional planning concerns a set of multifaceted factors charac-
terizing the region. Then it works out a picture of what the
region would be in the target year, thereby indicating how the
region should be managed.

The scope of regional planning specifically includes such
development and conservation problems as (i) setting up of a
regional frame, (ii) land use, (iii) traffic and transportation,
(iv) terminals, (v) flood control and water supply, (vi) energy,
(vii) urban development and redevelopment such as the renewal of
urban centers, the development of urban subcenters and new towns,
the provision of land for industrial estates, etc., (viii) sewage
treatment, waste disposal and pollution control, (ix) preserva-
tion and conservation of open space, landscape and wildlife, and,
in a broader sense, (x) management of social problems, such as
those occurring in daily life, social welfare problems, etc.

The basic ideas underlying regional planning and the basic
guidelines prescribed by it are the following:

— Integration should be made to work out how the problem
is to be handled on an area-wide basis.

— Allocation should be made to bring about the target
growth of industry and population and appropriate ex-
ploitation of resources.

— Consistency should be achieved to match both the socio-
economic planning and the physical planning, both of
which are brought together in regional planning.

— Efforts should be made to coordinate development with
preservation and conservation.

— Jurisdjction should be identified to implement the
planning.

2. A PROPOSED METHOD AND PROCESS FOR REGIONAL PLANNING

Figure 1 sketches my proposed method and process for re-
gional planning.

The process is initiated by identifying how the region
should be managed in the target period. Next comes the process
of specifying the goals and producing alternatives to attain
these goals. The alternatives are evaluated in the next step
to single out the preferred alternative based on criteria estab-
lished beforehand.

Recent work in this field has made considerable progress
in evolving systematic and scientific methods for producing ,
structured information for regional planning. Econometric and
system-dynamics models have contributed to the identifying of
the nature and structure of regional economy, industry, and
population. Multivariate analyses, including multidimensional
quantification methods and factor analysis, have provided ac-
cess to such gqualitative attributes as sociocultural factors,
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living environment, etc. We believe that these approaches from
different angles, if operated on an integrated basis, provide a
set of necessary, i1f not complete, information available on which
to base a systematic and scientific method in regional planning.

Along these lines, efforts have been and are being made
theoretically to identify a region by size, configuration, and
land-use pattern. Devices of this kind may use the Lowry Model,
mathematical allocation models, etc.

In the field of transportation, studies are being conducted
by planners and researchers to establish an integrated system
for managing transportation systems. One typical example is the
current work by the Kinki Bureau of the Ministry of Construction
performed with a view to establishing such a system by working
with the real-world data on origin-destination surveys, genera-
tion, distribution and allocation of traffic, economic activities,
land use and so forth, and further by building up appropriate
models to be incorporated into a demand-forecasting system.

In the sphere of water resources, there have been an in-
creasing number of studies that concern the management and plan-
ning of this resource. An interesting example that deserves
attention is a series exploiting mathematical programming: non-
linear programming, goal programming, SWT (Surrogate Worth Trade-
off Method), etc. The advent of highly efficient electronic
computers, together with the remarkable progress in hydrology
and river engineering, has triggered a great advance in computer-
based control systems for flood regulation and river management.

Another line of advance has been seen in the systems analy-
sis oI roads, railways, parks, water supply, sewage, solid waste
disposal, etc., which are considered as the most relevant physi-
cal components of cities.

Also, an approach is being made to analysing both the
growth of the community and the role of and need for social in-
frastructure.

The sophisticated environmental assessment technology that
has recently been developed is expected to play an important
role (1) in gauging the impact of a specific development on the
environment such as pollution of air and water, noise, vibration,
land-sinking, and (ii) in working out how the disruptions to the
environment can be brought under control in the most effective
manner.

3. THE KINKI DISTRICT DEVELOPMENT PROGRAM (KDP)-—HISTORY AND
NATURE

With the above discussion in mind, we now turn out atten-
tion to the plans that have been 1ssued or are now under study
for the Kinki district.
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3.1. The National Development Program (NDP) and the Kinki
Development Program (KDP)

The National Development Program (NDP) was issued in October
1962. Its goals were:

-~ to implement long-term developments for the nation

-— to lead to growth of the national economy, to increased
industrial activity in the existing industrial area,
and to the development of industry in the underdeveloped
areas

— to attain a balance of development between developed and
underdeveloped regions.

The Kinki District Development Program (KDP) was issued in
August 1967 to form a part of the NDP. Exclusively concerned
with the Kinki district, it aimed at bringing the NDP down to
the Kinki district level. 1Its major goals were:

— to propose the way for the Kinki district to attain the
scale and structure of its economy in the target period
1965-1980 as demanded by the.expected economic growth

- to redevelop densely populated (high-density) areas to
avoid the disruption to the urban environment which
often accompanies rapid population growth

— to develop sparsely populated (low=-density) areas to
fill in the gap in community services between high-
density and low-density areas

— to coordinate both the development of industry and that
of social welfare services, thus leading the Kinki dis-
trict to a well managed growth.

Its major policies were:

-— tO establish (i) a suburban development zone, (ii) an
urban development zone, and (iii) an environment pres-
ervation zone, all designed to be located within a
radius of 50 km from the center of the Kyoto-Csaka-Kobe
Metropolitan Area (the Keihanshin Area) in the Kinki
district

— to achieve a well managed growth and equity of the en-
tire Kinki district through the implementation of such
projects as the development and reinforcement of (i) a
transportation system, (ii) a river system, (iii) hous-
ing, (iv) a distribution system (e.g., distribution
terminal), and (v) others.

3.2. The Second National Development Program (NDP II) and the
Second Kinki Development Program (KDP II)

Despite of the fact that the targets for the NDP were (i)
to avoid disruption of the living environment in some extremely
rapidly growing areas and (ii) to improve community services
for low-density areas, and despite the projects having been im-
plemented along these lines during the target period, the late
1960s experienced a record economic growth, which brought on
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both the unmanageable growth of central cities and the acceler-
ated fall of population in low-density areas. At the same time,
this economic miracle, together with the remarkable advances in
technology during the period, has given rise to a mounting need
for communication and transportation.

In this situation, a start was made on updating the NDP *o
overcome the unwelcome changes triggered by the preceding enor-
mous growth of economy—pollution, noise, sprawl, disrupted
amenities of the living environment, and poor operation of social
investment, which lagged behind the aconomic growth. This re-
vision was called the Second Naticnal Development Program (NDP
II); its target period was 1971-1985., NDP II is characterized
by large-scale regional projects and area-wide community develop-
ments.

In concert with this revised NDP, revision of.XDP was made
on the following points.

ndzvidual Land-use Prospects jor Dijfferent dreas.
In the central cities, the aims were:

— to regulate the influx of industry into the area

— tO improve the systems of transportation and communica-
tion in order to put a sophisticated management of cen-
tral city services into operation

— to achieve more intensive and efficient business func-
tions in the CBD by replacing the old offices and shops
by multistory buildings.

In the suburban area the aims were:

— to locate processing and distribution industries

— to house an increasing number of people getting out of
the central cities to live in the surrounding country-
side and commuting to Jjobs in the urban centers.

Location Poltey For Industry

In order to handle increasing goods movements resulting
from more people coming into the metropolitan area and from ex~
panding economic activity, the following policies were proposed:

— to 1isolate distribution activities from personal trans-
portation ones

— to locate distribution facilities at the key linkages
of different modes of transportatlon networks, such as
ports, roads, railways, etc.

Ienabriicaction o Urban Zenters

In order to avoid the disruption to the city services in
dense areas, the following policies were proposed:

— to decentralize manufacturing and warehouse indusctries
to low-density areas
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— to establish zones and districts to fit in with the
nature and capacity of the city

— to allocate effectively the CBD functions to the urban
centers and subcenters to attain an increased efficiency
of business activities

— to improve the living environment, particularly in the
industry-residence mixed area.

Redevelopment Projects

Redevelopment projects were implemented to provide cities
with parks, open spaces, arterial roads, urban highways, rapid
transit systems, sewage systems, etc., thereby stimulating de-
velopment incentives of private sectors through tax or financing
policies.

3.3. The Third National Development Program (NDP III) and the
Third Kinki Development Program (KDP III)

As opposed to the NDP II targets of improving nationwide
communication and transportation systems and of triggering
nationwide repercussions of large-scale regional projects, the
early 1970s experienced an increase in the population in high-
density areas and a decrease in the population in low-density
areas. Another crucial change that demanded the immediate re-
" vision of NDP II was triggered by the petroleum crisis in 1973,
which promoted a resource-reserve reevaluation, and which drove
Japan to a drastic recession from the high-rate economic growth
she had enjoyed over a decade.

In the face of these unexpected changes, the second revis-
ion, called NDP III, is now under development. The major modifi-
cations will be made on:

— reevaluation of natural residential units formed by
river basin boundaries

— dispersion of cultural and social facilities such as
hospitals, schools, town halls, etc., to rural regions.

The notion underlying the revision work might be called the
settle-the~inhabitants idea. The NDP III's main concerns will
be with

— specifying localities rcoted in historical, social, and
cultural backgrounds

— giving due consideration to people's value system and
living environment

— improving and rehabilitating the overall environment for
people to live in comfort.

Major policies of NDP III would include plans:

— to preserve natural setting

— to improve and rationalize the living envirocnment and
basic resources such as housing, food resources, energy
resources and so forth
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— to redevelop high-density urban centers and surrounding
areas (i) by identifying the capacity in size and func-
tion of specific cities and (ii) by reallocating the
functions of central cities to low-density areas

— to develop local cities and villages (i) by establish-
ing fixed settlement zones in which inhabitants are ex-
pected to live for many years and (1i) by reinforcing
and providing a financial basis for local governments

— to make adequate utilization of land (i) by increasing
the number and quality of educational, cultural, and
medical facilities in low-density local areas, and (ii)
by dispersing manuracturing industries to the same
areas

— to develop communication and transportation systems.

This revised program, when completed in the near future,
will be broken down to the in-depth revision work at each dis-
trict level and as such, XDP II will be revised in the frame
provided by the NDP III. (This revised KDP II would be called
«DP III.)

4. REGIONAL FRAME FOR THE KINKI DISTRICT

=

.1. Population

The population of the Kinki district is estimated at 18.33
million in 1975 with a growth rate of eight percent over the
oreceding five years (see Table 1). The population trend in
Japan shows that there has been an increasing growth rate of
population during the period 1960-1975, whereas the Tokyo Metro-
politan district and the Kinki district have experienced a
gradual slowing of the growth rate since 1965. The projected
population of the Kinki district for 1990 is 22.79 million, ©ro-
vided that i1t grows by 21 percent over the target period 1975-
1990.+*

Table 1. rend of population (in millions).

T Fiscal

Distriéf\\iéar 1960 1965 1970 1975

Kinki 14.030 15.780 17.400 18.830

district (12.5) (10.3) (3.2}

Tokyo - -

metropolitan 17.360 %3;0;? %:d1;? %;éof?

district e v <

Nation 94.300 99.210 104.670 111.930
(5.2) (5.3) ( 6.9)

Figures 1in parentheses represent growth rate {%)

Source: National Census.
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The daytime population of the Kinki district in 1975 is
18.84 million with eight percent growth over the period 1970-1975
(see Table 2). Scrutiny of its trend pattern gives the same ob-
servation as that for the dormitory population. It is projected
that the daytime population will reach 22.82 million by 199%0 at
the growth rate of 21 percent for the period 1975-1990. The pro-
jection also tells us that there will be a consistent immigration
of outside population into the Keihanshin Metropoiitan Area.*

Table 2. Trend of daytime populaticn of the Kinki district
(in millions).

Fiscal year 1960 1965 1970 1975
Daytime 14.05 15.79 17.41 18. 84
population (12.4) (10.3) (8.2)

Figures in parentheses represent growth rate (%).
Source: National Census.

4,.2. Employment

The number of persons employed in the Kinki district is
estimated at 8.57 million in 1975, meaning that the primary in-
dustry accounts for 0.51 million (six percent of the total num-
ber), the secondary industry 3.34 million (39 percent) and the
tertiary industry 4.72 million (55 percent)., The national aver-
age shows 14 percent, 34 percent, and 52 percent, respectively.

It follows from this that the Kinki district is character-
ized by relatively high shares in the number of persons engaged
in the secondary and tertiary industries, and a relatively low
share in the primary industry. The past trend shows a drastic
decrease in the number of persons engaged in the primary indus-
try, no fluctuation in the number of those in the secondary
industry, and a constant increase in the number in the tertiary
industry.

The number of persons employed in the Kinki district is pro-
jected to be 10.62 million by 1990 at a growth rate of 23 percent
over the period 1975-1990, meaning that there will be 0.34 mil-
lion of those in primary industry, 4.05 million of those in
secondary industry and 6.28 million of those in tertiary indus=-
try.* This implies that in the Kinki district there will be a
constant fall in the number of persons engaged in primary indus-
try and a constant growth of those in tertiary industry. As for
secondary industry, it will decrease in the Keihanshin Metropoli-
tan Area, whereas it will grow in the rest of the Kinki district.
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4.3. Economic Indicators
agrzcultural Production

The amount of agricultural production in money terms 1is
323.5 billion yen, covering 6.8 percent of the total amounts for
the nation (see Table 3). Projection shows that the amount will
approach 505 billion by 1990.*

Industrtal Shipments

The amount of industrial shipments in money terms was esti-
mated at 17,900 billion yen in 1974 with 21 percent share in the
total amount for the nation, meaning that the amount for the
Kinki district is 80 percent of that for the Tokyo Metropolitan
district (see Table 4).

The projected amount of industrial shipments of the Kinki
district in the 1990s is 39,000 billion yen with a growth rate
of 116 percent over the period 1974-1990.*

5ales in she Jholesale and Retail Trades

Sales in the wholesale and retail trades accounted for
33,700 billion yen in 1974, covering 24 percent of the total
amount for the nation. This amount for the Kinki district is
about 70 percent of that for the Tokyo Metropolitan district
(see Table 5).

Projection shows that the amount will reach 83,000 billion
yen, growing at a rate of 145 percent over the period 1974-1990.*

5. PROPOSAL AND PROSPECT FOR THE KINKI DISTRICT

The Kinki district along with the Tokyo Metropolitan dis-
trict has evolved for years as a center of national economy and
culture. However, during the past decade, we have seen there
many unwelcome changes, which an excessive concentration of popu-
lation, industries, offices, and stores have brought on, thus
putting central cities almost out of order. Furthermore there
have been no effective measures taken so far to develop suburban
areas.

We nave a picture of the future Kinki district as ever
growing, as the center of western Japan and as playing a greater
role as a base terminal for distribution. This suggests a grow-
ing need for the development and reinforcement of the transpor-
tation system.

*For details see the 1976 Study Report presented by the
Working Committee of the Study on the Comprehensive Transport
System for the Keihanshin Metropolitan Area. The estimated
figures for 1990 were worked cut by the Committee.
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Table 3. Trend of agricultural production (x 109 ven) .

Fiscal

year 1960 1972 1974
District
Kinki 1.00%* 0.9¢4 L~ = 0.3
district 351.8 gl7es  338.6 o4 323-5 ¢
Tokyo
metropolitan 447.8 ;'20 452.2 8'86 426.3 g'gs
district : ’ '
. . , 1.00 1.02 1.02
Nation 4ed8.5 100 4726.2 100 4757.2 100
*growth rate **share (percent)
Source: Statistics of Agricultural Income.
Table 4. Trend of industrial shipment (x 109 yen) .

Fiscal

year 1971 1973 1974
District
Kinki 1.00* 1.36 1.25
district 14,270 5., 19.410 .3 17,890 ]
Tokyo
metropolitan 18,800 1:9% 22,600 }:2" 22,180 ;'8
district

. 1.00 1.38 1.29

Nation 64,900 100 89,440 100 83,820 100
*gqrowth rate **share (percent
Source: Statistics of Industry
Table 5. Trend of sales (x 109 ven) .

Fiscal

year 1970 1972 1974
District
Kinki 1.00* 1.07 1.17
district 26,920 Hies 28,740 53 33,700 4
Tokyo
metropolitan 41,090 ;;00 44,210 ;éOS 49,690 1.12
district 35

. 1.00 1.10 1.15

Nation 112,480 100 123,650 100 141,770 100

*growth rate **share (percent)
Source: Statistics of Commerce.
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There will also be an increasing amount of investment re-
quired for the construction and consolidation of international
airports and ports. The need for improved communication facil-
ities such as a variety of information service centers, results
also from the increasing demand for a wider choice of high-
quality information on a broader area basis and within a much
shorter time.

The built-up areas of central cities are demanding renewal
of urban centers and subcenters, development and reinforcement
of transportation systems, improvement of living environments,
provision of houses, parks and open spaces by moving the fac-
tories, and so forth.

It is felt that the suburban areas close to central cities
need regional growth and expansion to be more effectively man-
aged through more sophisticated land-use planning. Along with
the development and reinforcement of the transportation system,
projects should be implemented such as the preservation of green
areas, vistas, cultural assets and so on, location of distribu-
tion terminals, the development of new residential areas called
"new towns," and the development of academic cities.

In turn, there will be a growing need for the improvement
and consolidation of local cities in the Kinki district. It is
recommended that the locality be specified for each local area
and be well planned—identifying the way to develop both the
agriculture-and the industry in the local area.

Decentralization of population and industry is a prerequi-
site to their dispersion from high-density built-up areas to
low-density local areas by putting into operation several incen-
tive measures such as tax or financing policies.

In the sphere of water resources, there will be a number of
river-basin-oriented water-supply development projects to be
implemented such as the Yodo River Basin Development Project
(including the development of Lake Biwa), the Kino River Basin
Development Project, and others., Thereby, close attention will
be directed to bringing the water-supply projects in line with
the scope, policies, and regional units on which flood-control
planning is based.

It is proposed that Kyoto, Nara, and other places with dis-
tinguished vistas offer places for recreation, mountain vistas,
waterfronts and shorelines, farmlands, traditional and cultural
assets and so on. The conservation of attractive wooded slopes
of the Rokko and the Ikoma mountain ranges is firmly recommended.

6. TRANSPORTATION PLANNING FOR THE KINKI DISTRICT
6.1. Highway Network Planning

In the preparation of network proposals, the statement of
desired objectives i1s an essential step. These objectives de-
scribe the function that the arterial highways in the Kinki dis-
trict should fulfill. The cbjectives established as such become
the criteria against which network proposals are evaluated.
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The next step in the planning process 1s the phase of test-
ing to determine how well the proposed network matches the future
traffic demand. This phase is called the traffic assignment pro-
cess.

Figure 3 shows diagrammatically a proposed basic planning
process for an arterial highway network. This process was pro-
posed by the Working Committee of the Study on the Comprehensive
Transport System for the Keihanshin Metropolitan Area, which was
established in 1975 and which consists of members from the Minis-
try of Construction, the Land Use Agency, the Prefectural Govern-
ments of Shiga, Kyoto, Osaka, Hyogo, Nara, and Wakayama, the
Municipal Governments of Kyoto, Osaka, and Kobe, the Japan Public
Corporation for Highways, and the Hanshin Public Corporation for
Highways. The study is now under way.

Notably, unlike the single-core pattern of the Tokyo lletropoli-
tan district, which takes Tokyo as its core, the Keihanshin
Metropolitan Area in the Kinki district is characterized by its
three-core pattern, formed by Kyoto, Osaka, and Kobe. Taking
this characteristic of the Xeihanshin Metropolitan Area into
consideration, the functions of arterial roads are broken down
into three categories as shown in Figure 4. This figure provides
a basis for reviewing functions of arterial roads, thus obtaining
the functional axes as shown in Figure 5. Figure 6 shows the
identified functional axes in terms of actual traffic volume for
1974,
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Figure 3. Proposed checking process for arterial highway
network.
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Figure 4. Hierarchical levels of the arterial highway network
in the Keihanshin Metropolitan Area.

6.2. Railway Network Planning

The Keihanshin Metropolitan Area has experienced a rapid
increase in traffic involved in commuting to jobs, attending
schools and business activities. Despite the number of policies
proposed and implemented in the past. it seems that the develop-
ment and improvement of facilities have lagged behind the level
that the demand has reached.

It is proposed that the policies for the development and
reinforcement of rapid railway systems should include:

— reinforcement of the existing railway facilities to
operate at full capacity

— construction of a new railway system only in those
regions where increasing demands for railway transpor-
tation are projected to generate outside of the cover-
age area of the existing railway system

— setting the target load factor for one rush hour in
the most crowded section as 150 percent

— design of a through-center transit system which re=~
guires the passenger to make no more than cne transfer
on average in getting te his destination
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Figure 6. Mobility axes of traffic at present.
Source: Analysis Report on Arterial Highway Network of the Kinki

district by the Kinki Regional Construction Bureau of
the Ministry of Construction.
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— checking of the form and routes of the proposed system
with regional development plans, and ensuring that it
conforms with both related regional plans and river
management plans by considering the acguisition of land
lots, the method of construction and so forth

— avoildance of the concentration of a proposed system on
specific routes and terminals

— provision of a system for linking suburban areas with
central cities, thus giving an impetus to the decentra-
lization of urban functions and to the development of
suburban areas

— 1introduction of new transportation systems, if they are
necessary and appropriate in terms of local interests.

"The Transportation Demand Forecasts" conducted by the
Ministry of Transport shows that in Kyoto, Osaka, and Kobe there
will be over 50 percent growth in transportation demand by 1985.
On this basis, the reinforcement projects for the existing rail-
way system and the construction of a railway system are now
under way.

6.3. The Study of the Comprehensive Transport System for the
Keihanshin Metropolitan Area and Personal Trip Surveys
and Urban Goods Movements Surveys

The balanced coordination of both railway planning and high-
way planning are conceived as prereguisites to the design of
future urban transportation systems. For this purpose, method-
ological procedures should be developed tc break down urban
traffic into personal trips and goods movements, thus identifv-
ing the modal split of transportation of people and of goods
based on the data obtained in personal trip surveys and goods
movements surveys, and furthermore deciding on the shares of the
former type of traffic by private transportation means (vehicles)
and by mass transit system including the bus system, lightweight
rapid transit system (LRT), heavyweight rapid transit system
(HRT) , etc.

There is a good deal of information available on personal
trips—a very large inventory of data obtained in the surveys
conducted for the Kinki district over the period 1970-197S.

The survey results, obtained through the processing and analysis
of vast amounts of basic data, offer us an extremely valuable
guideline for establishing an integrated transportation system.

In contrast, we have an extremely limited amount of infor-
mation on goods movements because of the fact that the survey
work would require a formidable amount of data to be collected,
orocessed, and analyzed and a vast number of man hours to be put
in, and also because no explicit concept has ever been estab-
lished for making use of such data for the above purposes.

It seems noteworthy to refer to the challenge against this
unexplored problem that has been made by the Working Committee
cf the Study on the Comprehensive Transport Svstem for the
Keihanshin Metropolitan Area since 1975 when the preceding per-
sonal trip surveys were completed.
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There have been several significant results obtained from
this study so far, which point to the need for development of
an arterial transportation system, and for improved efficiency
of transportation.

7. TERMINAL PLANNING
7.1. Port Planning

There will be no change in the role of Osaka Bay as a dis-
tribution base point. There will be a growing need for the
points located along the Bay to be used as commercial ports.

The shorelines ranging from Port of Kobe to Port of Hannan
will be developed as a greater port on an area-wide basis. Con-
sideration should be given to the preservation of attractive
waterfronts in the Seto Inland Sea National Park Area and in the
area ranging from the southern part of the Awaji Island to the
Tomogashima Channel, thus maintaining the recreation potential.

In the face of an increasing amount of goods to be handled
in the port area, the location of distribution facilities will
be settled behind the wharves to achieve efficiency and integra-
tion of distribution system there. City-oriented industries
including processing and distribution industries will be encour-
aged to choose their location in and behind the port area through
the provision of developed land for these industries. Container
and ferry terminals will be constructed to meet growing demands
for container and ferry transportation.

It is recommended that the implementation of relief measures
agailnst excessive densities of neighboring areas and accompanying
disruptions to the affected area such as pollution, noise, nau-
seous smells, etc., should be integrated in the port planning.
The proposed measures include (i) the provision of land for urban
renewal, (ii) the construction of facilities for industrial, com-
mercial, and domestic disposals, and (iii) others.

These are the major policies that form the basis for devis-
ing a development plan of wharves as shown in Figure 7.

It should be noted here that the identification of the size
and form that the development of wharves should take is made on
the basis of both the projected amount of goods and the estimated
dynamic performance of vessels and cargoes, observed through the
operation of simulation models.

Since most of the shorelines along Osaka Bay have already
been built up, some projects are now going on to develop wharves
in the off-shore area, just as the Port Island and Rokko Island
of Kobe, and South and North Osaka Ports were constructed.

On these wharves there are and will be located modern con-
tainer facilities and distribution terminals together with re-
creational facilities and open spaces such as "community squares"
and "international squares.”
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* .
7.2. The Kansali International Airport Development Prospect

Recently there has been a growing need for the development
of a new international airport for the Kinki district. MNajor
motivations are:

— The Kinki district is second only to the Tokyo Metro-
politan district in the amount of population anc in-
dustry concentrating on it.

— Internationalization requires the district to have a
good entrance for international communication in the
spheres of economy and culture.

— The increasingly good living standard of Japanese
people as reflected in the growing level of national
income and the greater amount of information and
transpertation needed, demands an increased quantity
and quality of communication at international level.
This also implies the growth of demand for another
international airport in the Kinki district. (The
existing international airport called the Osaka Inter-
national Airport is located about 12 km north from
the center of Osaka.)

dotivated by these incentives, a start was made about a
decade ago to work out proposals for developing a new interna-
tional airport somewhere in the Kinki district.

After many turns and twists and as the product of a bulk
of basic studies on the selection of its location site, the fol-
lowing four places were promosed in 1975: (i) off the coast of
Senshu, (ii) off the coast of Kobe, (iii) off the coast of
Harima, and (iv) on Awaji Island (see Figure 8).

Then, further efforts were made to single out a location
site. Considerations included:

— Could the navigation system guarantee airplanes making
safe landings and take=-offs?

— Would the access to the airport be convenient for
users?

— Would it be technologically and economically possible
to build the airport and would there be enough room to
expand it when and where necessary?

— What impact would 1t have on the environment and par-
ticularly what about noise?

— What kind of interactions would it have with other plans
and in what interfaces of planning would it occur?

At the present stage, the Senshu alternative, having been
identified as the most eligible site, is going to undergo in-
depth checkings, with the environmental assessment to be pre-
ceded by a series of basic field surveys on wind and maritime
conditions in the vicinity of the proposed location site. The
towers for observing and collecting data on such conditions are

*The word "Kansai" i1s used as a synonym for "Kinki."
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now under construction by the Ministry of Transport. Concur-
rently, studies by the Ministry of Transport to provide basic
information for devising a regional development plan of the
neighboring area are taking place.

8. WATER PROBLEMS IN THE KINKI DISTRICT
8.1. Flood-Control Planning

Ensuring that peoples' lives and bglongings are secure
against natural disasters is a prerequisite for the stable es-
tablishment of a basis for living and production. Flood control
is a protection service of this kind offered by some public
agencies such as the Ministry of Construction, each prefectural
government, etc.

The Yodo River Basin, the biggest in the Kinki district,
covers 7.305 km?, being a part of the Shiga, Kyoto, Nara, and
Osaka prefectures. It has three major tributaries converging
on the main Yodo River, that is, (i) the Katsura River covering
14 percent of the area of the Yodo River Basin, (ii) the Uji
River covering 48 percent of the same to include Lake Biwa as
its origin, and (iii) the Kizu River covering 20 percent.

In December 1954, the Development Program for the Yodo
River Basin was issued. The outlined policies are the following:

- The return period of flood was set as 100 vears for the
trunk, and 80 years for the tributaries.

-—— There have been several flood-control reservoirs such
as the Takayama Dam on the Kizu River, the Amagase Dam
on the Uji River and so forth.

— The Seta River (the upstream section of the Uji River)
was dredged to such a depth as required by the proposed
relocation of the original weir called the Nango Arai
Zeki. The new weir was designed to discharge 600 m3/sec
of water at the gate when the water level of the Lake
Biwa rises to nearly zero meters.

— Improvement and reinforcement were made of hydrological
and climatic data collecting systems to include obser-
vation stations and telemetering, thus resulting in an
inventory of copious hydrological data available for
the Yodo River Basin, to enable it to be equipped with
a reinforced flood-control forecasting system.

This system constituted the backbone of the Integrated
Control System for the Yodo RrRiver Basin, which was completed in
1969.

The Development Project for the Yodo River Basin, issued
in 1971, is based on the following guidelines:

— The peak flow of flood, at which the high-water level is set,
is determined to be 17,000 m3/sec at a data collection
point located in Hirakata City assuming that the aver-
age two-day rainfall is 302 mm. The return period oI
flood is set as 200 years for the trunk, and at 130
vears for the three tributaries.
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— Another important part of the plan is the proposed pros-
pect of the Lake Biwa Development setting forth the pro-
posed measures for controlling pollution, keeping the
natural setting intact, improving drainage of water and
so forth.

3.2. Water-Supply Planning

There has been a growing demand for water especially in the
high density area—triggered by the rapid growth of industrial-
ization and urbanization which have taken place since the 1960s.

Despite the fact that the provision of water has always
lagged behind the unexpected growth of water demand. This had
motivated the undertaking of the Second Survey of Area-wide
Water Supply and Use System by the Ministry of Construction
which presented the survey report in August 1973.

According to theprojection, total demand for water in the
1985s Kinki district is 12,89 billion m3 per year, with about
3.48 m3 of water demand being added to that of 1970. The amount
of water demand that will be covered by streamflows is estimated
at 10.76 billion m” per year for 1985, with about 4.41 billion
m3 of increment over 15 years.

Figure 9 illustrates the water supply demand picture of the
Kinki district for 1985, indicating that there will be about 1.2
billion m3 water shortage per year. The stop-gap measures pro-
posed are:

— Reduction in the amount of water demand through reason-
able restrictions on domestic and industrial uses.

— Renovation of waste waters through the tertiary treat-
ment process, thus accelerating the recycling of water
resources.

— Implementation of the area-wide development of water
resources.

— Promotion of the dispersion of population and industry
to local areas, thus reallocating the demand sources to
the low density areas.

8.3. Landscape Planning

With deleterious changes increasingly spreading over high
density areas such as disruptions to the natural setting and
ecological system, the need for the preservation of natural set-
tings is growing year by year. This is reflected in the increas-
ing understanding that the river system should be considered as
a natural system which should be kept as intact as possible and
which could provide people with a place for recreation. Several
policies in this line have already been worked out and put into
operation such as (i) the management of the recreation potential
of the river system which is designed to be open to the public,
(1i) the regulation of the amount of waste water effluents dis-
charged into the receiving water from industries, (iii) the con-
struction of sewage treatment systems, and (iv) others.
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9. URBAN REDEVELOPMENT AND NEW TOWNS
9.1, VNew Town Projects

One typical question that faces our cities is how to house
growing numbers of residents in the city area as the urbaniza-
tion goes on. There have been many measures invoked to find
solutions. One good example is the development of new residen-
tial areas called new towns in order to accommodate as many as
100 to 300 thousand inhabitants.

The development projects for new towns going on in Japan
seem to be different in nature from those seen in Western coun-
tries. That 1s, most of our new towns are built as satellite
towns attached to the central city to which people travel to
work by day and from which they return home by night.

We have a well known example in the Senri New Town, which
has developed on the western side of Senri Hill located about
15 km northward from the center of Osaka City. This development
project was started in 1961 by the prefectural government of
Osaka and there appeared a modern new town (satellite town) in
the developed land of 1,160 hectares and with a population of
150 thousand.

This project was followed by the Senboku New Town Project
which is now under way at the hands of the same government.
There are also a couple of projects going on in Kobe City such
as the Seishin (the West Kobe) New Town Project and so forth.

9.2. Industrial Zone Development

There are several development projects of industrial zones
now going on across the Kinki district. The expected goals of
the projects are:

— to relocate existing industries from the high densicy
area 1into the low density area

— to disperse to the low density area industries that
would otherwise converge to the high density area

— to promote the development of local cities by imple-
menting the development of industrial zones as a basic
incentive.

Many projects of this kind are now under way in the Kinki
district. An example is the Industrial Zone Development Project
for Osandano in Fukuchiyama City, Kyoto prefecture. It is under-
taken by the prefectural government of Kyoto and expected to
make a great contribution to the development of Fukuchiyama Cicy,
a typical local city in the Kyoto prefecture.

9.3. Industrial Terminal Projects -
The existing distribution system of Osaka City 1is charac-

terized by the concentrated locations of distribution functions
in its inner regions such as truck terminals, railway cargo
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terminals, warehouses of the central wholesale market, wholesale
merchants, and retailers, etc.

With a growing amount of in and through traffic flowing in
the city, the efficiency of the system has lowered year by vear,
thus resulting in the unprofitability of thedistribution indus-
try. The proposed measures to overcome this difficulty include
the following projects:

In Osaka prefecture

— Distribution terminals were constructed in East and
North Osaka.

A joint terminal was located in the South Osaka Port.
Industrial zones for wholesale and distribution are
being planned for South Osaka.

In Hyogo prefecture

— Distribution terminals are proposed for the Port Island,
the IV Construction Section Area in Xobe Harbor, the
Harima region, and the Hanshin region.

9.4. Environment Management

In the post-war period Japan has enjoyed an economic miracle
brought on by a very high level of productivity attained in this
narrow land. The political support of the economy was provided
by national economic plans such as the Double-Income Program.

The economic miracle is neither complete nor perfect, though
it has undoubtedly made a great deal of contribution to the im-
provement of living standards. Rapid expansion has caused all
manner of imbalances-—impaired natural setting, polluted air and
water, nolses, vibrations, lost sunshine, etc.

This situation has implied a growing demand on the part of
residents for improved amenities in the living environment, and
for a more healthy, more cultural, and more enjoyable community
to grow in concert with the natural setting. To meet the demand,
there has been an increasing emphasis placed on the environmental
assessment of the project to be implemented.

Many preventive measures are also being taken into consider-
ation such as (i) separation of industrial activities from resi-
dential areas by locating green buffer zones between them, by
suilding buffer walls to reduce noise level, checking production
or construction systems to reduce vibration, (ii) location of
pollution control centers, (iii) improvement and reinforcement
of forecasting systems for air and water pollutions, and (iv)
others.
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THE ROLE OF MODELS IN INTEGRATED REGIONAL DEVELOPMENT
PROGRAMS

.M. Albegov, J.W. Owsinski, and A. Straszak
Inzternational Institute For Adpplied Systems dnalysis

This short paper presents opinions and ideas as to the ap-
plication and role of models in large-scale regional development
integrative undertakings arising from previous experience at
IIASA during 1974-1978.

1. CRIGIN AND CONDITIONS OF MODEL USE

Let us start with a statement on the role of models, formu-
lated in a straightforward manner:

Computerized mathematical models serve to help in the
making of decisions through rapid handling of data
and prespecified relations so that a quick review of
alternative decisions, or a definition of the optimal
ones (which otherwise could not be found), is made
gossible.

Having this, one can look at the context in which the needs for
applying specific models emerges.

First, there is always some proslem within the socioecon-
omic system that is the object of consideration. The oroblem
may have the character of a threat or of an opportunity {1].
Essentially, the problem cannot be considered unless perceived
by or confronted with some (decision-making) body affected by 1it.
For, in general, problems arise when (sufficiently big) changes
occur within the sociceconomic soj2et systzm, or within the
values according to which it is being shaped, or both (2]. 1In
order for a problem to appear, i1t must transgress the capacities
Of the existing managing system to automatically adapt.

60
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Thus, the problem is projected into the organizational zand
instrturional system over the socioeconomic object system to di-
rect and manage it. Not only is it projected into the managing
system because that is where the solutions should be elaborated,
but also because that is where the problems arise especially as
far as values and reaction capacities are concerned.

Hence, 1if problems that have arisen are complex enough,
and/or their straightforward handling through the actual manag-
ing system might be cumbersome, at some point in the solution
process the need arises for application of computer-based models.
In view of the above considerations it is clear that such models
should not only adequately reflect the reality of the socicecon-
omic object system, but necessarily they should also correspond—
in their contents and structure—to the institutional system.

Any model, or model svstem, however shopisticated, 1f xoid of
institutional relevance, is deemed to be inapplicable.

The question, which to some extent is addressed here, con-
sists therefore in formulating and assessing conditions for
various ways in which institutional contents and roles of models
can be devised, ranging from a normative internalization of in-
teractivity and interinstitutional relations in a model (system),
so that an optimal reshaping of both 1s obtained, to a substitu-
tion of potential integrative organization by an appropriate
composition cf a model system interinstitutionally accessible.

2, THE CASE OF LARGE-~SCALZ PROGRAMS

The above postulates take on their full meaning when con-
fronted with a large-scale problem, which necessitates introduc-
tion of a program. MNore specifically, i1t 1s understcod that a
program needs to be devised if changes in the object system and/
or values defining the problem structure are sufficiently big to
make it impossible for the existing managing system tc handle
the problem appropriately. A program does not have to reguire
major structural changes of the managing system. The minimum
necessary alterations may just consist of some shifts in func-
tions of existing elements or establishment of a coordinating
body. In principle, insofar as the arising of a problem can be
seen as a perturbation to a smooth movement along a predetermined
general trajectory, such program-bound changes should be consid-
2red temporary and after the problem nhas been successfully solved
to dissolve into the preexisting structure. This, however, 1s
not very often the case. Programs tend to self-continue.

Fcr purposes oI our considerations 1t is important to empha-
slze that the case of a program does not only involve a growth
in "volume" of the apvoropriate problématicue, but, primarily, a
gualitative change 1n interinstitutional relations (see Figure
1}. Thus, 1in this case, a problem of representing adequately in
models and of shaping the model system so as to allow some intel-
ligibility for, and communication with, all the "actors" arffected
and/or affecting the outcome of the program 1s of utmost impor-
tance. This, of course, 1s first of all concerned with the value
side of the problem.
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Source: (37.
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For any such large=-scale program case there might be two
distinct, differing approaches to modeling, but guite as well,
1n connection with it, to general managerial design (see Figure
2) .

The first approach, more strict and rigorously formal, is
at the same time more normactve. 1t starts from a clear defin-
ition of an ultimate dominating goal, whether exogenously given
or determined internally. This goal is then decomposed into
tasks, taklng into account interests and scopes of responsibility
of individual elements with regard to the ultimate goal. (In
conditions of planned economies this usually means a breakdown
into sectoral economies, inasmuch as they contribute to the pro-
gram.) With resource limitations set, the problem Iinally boils
down to an allocation/assignment procedure according to the ef-
ficiency of contributions. This allocation may be based upcon
lower-level optimization, aiming at maximization of some kind
of element's own benerfit, preserving consistency with the ulti-
mate program's goal (for example, minimum of costs attained at
one level of optimization coupled with maximum of benefits sought
after at the other level). (See Figure 3 for the planning pro-
cess procedure.)

Another way of approaching the problems related to large-
scale programs consists in admitting the mult¢ipurpose nature of
such large undertakings with regard to the variety of institu-
tions and groups participating, and the complexity of their
interrelations. Assuming certain general formulation of the pro-
gram's goal(s) the approach treats in a more loose manner 1its
quantifiable achievement via the use of quantifiable instrument
and element performance. The models here are not seen as norma-
tive planning devices, defining details orf trajectory to be £fol-
lowed, but rationalizing, aiding tools for individual partici-
pants, helping in mutual understanding and coordination, and thus
promotlng integration in the achievement of the general goal.

Certainly, these two approaches do correspond to differing
socioeconomic conditions and have differing modeling implications.

The first approach can far better be applied in a situation
where fuller control is exerted over the operations of elements
(e.g., planned economies), where institutional relations are well
defined in their contents, priorities and hierarchies, with
uniquely defined responsibility and power scopes within the man-
aging system. ©On the other nand, such an approach 1s more easily
implementaple for programs that are being fostered in less dense
and complex socloeconomic settings (e.g., Irontier development),
allowing an omission or an easy endogenization and guantification
of costs and difficulties related to changes introduced (inter-
activity, interinstitutional). Such is theacase, for 1lnstance,
with the newly established industrial complexes in the Siberian
vart of the Soviet Union.

Consequently, the second approach fits better the ill-
structured power and capacity situations {for example, with the
oroblem area of the program encompassing several instituticnal
scopes of responsibility). In fact, inasmuch as the large-scale
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programs do by thelr very nature involve overlapping of inter-
ests of many institutional subsystems, this gqualification, al-
beit in varying degree, applies to all of them, calling for
inclusion of the second approach elements. Furthermore, this
approach should rather be taken when dealing with well developed
socioceconomic systems of high-density interactions, multiple
values and polyvalent use of resources.

Implications for modeling resulting from the two approaches
and the types of situations attributable to them comprise not
only (or even not very much) their methodological contents, so
much as their more general features: way of problem formulation,
structure of model system, role played in the planning process
(see Figure 2b for an ideograph).

In the case of the first approach a more formalized treat-
ment of the problem is presupposed. Ultimately, the whole of
the task performed by the corresponding model or model system
can be regarded as the program’s plan optimization. If decom-
posed and hierarchically organized, strict consistency of goal
functions must be ensured. There would be an a prior? coordin-
ation, or coordination procedure for solutions and parameters
exchanged among the subtasks-submodels. If so, the results must
be regarded as binding and to have explicitly normative charac-
ter. They are the "optimal" overall program plans and plans of
program elements (individual activities). As such they should
be followed in the same degree by gll the program contributors.
Relaxation of this requirement is hard to handle and may involve
essentially a diversion from optimality.

Models developed within the second approach may not ulti-
mately constitute an optimizing system. Their normativeness will
go just as far as the specific conditions allcw, and may even
have a mere simulative, descriptive character. These models
would form a carrier For mutual understanding and tntegracion
through apprehension and rationalization of positions v¢s 4 vzis
the potentially common goal [4]. They will, in other words, not
serve directly as development-plan~defining instruments but will
rather help in alleviating development difficulties. To allow
the carrying out of such functions the models must reflect with
high accuracy both the sociceconomic and the institutional situ-
ation of the user, and their set must form a manifold of suffic-
ient dimensions (there must be certain model redundancy created
by the introduction of maximal available variety of relevant
models) from which specific application conditions could be re=~
constructed (5, 6].

3. INTEGRATED REGIONAL DEVELOPMENT PROGRAMS

Regional development programs, especially those aiming at
integrative socic:i:conomic growth, may be seen to constitute a
very special case of the large-scale programs. It is, however,
more proper to regard them as forming a special, separate type
of program. This is so orimarily because these programs touch
upon all the kinds of human needs and actions, their fulfillment
and organization.
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In adapting any sort of approach to purposes of integrated
regional development (IRD) pré¢grams and in devising the role for
models within the interinstitutional managing system this spe-
cial character of the IRD programs has to be taken into account.
Admitting that, as pointed out in the final remarks of the zre-
vious section, application conditions are to a large extent set
by the specific features of the particular case, some general
arguments can be voiced for the IRD programs' model applicability
and role.

3.1. Structures and Application Conditions: The First Approach

Referring to the first type of approach characterized in
the preceding section we shall illustrate it with the approach
that was presented in (7] and then, for a more specific case,
[8]. This structure (see Figure 4) 1s proposed as a sort of a
starting point in elaboration of a more detailed, comprehensive
model system. As can be easily seen, working of the structure
starts with (exogenous) marginal costs and prices related first
of all to resources and products defined at the level of national
economy. These, coupled with regional conditions of development
of various activities (sectors) and with a given limited national
investment capital, yield optimum directions of region special-
rzation (level I). Once specialization is defined, intraregional
location problems can be solved for all basic activities (level
II). Determination of growth and location parameters have to be
closely related to demographic and consumption-and-expenditure
considerations (level III). Finally, the shape and structure of
the settlement and service system and the environmental conditions
can be established (level IV).

The whole structure is assumed to be iteratively working and
converging towards some ultimate overall solution. Thus, the
structure is to conform with the left-hand side of Figure 2b.

For the time being many functions, especially of feedback and
coordination character, have to be performed "outside" the struc-
ture, with no computerized back-up. In principle, however, all
these could be formalized and computaticnally implemented. From
the structure itself, and from the above comments as well as rfrom
the blow-up of a module composed of four submodels, shown in
Figure 53, the envisaged way of applying results of the models
comprised in the structure can easily be seen.

The rationale behind this structure is based upon assump-
tions of:

— national significance of regional program

-— high degree of openness of the region

— reliance on national orovision Zor material and
financial resources

— nigh capacity of planning intervention

— necessity of formulation of clear-cut policies for
use in a well structured managing system

— established relations in scale and agglomeration
economies.
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When one speaks of large-scale IRD programs (for instance,
those that concern nationally or internationally important re-
gions in their overall development) then it is obviocus that the
first and presumably also the second and the third of the assump-
tions listed do hold, and that therefore the model system's fea-
tures resulting from these conditions have to be introduced. ©On
the other hand, however, the other three assumptions need nct »e
satisfied in many cases, not only in market economies (where in-
struments of intervention are missing for the most part), but
also in planned economies (where sectoral planning and managementc
have prevailed and still require an important effort in coordina-
tion on the territorial or regional basis), especially if the
program's geographical territory and economic reach is not well
delineated or overlaps with existing administrative and capacity
delimitations over a highly developed region. In such instances,
one is dealing with an intricately interwoven mesh of responsi-
bilities and interests, not only in the object system itself,
but also in its managing counterpart. Construction of clear-cut
normative models may be guite severelvy inhibited by difficulties
in, for example, cost estimation. Furthermore, for a bigger,
composite and highly developed region, assumptions two and three
may hold to a lesser degree, necessitating endogenization of ap-
propriate variables.

Thus, while it seems unavoidable to proceed in the direction
of consistent, normative modeling structures (see also [9]),
which would yield results indicating optimal direcnions of growth
and their conditioning (sensitivity, robustness, etc.), for many
practical cases deployment of such ready-made structures will en-
counter important difficulties. A good example for a situation
where such an approach can be fully applied is provided by the
Bulgarian Silistra case study, now underway within the IRD activ-
ities at IIASA (10, 11}, and, somewhat less evidently, bv the
Polish Upper Notec case study (12, 13]. Where a limit for ex-
plicit application can be set is a matter of debate: it is how-
ever, beyond any doubt that with improved modeling and software
technigues, the application scope of the first approach is ex-
panding, although confined to those rigorously formalizable
optimation problems.

3.2, Structures and Application Conditions: The Second Approach

Thus, actual conditions do not always correspond to those
_est fitted to the first approach. Besides the case of changing
conditions there may alsc be some more general arguments to be
raised in Zavor of the second type of approach. First, it is
cften said that there is a lack of well defined regional economic
growth theory that would effectively link major components (de-
mography, resource and capital structure, etc.) to indicate con-
ditions and potential directions of development. In fact, the
first approach presented omits this-—apparent—difficulty by
attacking the problem via a balancing/accounting framework, the
relative efficiency of various activities in various locations
with regard to resources assumed to be known. Such an assumption
is of course a far-reaching one, and its satisfaction is in-
creasingly hindered by the exploding scope of systems involved.
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Progressing concentration, shift frommultilocational to multi-
national economies (supranational corporations, international
specialization and cooperation), from the domination of inter-
regional to international trade relations, all these phenomena
necessitate consideration of- a system external to the regional
one with quite a high degree of accuracy, and consideration of
a broader set of values. Thus, the system, which seemed to be
fairly closed and constant, and value-~wise homogenecus may turn
out to be highly sensitive both to internal controls and to ex-
ternal conditions.

Another argument in favor of the less-~rigid intermecdel
linkage methodologies based upon the recognition of the existence
of a number of well developed models sufficiently adequately
reflecting portions of socioz2conomic reality, which however, may
not as yet be integrable with others (for example, with regard
to illustration of Figure 5, those related to denumetric approach
Willekens and Rogers 1977).

3.3. Some Economic and Institutional Issues

Hence, of the assumptions previously listed many are essen-
tially dependent upon a specific situation. This especially ap-
plies to interinstitutional issues. In-many cases the regional
system affected by the program is by no means unicguely defined,
and even if so, it may not correspond to any administrative unit
vested with some definite powers. A task for itselZ therefore
emerges of determining the program's area, both in economic and
in geographical spaces, and/or of determining the appropriate
managerial changes. 1In the first approach this would take on a
normative form of "optimal solutions," if in reality such solu-
tions were feasible (which for the most part they are not). 1In
the other approach mentioned, the interinstitutional or inter-
participant dimension is the crucial point. Not because an at-
tempt 1s to be made at explicit solution but because it is con-
sidered that the major complexity-generating aspect of the prob-
lem which may render it formally intractable, may at the same
time be the real solution forum. Hence, such guestions as pro-
gram area definition, coordination etc., are responded to im-
plicitly by providing tools of rationalization for participants
of the process, who, using models, may finally communicate and
create conditions for agreement over specific issues (even if
this agreement might not be classified "optimal" from an gz
orZor” standpoint). Furthermore, this approach would not vield
specification of desired changes in the structure of the manag-
ing system, but would, through creation of a multifaceted model
system, constitute itself a "substitute" Zor gocially expensive
administrative restructurations. In order to anyhow effectively
constitute such a guasi substitute, i.e., to perform raticnaliz-
ing, 1nformative and communicative functions, this approach has
t0 include redundancy and be adequately software- and hardware-
backed. The orgware will, hopefully, £follow. This is of special
importance since coordination wholly at the local level, seldom
aimed at, is practically unattainable.
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It is generally postulated that the growth trajectory gen-
erated should be in some sense "harmonious.” The first approach
does satisfy this requirement via maximum (consistent with opti-
mal) deployment of local resources and activities and via break-
down of goals into subgoals and tasks in conformity with pre=-
determined norms and standard relations on sccial and environ-
mental aspects of development. This assures that the dominative
growth is least usable and most efficient. When multiplicity
of values and unreliability of efficiency parameters is admicted,
this dominative growth may by its very nature be considered in-
consistent with the one called harmonious. Whether consistency
assumptions can in specific cases be made should be always care-
fully investigated.

Thus, a "loose" concept of the role of models also has its
feasibility rationale. This rationale is illustrated in Figure
6, according to redundant model system creation ideas presented
in (6]. The system would be an information carrier for develop-
mental integration. It will serve each participant to elucidate
goals, alternatives to his own behavior, the potential position
of others, and the cooperation gains. Figure 7 presents those
processes that should be internalized in the model system for it
to be capable of performing the above functions. This set of
functions could, for example, be carried out with the help of a
set of models classified in Fiqure 8 (classification put together
for the two cases of regional development undertakings studied
at IIASA—the Tennessee Valley Authority, USA, and the Bratsk-
Ilimsk Territorial Production Complex, USSR, with their differ-
ing apprcaches to modeling and model use as correlated with the
socioceconomic conditions and management precepts).

4. APPLICATION TO THE KINKI REGION

Having, albeit somewhat shortly, presented distinctive fea-
tures of the two possible approaches to modeling and thereby
also the concepts of roles to be played by models in integrated
regional development planning, let us give insight intoc conditions
which, for a given regional development program case, define ap-
plicability of the two approaches/concepts.

When one looks at the spectrum of modeling represented with-
in the project team led by Professor Y. Swaragi, one can easily
see that elements of both approaches' concepts are comprised
there.

The largest single model undertaken, referred to as IRDPM,
has an obviously normative character and is based upon program-
ming precepts. It has a hierarchical structure (long-term
national growth, allocation and regional development) and is ul-
timately decomposable into submodels oriented to individual ac-
tivities (energy, land use, environment, etc.). Thus, it follows
the first line of thought presented here and, considering its
importance within the modeling project, has certainly nonneglig-
ible influence upon the way of thinking dominating the project.
In general, however, in view of the variety of paradigms and
methodologies, and of ways in which problems are conceived, it
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can be inferred that the overall picture this Kinki meodeling
project presents is nearer to the second approach/concept vre-
sented. In the rest of this section we shall briefly overview
potential justification for (or counter-indicaticns to) adoption
of this line of modeling in the case of the Kinki problématigue
and institutional situation.

Let us come back again to the six assumptions previously
listed as being important for the determination of an approach
adequate to a given situation:

— The first assumption, seemingly a fortiori satisfied,
should be in this particular case, if admitted at all,
complemented with a provision for prevalence of Kanto
and latent economies of its hinterlands, so that Kinki
might end up as a tertiary activity and "special
care"” area rather than a growth pole.

— The second assumption applies in the case of Kinki to
(mainly international) specialization, since all pos-
‘'sible regional-type activities are largely closed
within this area; specialization is subject to forced
rapid shifts, not (or to a lesser degree) by the in-
ternal Japanese economic situation, so much as by
changes in the internaticnal trade conditions.

— The prefectural governments within the Kinki region
do, in some cases heavily, rely on national financing
and supply; major projects, like Kansai International
Airport, will have to be mainly nationally funded; it
is, however, by no means obvious that this is a sine
qua non condition for integrated Xinki development in
a situation of a well established economy and multiple
local interests and drives.

~— The fourth assumption is inapplicable to Japan as a
whole, and to Kinki in particular; the national plans
have until now been treated not in any way normative,
but indicative, i.e., coupled with government expen-
ditures and indirect influencing of business: the
same holds for prefectures, with, additionally, less
resources in the hands of prefectural governments and
more likely less cooperation with nonlocal businesses;
on the top of that Kinki is a fuzzily defined amalga-
mate of several prefectures, with no administrative
power but rather traditional statistical, and long-
term planning significance.

— As mentioned above there cannot be any well structured
managing system for Kinki, unless important changes
are made in the administrative mechanism of Japan:;
there are some coordinating bodies devoted to narrowly
specified sectoral gquestions and also regional (Kinki)
bureaus of some ministries (MOC, MOT, MITI), but these
are not vested with policy functions nor with broader
management prerogatives; this is very closely related
to the fact that the goal structure is hard to iden-
tify, although it can be in general said that the
objectives pertain to harmonious and just development
and utilization of environmental resources, such as
water, land, and air, but to human resources as well.
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— The very nature of the problématique, as stated, re-
lated to environmental resources in a very densely
populated and highly productive area makes the scale
and agglomeration of economies a crucial, and at the
same time, very intritate question in itself.

For a more detailed analysis of some of the above issues see S.

Ikeda, J.W. Owsinski, and D.V. Winterfeldt, Planning, Modeling,
and Environmental Decision-Making-—Case Study of the Kinki Re=-

gion in Japan (this volume).

These considerations point cut that there may be some
rationale of assignment to models in Kinki the roles that are
proposed by the second approach, even if some aspects of the
situation (for example, the optimal resource utilization problem)
indicate usefulness of the more strict formulation (for an ex-
ample of the potential model structure incorporating elements
of both approaches applicable to the Kinki problématigue, see
Figure 9. The structure is composed of levels corresponding to
geographic and administrative reach, problem-oriented models,
and decision-making function-oriented models.) This, again,
although desirable from many points of view, resuscitates the
problem of values and the interinstitutional value communication.

Considerations comprised here constitute an extension for
understanding the role of models, as specified in a straight-
forward manner at the beginning of the paper. They turn out to
be more than computational devices —sort of magnified slide-
rules——and their encroachment into policy and operatiocnal de-
cision making spheres is quite important.

Thus, two distinct types of roles can be played by models
devised for use in integrated regional development. Certainly,
any model can simultaneously play both of these roles. 1In most
cases, however, the question of choice arises, related to fea-
tures of the situation and mecdeling capacities. It is important
therefore to adequately assess the ultimate benefit the partici-
pants of the development process can get from presence and use
of the models.
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1. INTRODUCTION

Interest in regiocnal development has grown very rapidly in
recent years—both among "hard," "soft," and "org" scilences, as
well as among decision makers, policy analysts, and planners
throughout the world. Seeking solutions to problems in this area
one must take into account technqQlogical, political, economic,
social, and environmental factors. Regional science and spatial
economics, which have had powerful influence on the theoretical,
methodological, and anlaytical approaches to regional development
issues for many years, seem to be toc narrow for finding the com-
prehensive and integrative solutions of regiocnal problems. More
multidisciplinary research is therefore necessary. Because of
international interest in this subject, the IIASA Management and
Technology Area launched a series of studies of worldwide large-
scale development programs: the Tennessee Valley Authority (TVA)
study in the United States [1], the Bratsk-Ilimsk Territorial
Production Complex (BITPC) in the Soviet Union (2], the
Shinkansen Program in Japan. The first two are large-scale re=-
gional development programs based on the utilization of water and
energy to attract industry; the third case was one of large-scale
interregional development programs based on the utilization of a
new technology to distribute industry through the entire country.

Not all the regions utilize their resources in an optimal or
even satisfactory way, so that some programs are needed to better
utilize human, natural, and technological resources in the re-
gional setting (see (2] or (3, 4]). A region, regardless of its
size, 1s a complex socioeconomic system. Understanding the
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sociceconomic processes on the regional level brings about a
better understanding of national and international problems.

Many leading regional scientists and systems analysts, such
as Professors Aganbegyan (see [5]) and Isard (see [6]), have
called for the application of systems analysis for solving re-
gional problems.

How can the systems analysis be used for the regional de-
velopment? From the management point of view, there are at least
three directions:

— What 1s to be decided? What are the goals, strategies
and decisions?

— Who decides? What organizations are involved?

— HoOw are the decisions rationalized? To what extent
can the calculations and models be used for decision-
making?

All regions may be characterized by complex situations, inter-
organizational problems, complex interrelations, etc. IIASA was
interested in how decisions should be rationalized, how one can
use calculations, models, etc., for better decision making in
these situations. However, the program organization and policy
formulation for regional development should also be a high-
priority subject of systems analysis.

The Kinki Integrated Regional Development Project launched
four years ago in Japan and carried out by a team of scientists
from Xyoto and Osaka Universities led by Professor Y. Sawaragi
[7], could be considered as a preprogram stage of the future
Program of Integrated Development of the Kinki region, and the
methodology developed and the findings of IIASA case studies have
a high applicability potential for this case. This is particu-
larly true, because the IIASA's large-scale development programs
case studies initiated integrated regional development (IRD) as
a new concept.

2. REGION AS ANOBJECT OF SYSTEMS ANALYSIS

The increasing importance of regional problem analysis re-
sults from developments in production means (growth of volume
and speed of performance), transportation and communication, in-
creases 1n the geographic density of economic activities, and
from the specialization of these activities, as well as new per=-
ceptions of the development of constraints, limits and impacts.
That 1s, it results from changes in the sociozconomic system's
configuration and functioning in its physical structural aspect.
In Figure 1 a framework analyzing the regional problems is shown.

The formal coupling of both socic2conomic and geographical
aspects may occur in many formal and heuristic ways (see (8, 9]
or {10]). The coupling, however, must occur between defined
entities. That is, the sociczaconomic entities (sectors) and
geographical units (regions) have to be defined. Ideally, one
would have an ultimate atomization of both spaces (gquasicontinu-
ity) and on the basis of such maximal disaggregation define
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Figure 1. Framework for analyzing regional problems.

Source: [(8].
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entities that are optimal for certain systemic purposes in a
given situation. Since the implementation of such an ideal case
is not possible, the procedure occurring within the administra-
tive and planning structure takes on an iterative form. The
problem arises of terminating the procedure before the situation
(structure and purposes) can change. Such a procedure would us-
ually start from an existing breakdown, both sectorial (minis-
tries, departments) and in regional (local governments, their
powers) dimensions. This initial setting is essential for fur-
ther considerations for three reasons:

— It defines the actual power interplay through which
current policies are implemented.

— It defines data used for development planning.

— There 1s a very high cost incurred for altering the
structure.

Different relations between various hierarchies, especially
with regard to the initial political-administrative ones, may be
illustrated by the fact that a region can end up as a definite
administrative unit, vested with the appropriate power, or as an
abstract entity used for planning/programming purposes. In as-
sessing the situation, a number of hierarchies have to be taken
into account through which the regions may be defined.

The region emerges as an element of the national system com-
prising definite subsectorial entities. Sectorial elements of
the region as a system are at the same time the elements of a
sectorial system (9, 11]. This duality imposes the first task
within the coordination problem. The second task is concerned
with interregional relations. Both tasks are nontrivial, and
may have internal and/or imposed objectives. To i1llustrate pos-
sible causes that may make the regional problems emerge let us
cite [12]:

{A) Differences in the development level.
{B) Difference in the natural endowment (including en-
vironmental limits).

These refer to the state of the object system. The way in
which regional differences will be handled depends on the per-
spective from which they are perceived. These are as follows:

(a) Naticnal investment allocation perspective (national
objective as a criterion of optimality, efficiency—
sectorial criterion—maximization).

{b) Distribution of wealth and growth perspective (balanced
growth or equity objectives).*

{c) Local development perspective (local objectives within
the framework of national ones).

*This distinction does not mean perpetuation of the "Equity
versus Efficiency" controversy (see, e.g., [(12]). The "E versus
E" problem may be easily solved if it is seen as being related to
the difference in time horizons; equity is expressed in rational,
people-oriented terms, or nonlinearity (limits) of efficiency is
considered.
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Mechanisms exist for monitoring (A) and (B) for continuous
regulation coordinating (a), (b), or (c). In such routine pro-
ceedings neither the regionalization nor the coordination prob-
lems are solved [9]. If, however, creeping divergences from
routine situations (including investment constraints) or sudden
exogenous disturbances make it impossible for established mech-
anisms to react properly, then either important structural changes
have to be introduced into the solutions or entirely new solutions
have to be found. The lower levels, not being able to cope with
the problem, project it into the higher ones, or the higher cnes,
recognizing the scope of the problem, find it necessary to induce
changes in their relations with lower level elements or inter-
relations on the lower level. The whole structure gets involved.
One can imagine that new (updated) solutions are being worked out
continuously and implemented only when losses incurred by sticking
to the old mechanism surpass the implementation cost. Such a
solution process would have the form of aniterative procedure
working in a loop between the element definition and coordination.
Appropriate element definition, based upon actual administrative
structures and socioaconomic/geographic characteristics, will show
the way of future evolution for the administrative structure and
will facilitate the task of coordination. (This is the way that
certain limitations inherent to uniquely sectorial economies, may
be overcome, see also (13, 1%, 15}]. In the coordination some re-
lations between the elements may be established that would influ-
ence the element definitions.

The outlined solution procedure involves a multilevel, multi-
hierarchical system structure so that the structure may undergo
essential changes. In relation to both element definition and
coordination two processes are vital for the solution determina-
tion: aggregation and decomposition. They reflect the approach
to solution finding in the sense of establishmant of relations
between the elements (bottom to top and top to bottom, respective-
ly). At the same time, they may constitute the mechanisms of
problem definition.

We can see a problem liable to renewal or to activation of
a solution process emerging whenever changes in features of the
system (A,B) or its potential (investment capacity), or, on the
other hand, in its objectives (a,b,c) occur. This is where our
main interest lies. The solution procedure that we are discus-
sing is meant in a structural sense, i.e., it leads ultimately
to modifications in the organization of an algorithm of the
actual managerial solution definition. It operates on the policy
making, and planning structure (algorithm) level [16], and not
only on the actual object system's guestions. Usually, the
changes mentioned are treated as localized ones so as to prolong
the time periods between a more sound restructuring of the system.
This often leads to the temporary implementation of programs or
projects as the modifications of existing, routine mechanisms are
just propagated in the usual way.

As a result of the phenomena mentioned in the first section
of this paper, changes in the region system make it necessary to
look for new solutions, both in the structure of the socicaconomic
object system, and in the structure of the on-going solution-
seeking algorithm for an optimization approach, see [17]. The
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determination and implementation of new solutions are complex
processes because of a considerable inertia with regard to ex-
ternal manipulations (or they may even change cpposing attitudes)
and autonomecus internal dynamics of regions. They are connected
with and strengthen the long-term character of region (spatial)
changes. This poses important guestions as to the reliability
of regional projections and plans compared with the sectorial
ones. Furthermore, one must also consider the stability, resil-
lence and robustness of the regional system, especially with re-
gard to possible policies to be undertaken and also the socio-
economic system with regard to possible regional developments.
In the conditions of extreme complexity it often means that al-
ternative scenarios, whose performances are then evaluated, are
constructed rather than a direct "continuous” medeling of policy
space which involves a greater search procedure [18].

The solution procedure should lead to the construction of
a system that would satisfy certain requirements formulated as
to its performance. Besides these specific requirements, ex-
pressed as objective functions, preference orderings, indiffer-
ence curves or satisfaction limits (19], one can propose some
general systemic criteria or properties. We shall cite two:
comprehenstveness and tntegration as derived, for example, from
{2G]. The system, and in particular the installed solution
algorithm, should comprise or account for all the essential ele-
ments and aspects. These should then be interlinked so that
they are contained by the system and also form it, and are then
necessary for a mere "inclusion" (comprehension) to the integra-
tion is parallel to the passage from gqualitative considerations
in the system's perception. Obviously, the object system is
both comprehensive and integrating, if taken broadly enough, so
that the problem lies mainly in its perception, analysis, and
redesign: 1i.e., in the solution procedure.

3. DEVELOPMENT PROGRAM EVALUATION AND ASSESSMENT

The implementation of the development program due to its
interinstitutional character and a strong interaction with the
political, social, econemic, as well as physical, environments
comes under different pressures and disturbances which make pro-
gram changes necessary. Therefore, it i1s useful and sometimes
necessary to evaluate the program in order to assess how suc-
cessful the program has been.

A periodic evaluation of development programs may plav an
important role in the improvement of eiffectiveness of the pro-
grams. The evaluation of the development programs should also
be included more and more in the analytic framework.

The evaluation of programs could be considered as a feedback
mechanism, which could include the identification of program
goals, evaluation criteria and clientele groups or actors [21].
The concept of clientele groups or actors should be constructed
broadly to include not only those who are ultimately affected by
a particular program, but also those who create and develop it
(20, 227.
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The evaluation analysis requires a consideration of conver-
gent and divergent interests, cooperative and competitive actions,
values, and motives, categorization of actors, relationship or
linkage among actors, ilnformation basis, adequacy of information
basis, relevance and accessibility of actors, types of decisions
and their consequences, and the issues or problems that emerge.

The sequence of this analytic framework is shown in Tigure
2. The evaluation process should also include several compari-
sons:

— Comprison of program before versus after.

— Time trend projection of preprogram data versus actual
program data.

— Comparisons with system's segments not served by the
program.

— Comparisons of planned versus actual performance.

The evaluation of the development program could improve the
effectiveness of a particular program but also be a good source
of overall program management experience.

Important sources of knowledge on the development program
experiences could be obtained through the issue response analy-
sis (see Figure 3). The evaluation is therefore based mainly on
an analysis of a societal process that leads to the definition
three modes: debate, policy generation, and decision making. The
development program, defined by the societal process going through
the above three modes, finally shapes the eco-techno-economic
system, which is the object of the program's performance.

Analysis of interrelations between issues, actors, and pro-
gram phases gives us an opportunity to specify the main advan-
tages and disadvantages of the program, the main advocates and
opponents as well as the possible future of the program. The
important part of the program analysis is that it is also sur-
veying the application of models, computers and systems analysis
for each subsystem as well as for the whole program.

The Kinki Integrated Regional Development should interact
with the national economy system, prefectural systems, demogra-
phic system, regional economic activity systems, transportation
system, water system, and environmental system as shown in Fig-
ure 4. To see the problems of Kinki IRDP in an appropriate
perspective, the main issues and their changes are summarized
in Table 1. The issue areas are: national, general, regional,
transportation, environmental, and related to Kinki itself.

For each area the issue changes over time, i1.e., as appearing

in the three consecutive comprehensive development plans (1961-
1969, 1969-1977, 1977~ ), are presented. One should remark that
the issue changes depend strongly on the change of regionally-
oriented national comprehensive development plans. The main out-
lines of the second comprehensive development plan is shown in
Exhibits 1 and 2, and the main elements of the third comprehen-
sive development plan is given in Exhibit 3. A more detailed
outline of the third comprehensive development plan, partitioned
into main goals and areas of interest as well as scope of compe-
tency of appropriate governments (national, prefectural, and
local) is shown in Figure 5.
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It may be interesting to compare the basic conceptual dif-
ferences between the second and third comprehensive development
plan. It is sketched in Figure 6. The changes of comprehensive
plans as outlined above must necessarily cause changes oi poli-
cies over time. This is shown in Table 2 for each issue area,
i.e., national, general regional, transportation, environmental,
and related to Kinki itself. As may be seen, these policies
evolve from pure growth-oriented ones to more conscious human-
and gquality-ocf-life-oriented ones.

The Kinki Integrated Regional Development Program should
help to solve the regional problem through the regional special-
ization [3] and creation and utilization of opportunities. It
is, however, necessary to form and launch the program and choose
for it some organization.

4., AN ORGANIZATIONAL ANALYSIS OF REGIONAL DEVELOPMENT- PROGRAMS

The organizational dimension of program management represents
an important issue for its successful implementation. Despite
this the scientific support for multiorganizational strategies
has been very limited. The purpose of this section is the pre-
sentation of a conceptual framework for the analysis of the organ-
izational strategies of development programs. This framework has
been developed at IIASA in the context of research in case studies
of Large-Scale Regional Programs. Both the methodological approach
and its testing for different development programs is documented
in (2, 23]. Further in the section some observations on applica-
tion of this methodological approach for the Kinki IRD Program
will be presented.

The conceptual framework is intended to provide a method for
deriving the organizational implications of program objectives
and assessing the capacity of existing or planned institutional
resources in terms of those implications. It can be utilized
either to generate alternative organizational strategies or to
2valuate policy proposals in terms of thelr contribution toc ef-~
fective program management.

4.1. The Framework

The selection of an appropriate organizational strategy
should be a function of the nature of program objectives and ac-
tivities, existing institutional relationships and the wvalues
governing the management and organization in the vrogram setting.
The conceptual framework provides policy makers, through their
analysts, with the capability for assessing existing institutional
resources and strategy alternatives according to a set of criteria
which are derived from organizational principles.

4.2. Management Challenges

Program substantiation places some demands on the management.
These demands could be identified in terms of management chal-
lenges. For any program the full range of activities and suppert
Jrocesses 1s very high and a subset of these must be selected for
a uaserful analysis.
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The concern should be with those aspects that are a direct
consequence of the creation of a program. The concept of manage-
ment challenges facilitates the distinction of this program-
related complexity. On the other hand, they involve and atffect
many different organizations in the program setting and the way
these organizations interrelate. As an analytic device, the def-
inition of management challenges serves to crystalize the malor
organizational policy issues.

4.3. The System~Environment Interactions

0f the many organizations that might in some way or another
be associated with the program we define our relevant organiza-
tional system as consisting of those organizations whose objec-
tives are derived, at least in part, from the statement of pro-
gram objectives. The most elementary part of the framework is
the recognition that this system is in interaction with an
environment-——a systemic environment consisting of those factbrs
external to it, a change in the complexity of which requires
some response by the system. If the system is to survive in its
environment, the interaction between system and environment nust
be balanced in one way or another. That is, the system must be
able to respond in an appropriate way to each change in the
state of the environmental factors, This is a statement of Ashby's
Law of Requisite Variety {24],

Figure 7 illustrates the concept of system-environment inter-
action. The relevant system environment is defined by the system
objectives. The particular objectives that a system is intended
to achieve define the set of outside factors that must be taken
into account. When new program objectives are defined, they tend
to result in an increase in the complexity or number of states of
the environment to which the system must relate. It is this in-
crease 1n environmental complexity that poses the new challenges
to the system. If the objectives are to be achieved, organiza-
tional responses are required that increase the ability of the
system to meet the new complexity of the environment. A reformu-
lation of Ashby's Law for this framework says that the complexity
of the organizational response should be at least as high as the
complexity of the challenges if there 1s an intention to control
them.

‘ l »
i Mulpl- . Environment ‘
: Organization //
I D \__/\__,/‘(
Organizational ~hall
hallenges
Responses :><: - g

Ffigure 7. System-environment interaction.
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4.4. Structure of the System

The set of organizations, the multiorganization, which de-
fines the system under consideration, has a structure, be it
formal or informal. This structure 1s identified by studying
the nature of the goals of different member organizations in the
context of the development. In this manner the organizations
are clustered into a system structured by levels, each embedded
within each other.

In this case, where the program is one of regional develop-
ment we can define a national or general system level which de-
fines the boundaries or general objectives of the regional pro-
gram, At this level are organizations whose focus considers
trade-offs between regional development and other potentially
competing activities. Once these trade-offs are worked out and
goals defined, the goals are specific to the regional program,
and which form the reg<onal or program system.

This system level considers only trade-offs internal to the
regional development objectives among various activities, thereby
defining subgoals., In their turn to implement the subgoals, these
are handed to a set of organizations concerned with specific
activities, the regional or program subsystem.

We recognize this goal definition process as iterative and
continuous between system levels.

The identification of these systemic levels is the first step
in recognizing the pattern of organization in a particular setting.
An implication of this systemic definition of organization is that
the challenges we have identified earlier can be addressed by any
one of the levels or by actions taken by any mix of organizations
at the various levels.

4.5 PFunctional Capacity

The management capacity of each one of these systemic levels
can be expressed 1n terms of the functional roles played by each
organization within it. The capacity of a system level is gener-
ated by the functions embodied in the organizations that comprise
that systemic level. This functional capacity is specific to ob-
jectives and occurs at each systemic level. Five functions will
be defined that are sufficient to describe all system behavior
and that are necessary functions if the system is to achieve its
objectives. These functions occur at each systemic level.

A @o;icy Funection exercises discretion to choose between al-
ternative strategies for objective achievement. Once selected,
those form the objectives for subsystem. In this choice policy
1s supported by a process of generation and substance of alter-
natives— the Inteliigznce Functrion.

A Jonctroil Fumetion "manages” the subsystems by providing re-
sources and monitoring their performance against the objectives.
Generally the activities of subsvstems will be independent. A
Jocrdinaction Function provides for direct information exchange
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between subsystems so that they can take into account their ef-
fects upon each other. Finally there is a need for the selected
activities to be implemented-—an Implementation Function. At any
system level this is provided directly by the subsystem embedded
in that level. These five functions can, in turn, be recognized
within the subsystems themselves. Together they define the
"functional capacity” of each systemic level with respect to a
particular objective. The functions and the concept of recursive
levels provides the analytic framework with a capability for focus
at any level of resolution, as illustrated in Figure 3.

To summarize the discussion of the framework, we may now
consolidate these various elements into a more general picture
of the analytic process. It is the increase of environmental
complexity associated with program objectives that poses new
challenges to the system. This new complexity may be met at any
of the system levels under consideration.

If the program objectives are to be fully achieved it 1is
postulated that the organizational capacity at each level should
be sufficient to meet those demands. If matching does not occur,
a lack of responsiveness of the system to its environment, lead-
ing to ineffectiveness, could be postulated. Such a case leads
to a reconsideration of objectives which permits a different dis-
tribution of challenges among levels.

In this context, our inquiry could permit a detailed under-
standing of the overall response of a system. The policy output
of an inquiry may be either a set of alternative strategies to
facilitate the response, or an assessment of alternative organiza-
tional policies which may be under discussion.

4.6. The Scheme of Organizational Analysis

The organizational analysis, based on the methodological
approach presented above, is accomplished in a multistep process
which involves the use of an abstraction of the program objectives
and of institutional resources (Figure 9). The commen language
description of institutional resources and activities formal-
ized and transformed into a systemic representation in order to
address this issue. This transformation permits a reformation
of issues and construction of a model of the program management
system which can be analyzed and diagnosed. The systemic nature
of the model orders the multiplicity of program activities and
institutional relationships with a logic that permits operational
consideration of such issues as interdependence, the distribution
of discretion and authority, planning capability, communication
links, and others.

The step from the analysis to the creation of organizational
proposals requires a translation from the abstraction into the
institutional alternatives, i.e., the forms that are appropriate
for the program setting.

The analytic process must be coupled with a sound and inti-
mate understanding of the values and traditions of the program
setting 1in order to produce Zeasible organizational strategiles
which are of use to policy makers.
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4.7. Some Observatians for the Xinki IRD Program

The process of organizational analysis starts with data col-
lection. Program objectives, the activities associated with them,
and the institutions relevant to the management of those activi-
ties represent the data base for the analysis. The complete data
base is the first requirement to be able to make the transforma-
tion, 1.e., to describe the real world in terms of the model and
to analyze organizational strategies within the language of the
model.

In the case of the XKinki IRD Program the limited information
of the reality is not sufficient to construct the full data base
for the complete organizational analysis according to the frame-
work prosecuted. Instead we will make some interim observations
based on the data of papers in this volume. This very limited
analysis we will restrict—from the view of the framework—to the
consideration of policy function only.

During the sixties—as indicated in papers of Japanese au-
thors—the main aim of Japan was to promote the economic develop~-
ment of the country. Simplifying, we can say that the main goals
were:

— to raise the people's income level
— to increase the industrial ‘production capacity.

These goals created some management challenges. We formulate
them as specialization at the international level and industry
location/allocation among prefectures. These challenges were
mainly addressed by the national system. The functicnal capacity
of that system level was enough to cope with them., The implemen-
tation function was delegated to what we call regional subsystems,
be it along administrative or business lines. The regional sys-
tem level was not recognized.

Now we add to those objectives a new one formulated as
— to create the camprehensive development of the region.

It incorporates interprefectural problems, such as resources
development, environmental protection, and others coming from the
necessity to improve the peoples well-being within the region——
also in terms of noneconomic aspects,

This new situation results in a rapid increase of the sys-
temic environment complexity. New management challenges are
posed that should be addressed at a regional systemic level. To
cope with these challenges the policy capacity must exist at chat
level.

It could be exercised by organizations (institutions) where-
ever they are located. Let us consider whether in the existing
institutional structure a policy capacity does exist that is able
to cope with the demand created by these challenges.
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First we will identify organizations that have policy dis-
cretion (for some of them exercising the policy function can be
a part of their activities). Within the central government there
are organizations that consider trade-offs between aspects of the
Kinki region and aspects of other regions, e.g., development of
other regions. These are the organizations supporting the region
with long-term public investment programs as well as the finan-
cial investment and loans program. To that set also belong NLA,
EPA, and—to some extent—the Ministries. Within the region
there are the following organizations: local (prefectural)
governments, joint committees, governers cooperations on inter-
prefectural physical projects, and informal regional bodies and
institutions, e.g., Kansai Information Center. Having identified
these actors we should evaluate the policy capacity of the re-
gional systemic level against the demand for the policy discre=
tion. This level of discussion does not provide us with the
ability either to decide this or to make any scientific evalua-
tion. However, what we presented could be treated as a very
simplified illustration of the analytic process. In particular
it can be observed that in spite of the fact there is no regional
authority it is likely that the management capacity of the re-
gional systemic level either could exist or could be created
within the existing institutional structure,

The methodology and frameworks based on the experience gained
from IIASA case studies on large-scale regional development pro-
grams like TVA, Bratsk-Ilimsk and Shinkansen could be applied to
other regional development programs, even less strictly formulated
such as the Kinki IRDP. Some of the extreme conditions of these
large programs help us to understand better the interorganiza-
tional behavior of regional development programs. The attempt
made in this paper to apply frameworks for the evaluation of pro-
gram organization and policy formulation for the Kinki IRDP proved
to be suitable. This is even true in another extreme case, when
the integrated regional programs are based only on research and
modeling efforts and problématigue generation almost without any
organizational solution. This applicability should be understood
in a way where proper questions could be generated and attention
should be paid to the future formulation of the Kinki IRDP, if it
proceeds to the next program formulation stage. Due to the frame-
works we have developed we can see that the Kinki IRDP effort is
still at the preprogram stage, which-—due to our methodology—is
extremely important as a prerequisite of any real IRD program.

We hope that our results will be of use for Japanese researchers,
as well as planners within the Kinki region, not as a recommenda-
tion, but as a way of focusing problem perception.
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IBM Japan, Tokyo, Japan

ABSTRACT

Since 1972, the Tokyo Scientific Center, IBM Japan, Ltd.,
nas devoted considerable effort to the areas of environmental
problems and urban/regional development programs. The systems
~we have developed, such as the Interactive Simulation System for
Air Pollution, Hyogo Dynamics, the Computer Assisted Regional
Planning System, etc., have exhibited our research philosophny,
and have affected regulations, procedures, and the administration
of environmental and regional management systems in Japan. As
a natural extension of our research experiences and what we had
learned from activities with central and/or local governments we
developed the Kinki Integrated Regional Development Program with
some university professors in 1977.

This report 1s a brief summary of our past research experi-
ences 1in environmental, urban, and regional development systems
from early 1972 to date; its discussion deals mainly with the
philosophies of our research concepts as realized in computer-
assisted systems.

1. INTRODUCTION

The objective of the Scientific Center is to conduct research
on computer applications. One of the typical research areas is
the exploring of how the computer can be applied to solving prob~
lems in an environment that is becoming increasingly complex.

The chronological history of major research projects and pro-
jrams related to environmental, urban, and regional areas took
place at the Tokyo Scientific Center, IBM Japan, as shown in Fig-
ure 1.
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In 1960, the Prime Minister H. Ikeda launched a policy for
a "high growth rate economy" in Japan. From then, up to the so-
called "oil shock" in 1973, Japan has enjoyed economic growth and
a rapid expansion of industrial production capacity.

At the beginning of 1972, when the environmental problem,
especially the air pollution problem, began to be recognized as
a nationwide problem, one research group was initiated at the
Tokyo Scientific Center to challenge the environmental problem
as a new computer application area. They decided to develop com-
puter technology useful for environmental conservation and have
concentrated their efforts on developing computer techniques re=-
lated to that area.

On the other hand, the Hyogo prefecture, suffering from re-
gional problems, was looking for a tool that could be used for
making. planning operations more scientific and accurate. Hyogo
is one of local governments that have concerns in revising and
improving long-range comprehensive plans, and that have initiated
activities in making new plans with new concepts, from around
1973, corresponding to the plan at the national level. Thus, we
got together and began to conduct research jointly so that our
research can be applied in actuality and the results can be util-
ized by the policy planners and their co-workers.

The first phase of our research activities was the implemen-
tation of the Interactive Simulation System for Air Pollution
(ISSAP)[1, 2, 3, 4] based on the Gaussian Plume model in which
effectiveness was verified by using actual data gathered in
Himeji City, Hyogo prefecture. Next was the building of a system
dynamics model, called Hyogo Dynamics [3, 5], for establishing a
long~-range comprehensive plan.

In 1975, based on these activities, an experimental system
called "CARPS," the Computer Assisted Regional Development Plan-
ning System [3, 6, 7, 8] was developed by us together with Hyogo
prefecture. Since then, the system dynamics approach, adopted in
the Hyogo Dynamics for seeking a comprehensive planning, has been
guided to Osaka prefecture [9], Miyagi prefecture ([10], and so on.
Experience obtained through our research activities has been
highly appreciated by the National Environment Agency preparing a
new bill for an environment impact assessment.

As a natural consequence of experiences gained through sev-
eral years in system research and development activities with
local governments, an important issue has become clear:; that 1is,
the necessity of relaxing the administrative constraints and
boundaries even on a hypothetical basis to cope with problems
that may lay across more than one prefecture/city simultaneously.
At the same time, we have felt that there are few really effec-
tive methodologies existing and working in the city and little
regional planning to integrate separated and independent analyti-
cal approaches~—with some exceptions, such as system dynamics,
systems of social indicators, narrative scenarios with technical
manuals, and so on.
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Under these circumstances, the Kinki IRDP project (11] is
being initiated. One of the major concerns 1s tO generate a
workable idea of integration and coordination.

2. INTERACTIVE SIMULATION SYSTEM FOR AIR POLLUTION

The shifts in energy demand and environmental pollution in
Japan from the fiscal year 1955 to the fiscal year 1972, when
our group's activities started, are shown in Figure 2. While
the real GNP in the fiscal 1972 was 5.1 times bigger than that
of 1955, the level of SOx and NOx increased more rapidly than
that. The growth of the economy has improved living standards
and the conveniences of daily life, but it has also caused un-
desirable effects from the standpoint of environmental conserva-
tion. Environmental pollution has been recognized as a nation-
wide problem, threatening the living and health enyironment of
most Japanese people. As a result, new air guality standards
went into effect in May 1973.

Under this situation, we decided to build an air pollution
simulation model and to implement an Interactive Simulation Sys-
tem for Air Pollution using this model in cooperation with the
Hyogo prefectural government. Himeji City (see Figure 3) was
selected in order to verify the model so that emission data could
be obtained in compliance with the agreement with Hyogo prefec-
ture and Himeji City for experimental research use. Based on the
Gaussian Plume model, though we have modified it on the basis cf
a well established statistical method, the eight-hour average
concentration of SOx in the daytime was calculated in an episode
condition.

The Interactive Simulation System for Air Pollution (ISSAP)
was designed to identify the efficiency and feasibility of using
a computer-aided system for the solution of an air pollution
problem. This system also provided an evaluation tool for simulat-
ing air pollution when performing urban planning and environmental
control planning. Graphical representation of simulated results
was given on the IBM 2250 graphic display unit as shown in Figure
3. Any parameter of the model, such as stack data, meteorological
data and simulation area data, can be easily retrived and modified
interactively through the screen in the course of simulation.

A series of demonstrations to the executive officers of local
governments, private industries, and academic societies had in-
itiated positive discussion of the power of the systems approcach
we had taken. And the Gaussian Plume model was incorporated in
the total control method by the Environment Agency of Japan {12].

3. HYOGO DYNAMICS

The aim of the studies on the Interactive Simulation System
for Air Pollution was to solve problems for a short period and
for a small region.
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In Himeji City, during the period from 1965 to 1970, popula-
tion shifts indicated a greater trend toward urbanization due to
industrialization in the coastal area. On the other hand, there
are about 200 stationary emission sources. They belong to plants
such as steel mills, refineries, power plants, and others located
along the coastline like many other industrialized cities in
Japan. As a result, a large part of the city including the urban
areas and northern suburban areas came to be affected by pollut-
ants owing, especially, to winds coming from the Seto Inland Sea.
This tells us that the environmental issue is not only related to
environmental planning and/or environment impact assessment but
also to regional development planning and comprehensive planning.
Thus, we have reached the conclusion that the long-term and wide-
range approach is essential in order to solve the problem in a
thorough way.

Meanwhile, the Hyogo prefectural government was about to re-
vise their earlier comprehensive plan since it had turned out to
be insufficient and not systematic. The government had formed a
project group called the Hyogo Dynamics Project Team {12], and
the cooperative activity with us started in May 1973. So, from
this standpoint, our study started from the bottom level, namely,
from air pollution simulation, in the planning hierarchy as shown
in Figure 4.

The cooperative activity was aimed at investigating the
solving of problems of environmental disruption, land use, traf-
fic congestion, and industrial activities not only by individual
but also by comprehensive approaches. From the viewpoint of the
hierarchical structure of planning, the aim can be interpreted
as a search for a tool in establishing a comprehensive plan.
Through this activity, a system dynamics approach was selected
and a simulation model called Hyogo Dynamics was built.

The Hyogo Dynamics Model is primarily a vehicle to assist
the Hyogo prefecture in making the New Comprehensive Plan. The
model has two separate purposes. One is to give warning against
various social, regional problems that would arise if the exist-
ing policies are followed: "what if nothing is changed in the
present policies for growth?" The other is to promote people's
understanding of trade-off relationships among such problems as
environment, traffic, quality of life, etc.

The Hyogo Dynamics is made up of four scenarios: population
sector, industry sector, environmental pollution sector, and re-
source sector. £Each sector is broken down into many factors.
The model gives a simulation of the whole prefecture and the
coastal area for up to 50 years. The conditions of 1970 are
entered as initial values. Through the model, it is forecasted
that the population of the coastal region will reach a peak at
around 1990 to 1995 {13]. This means that the activities in the
coastal region will reach a limit in the future, Air pollution
and water shortage in this region will apparently become very
serious.
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The outcomes from a series of computer simulations were pre-
sented to the inhabitants by holding regional symposia, which took
place in different subregions of the Hyogo prefecture, to obtain
peovle's agreement to and acceptance of trade-offs. The opinions
raised through these processes were reflected in the draft of the
New Comprehensive Plan. The governor of the Hyogo prefecture de-
cided to adopt the New Comprehensive Plan in March 19738 [14];
this would not have been made possible without the help of the
Hyogo Dynamics which we have developed and the support of the
prefectural inhabitants.

4. COMPUTER ASSISTED REGIONAL DEVELOPMENT PLANNING SYSTEM

From our experience of developing computer systems for en-
vironmental problems described so far, we can say that the role
of the computer is not only to gather data and predict the pol-
lution levels but also to assist the policy planners in methods
of bridging the gap between the goal described in the comprehen-
sive plan and the real problems to be solved in a region.

The planning process is said to consist of comprehensive
plan as a vision of comprehensive regional development, as a
vision of regional development projects, the fundamental scheme
of the projects, the basjc plan of the project, and the project
implementation plan as shown in Figure 5. From the viewpoint of
the planning process, the comprehensive regional development plan
is merely a vision of the entire regional development. A proposed
plan of a specific project is supposed to be evaluated by a com~
parison among all the alternatives at each of these stages. The
process of picking out an alternative 1s extremely important be-
cause of conflicts among the proposed project plans.

As a matter of fact [14], the New Comprehensive Plan estab-
lished by the Hyogo prefectural government expresses the necessity
of developing a computer system tO manage regional development
projects in order tc make the comprehensive plan more operational.
In other words, it is necessary to develop a system that links
the comprehensive plan and a regional development plan. Thus,
the joint research on the CARPS was started in early 197S.

There are two objectives of the joint research. One 1is,
from the viewpoint of the planning process, to establish a manage-
ment system or a management procedure that can be used by a con-
cerned planner who makes and evaluates a detailed plan based on
the comprehensive plan. The other is to establish the concepts
and to develop an experimental system to realize this management
system from the standpoint of computer technology.

The CARPS is an Interactive Computer System which handles
regional statistic data and simulation models and outputs gener-
ated information on a display unit enhancing the communcation
between the computer system and the policy planner (Figures 6 and
7). The planning work is usually performed in a very "unformatted"
or "nonprocedural" way. In order to make it possible for a com-
puter to assist planners in such a manner, the CARPS provides two
unigue functions: one is the Interactive Table Data Operation and
the other the Interactive Model Qperation (7, 8].
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The Interactive Table Data Operation handles a table format
data base of various types of data including regional statistic
data and time series data. The data can be retrieved and modi-
fied through a display terminal. These table data can also be
used as an input to simulation models or application subsystems.
The Model Operation facility incorporates any predefined model
and links it to other models in an interactive way. For example,
the GNP model can be executed independently and it can also be
combined with other models under the control of the Interactive
Model Operation.

The CARPS thus aims at giving assistance in making multi-
stage assessment (see Figure 8) of regional development projects
from three aspects: from the higher level plans such as the
long~range comprehensive plan, from the restrictive standards
such as the legal restrictions, and from impacts of the project
such as environmental impacts. On the other hand, procedures
that are already set for planning can be built in the CARPS as
application subsystems depending on specific reguirements.

5. TOWARDS THE KINKI IRDP

As mentioned earlier, the fast-growing economy in Japan has
brought about various social strains. In urbanized and indus-
trialized regions, over-population, traffic and housing conges-
tion, environmental deterioration caused by pollution and water
and energy shortages have come to be recognized as serious prob-
lems. In the meantime, in suburban and rural areas, the result-
ing rapid urbanization and industrialization have caused destruc-
tion of the natural environment and traffic congestion. All
these hazards were clearly revealed after the so-called oil shock
of 1973 and the disposition of the issues has been left to the
central and/or local governments who ought to resolve them to
some extent.

At the same time, the Kinki region, which comprises seven
prefectures (Osaka, Kyoto, Kyogo, Shiga, Nara, Wakayama, and the
southern part of Fukui), have begun to experience the same kind
of social problems, such as uneven population distribution, im-
balances in production and income levels within the region, rela-
tive decay of agricultural activity, environmental deterioration
in highly industrialized zones, water shortages, and traffic and
housing congestion as shown in Figure 9.

The Kinki region is located about 500 km west to Tokyo. It
contains the Kyoto-Osaka-Kobe industrial complex, the second
largest industrial complex, which depénds mainly on the nation's
largest lake, Biwa, as a source of water. In addition, Kinki is
the country's most important historic region. The cities of
Kyoto and Nara, world-famous cld capitals, are lacated in the
center of Kinki. These cities and their surrounding areas are
working hard to preserve the many historic sites and cultural
assets, traditional arts, festivals, and customs that are so
much a part of the peoples heritage and daily lives. The Kinki
region is thus considered as a fundamental unit for defining and
solving the problématique, having a common societal, cultural,
and historical background.
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Faced with these social problems brought about by a high
rate of growth and the fact that Japan must rely on imported
materials (e.g., oil), the nation has begun to reconsider and
modify its attitudes and examine future socioeconomic development
and land use planning. As a consequence, as the philosophical
guideline for a long-range comprehensive regional development
plan, the cabinet approved SANZENSO ("The Third Comprhensive De-
velopment Plan of the Nation" in English) on 4 November, 1977
{(16]. In it several new and advanced concepts are explored and
proposed and it is recommended that the regional development
plans for the coming 10 to 20 years should be based on it.

Some of the major concepts are as rfollows:

— Decentralization of functions of the metropolis.

—- Implementation of the human settlement strategies among
local communities.

— Management and allocation of human activities in an
optimal way throughout the nation.

— Establishment of social and physical security.

— Promotion of industrial activities in a fashion co-
ordinated with natural, living, and a cultural environ-
ment.

It is also said that the national land use information
should be collected for appropriate planning purposes.

On the other hand, we have recognized certain inevitable
characteristics when conducting research on urban/regional devel-
opment programs though our various research experiences. Some
of them are:

{i) . One specific region cannot be isolated or handled as
a closed system since the problem in that particular region often
interacts heavily with problems outside the region besides the
problems within the region, as shown in Figures 10, 11, and 12.

(ii1) . Because of the interdisciplinary nature of the re-
gional development problem caused by sociceconomic effects and
by the behavior of the inhabitants, we strongly feel the neces-
sity of exploring diverse methodologies to see if they can be
applied (see Figure 13).

(iii). PFurthermore, there are still some problems left in
the area of impact assessment. Impacts vary with influencing
elements and duration of effects. For example, 1f an industrial
park is introduced to a region, though expecting better regional
environment formation, the function of impact assessment will
forecast multidimensional impacts caused by implementing the
project by setting up the network connecting seemingly isolated
problems.

One answer at present to the above problems is that the re-
search has to be conducted to support the planners to some extent
in their decision-making processes using computer systems. That
1s, the role of the computer in solving these kind of problems
was to gather data and predict the impact level. But it should
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Effect | Industrial |Urbanization .
Cause Development |(Population) Resources | Environment
—+ =+ -- --
Industrial
Development Scarce Re- | Pollution
sources
+—+ + - --
Urbanization
{®2pulation) Population | Scarce Re- Poilution
arowth isources
Resources Decentrali- | Tight Regu- |Alternative |Maximum Use
zation lation of Respurces; of Re-
Land Use sources
Environment Environment ; Environment Multiple
Assessment 1Assessment Effects
|
| —

++  Strong Positive Effect
+ Positive Effect
- Negative Effect
--  Strong Negative Effect

Figure 10. Problem structure-matrix.
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assist the policy planners in making a complex regional plan that
is supposed to be beneficial to the people of the concerned re-
gion beyond the primitive role. That is, computer systems are
expected to play an effective role as decision support systems
(DSS) in urban and regional planning. We are trying to establish
such a system that can predict project impacts concerning various
elements such as population, employment, production, income, ZIZi-
nance, and living environment.

6. KINKI IRDP (INTEGRATED REGIONAL DEVELOPMENT PROGRAM)
6.1. Goals, Objectives, and Scope [11, 17]

The goal of the Kinki IRDP Project is to apply systems an-
alysis methodologies in the development of a comprehensive re-
gional plan that can form a sound and prosperous base for the
future development of the Kinki region, from the information
supply point of view. The regional development plan must encom=-
pass various subregional characteristics and goals and enhance
the quality of life of the region.

6.2. Anticipated Results (11]

The anticipated results in the Kinki IRDP project may be
summarized as follows.

(1) . Structural identification and analysis of the regional
problématique by the use of advanced systems methodologies, and
suggestions for relevant regional policies to deal with it.

(ii) . Generation of views on the future regional situation,
normative or seminormative.

(iii). Suggestions for new concepts of regional planning
and management, and suggestions for regicnal development guide-
lines, sociceconometric and cultural objectives, and constraints
with respect to the environment and available resources.

(iv). Functional design and feasibility test of systems
methodologies and the computer support system, including the con-
struction of an experimental data base and demonstration packages.

(v). Communication between central and local administrative
authorities and the industrial and commercial sectors.

(vi). Technology transfer to and from other institutions,
e.g., IIASA (International Institute for Applied Systems Analy-
sis).

The research activities are currently conducted under the
IBM partnership program contract between JAACE (the Japan Asso-
ciation of Automatic Control Engineers) and IBM Japan for two
years starting 1 January, 1977. The nature of the research ob-
jective, scope, and anticipated results are expected to be highly
beneficial in terms of:
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(1). Issues in the Kinki region could be common issues
anywhere in Japan and anywhere else in the world as well.

(ii). There could be extensive application of established
and new methodologies, or a combination of both, into the socio-
economic environment, more specifically, to the IRD Program.

The functional role of each partner based on his previous
experiences is shown in Figure 14.

6.3. Systems Methodologies (11, 17)

Another aspect of the objective is that it should make full
use of a variety of advanced methodologies existing for systems
approaches to a complex problématique and should check their con-
ceptual and methodological feasibilities in the IRDP application.
These methodologies include

system structure identification and analysis
forecasting

modeling

evaluation and optimization/decision-making
computer assisted technigues.

As to the last item, efficient utilization of computer-
assisted technigues is important for the project. These are:

{(i). Interactive computing. In order to incorporate ex-
periences, value systems and planning know-how into the integral
model, an interactive approach is essential. Model management,
operational functions, and data~handling management is to be in-
tegrated in a computer system.

(ii). Display technology. 1In order to accelerate <communi-
cations among planners, model developers and other involved
parties, display terminals are used extensively.

The matrix of the problem areas in the IRD Program and sys-
tem methodologies is indicated in Figure 15. Computer-assisted
technigues are considered to be cross-sectional.

6.4. Interim Results of the Kinki IRDP

To date, most research activities have been devoted to the
development of individual methodologies and how they could be
applied to the real problématique if at all.

Structural Identiftication and Adnalysis of Aegional Problématique

Extended version of Figures 11 and 12 were developed among
interested researchers to expose various aspects of the problém-
atique commonly seen in the urban/regional development program.

The structural relations, by DEMATEL, among cross-regiocnal
attributes are shown in Pigure 16 and interregional analysis is
also reported as joint discussions with local government officers
{18]. The interpretation suggests that:



131

‘[tt) :eoo1nos

‘dg¥1 THUTH uT saouatradxs pue uorjoung

‘h1 2anbig
‘Buruued peuorhon ayy a0y pado|aaap Apeaage
u33q aAey sotueulq exrsg *soumeukg 060hy Syldy
sartmeulq ehiyg -
(0104%) ueyg asp-puey -
UOL1eDLJLIUIP] WAN4]S
uotiatpadqe soleukq eyesq -
UOLPULNIDIAG WAL GO
sa1bojopoyiay padueApy - soumeuly oboky -
13POW IANIN - SdYYI-SYId - «
(teuoLbay-aaqur)
uerd asp-pue Uo13LuUL}aq walqoad -
. uogjed K -
eieg (euoibay > uotin|og S t1edousg Atiod Amunuu s|euLula] 491nduio?)
auy (aping Buruaep -
huy319s aaryoalqg -

AL IANIY




132

Macro :’ M
R Regionai | Subregional Propiems ‘ Regronal Management 2olicy ‘
. Probiems | | |
\v\ Proolem - ‘
N A : _ :
N rea bl Land Use . Eav. Plan «elfare Plan ,  Otrers ;
L 5§18 ‘ '
\ S5 T M IR v )
\ - | 3 ) < | | H i : o \ s < | !
‘:_!s‘z,}:i | cis @ o 5 :‘E;:ws;c
. 13|32 3 Stidmiziisig s o 3lE g8
S | - - - = ! g = Y v 27
Mathogologtes SRR TS a1k 5 "_13‘ 2323
\ - u‘)ut: a.22 £ = Eoigsiug| = 2 = 2i22Ee
13|33 3 £iES 2 S 2n38Yy 2 8z € =2lsg
Q| A |- = 4 : ! 3 U 4 Y3 w3 Plow 2
\ 2 2 = P ‘ o R 5= 5., &
I ‘ | : b ;e S
T v ! \ | | )
| cetoni Method S N R P S S
| : : : :
’rablem ‘ " i | i
Definition | K-J Method X ; i : \ ‘ | ‘ ook
| | i ) ] ) | T
Ad-noc Method X ' . i [ ! . k X X
! | : ‘
| ! i
| 134 LR S X < X ;4 1 CX X X X X % i
i ! ' .
. JEMATEL PR S S SR SR SR SR IO S SR
| Mult1-Oimensional ] : ! ! ; Pxx L | X . x X
Scaling ! | H . . | i '
Kalman Filtering | | l i P
; } i
Econometrics N X | P | x
. ! v ! 1
. ! J P ;
imoact/ System Oynamics L | X X x s X LR S ; X X, X i L
Effect ! - -
Pradiction | Myltivariate 1 i | ; :
Analysis | | X X CLx X X [ !
r i ; | \ |
‘1 Physical Model i : , tX X X | ;
i i '
' i
+ Nonpnysical i . : {
| Model I X i Lo ‘ ‘
I 1
; Multi-attribute p i s . H
i Utility Function * " x * X ’ X * ! ! X
t ' .
tvaluatien | : . i
; X X 1 ; I
Assessment | Check List X ; X X X X , ! )
} Ad-noc Method € Leox x o x x x o L
1 ! ,
+
| Matnematical , i |
bmqummq O X ‘ ‘\
Jotimiza- | | ] :
tion ! Lowry Type Model “ X X LS X X !
Allocanon] ! 1
| . . H
| similation [ S T T T S | ; !
1 " ' .
I ;
. iocral lnmcamr’ 1 . X X \ ‘
Conflict | . :
Resalution | ; - T ;
| Ad-hac Netnoa Y t : e
(Sourza: <hat fs the XINKI {RDP, IBM Japan, i977)

Figure 15.

Source: [11].

Problem area and methodologies.



133

_DEGREE CF INTENSITY

-y

Day-ume Poouiaton

TRANSPORTATION
COMMUNICATION

Productive
Papulauen

DEVELOPMENT PLAN/
TECHNOULCCTICAL iNNOVATION
Planned Kansai Airport
Tecnrciogical
innovation of Snergy

INFLUENCING

. . A ~
v Anu-Aeiulion g _./:,[‘a.‘er ,A‘fmefef.em ""‘
“acrnotogy —i 2IWA & YCOC Aiver Sarn

‘nformation ‘

Emarnay

© Awr Traffic

DEGREE OF 1111 iNFLUENCE

Pr ENVIRONMENT

O wroesaie i:
‘Nater
Resources Finance industry

increase of
Pailution

A ‘Welfare

Living Environment AO

Agricultur

INFLULNCED

Manufacturing ingustry

®)

NOUSTRIAL DEVELOPMENT Retail 175

Figure 16. Relationships among regional problems.

Source: (11}.



134

(1). The IRDP model must be based on the regional economic
framework, as we have empirically experienced, even if the im-
pact of a project such as a new airport construction is to be
assessed.

(ii). There seems to exist some kind of hierarchy among
the regions. From this we suggest a network of interregional
models as shown in Figure 17,

Generation of Views on Future Regtonal Sttuations

Before we get into the interregiocnal model, a national level
model and/or a whole region model is developed following the in-
terpretation of the interregional structure during the structure
identification process.

The whole-regional (country level) model {19, 20] and the
subregional model [15] (prefecture level) are built based on the
multiobjective linear-programming method as a research extension
of the method applied to regional land-~use planning [21].

A normative view of the country-level situation is now
easily seen from the IBM 3270 terminal (22]. The model has under-
gone a restructuring based on the Kinki IRDPM (23] to give full
interactive facility for good parameter setting.

Vew Concepts of Regtonal FPlanning and Management

Full interactive capability is put into the country level
normative-planning model as an extension model of Kinki IRDPM
[(23]. The research objective is to give the planner a new di-
mension s© that he can use the terminal to see the result of
normative-planning simulation and change the parameter dynamic-
ally, as is done in the real policy-making environment.

The concept is an extension of the linear-programming ver-
sion of surrogate worth trade-off being developed as a whole
region model and a subregiocnal model. Some soft constraints can
be changed upon planner's reguest [19, 24, 25].

To resolve conflicts such as between the treatment cost and
the degree of pellution, we usually try to find a solution that
minimizes both. But we seldom have the full information required
for the utility function that determines the preference attitude
of the decision. For this kind of problem, ICOM (Interactive
Coordinatewise Optimization Method) has been developed to seek
for a regional conflict solution along the Yode river basin (26,
271.

Another approach to the multiobjective problem is to obtain
a multiattribute utility function starting from a preference
hierarchy. This is also being applied to the Yodo river (28].
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Functional Design and Fzasibility Test of Systems Methodologies

A new type of multiobjective optimization called ICOM is
put into the IBM CALL/370 systems to encourage full interactive
capability.

An experimental regional data base is built on IBM CALL/370
to handle seven prefectures in Kinki. Data are taken from vari-
ous statistical books.

Communicattion between Central and Local Administrative Authorities

One of the most vital aspects of the socioeconomic system
and the regional development program is the communication between
researchers and decision-makers: central and local administra-
tive authorities.

A positive effect could also be expected if a proper feed-
back 1s ensured for the two groups. To do this we have had work-
shops and/or invited lectures as tabulated in Figure 18.

7. CONCLUDING REMARKS

Figure 19 through to Figure 21 represent a conceptual pic-
ture of the Kinki IRDP research directions to drive individual
researchers.

In the last half of the Kinki IRDP, the research activities
are matrixed in four research groups by the research laboratory
of each individual scholar. These four groups are:

new Kansai airport assessment

social indicaticn and population dynamics
resources (water and energy system)
comprehensive plan.

We expect the Rinki IRDP research activities to be
beneficial to academic societies and that research results should
be fed back to the societies for the benefit of both regional
inhabitants and societies.

ACKNOWLEDGMENT

The authors wish to express their gratitude to Professor
Nishikawa, who is acting as a project leader of the partnership
in the Kinki IRDP, for his extensive effort in the cooperative
research; also to Professor Sawaragi, Chairman of the Kinki IRDP
and head of the research group on multiobjective systems, Japan
Association of Automatic Control Engineers for his coordination
of interdisciplinary research activities.

The authors wauld like to express their gratitude to all
members of the Kinki IRDP project and the staff of Academic and
Scientific Programs and Tokyo Scientific Center for their en-
thusiastic efforts to make the project happen.



137

Mational Land Agency

- Planning procedure of urban development
- Short-range plan of Kinki urban development
- [tems to be evaluated for a long-range plan

Hyogo Prefectural Government

- Experiencas obtained through the use of PIAS/CARPS

NMational Statistics Bereau, Prime Minister's Office

- Statistics of social indicators, Japanese versign 27
SSDS, United Nations

Osaka Praefactural Government

- Rol1l of local government in [ROP

Tsukuba Univefsj}y

- Assessment methodologies of large scale development in
regional planning

- Social indicators anz i%s zpplication

Figure 18. Communications with central/local authorities.
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IDENTIFYING A REGIONAL PROBLEM STRUCTURE BY DEMATEL:
A TRIAL

H. Miyazaki and Y. Eguchi
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Department of Electrical Engineering, Xyoto University,
Kyoto, Japan

T. Matsuzaki and T. Ainail
Tokyo Scientijic Center, IBM Japan, Tokyo, Japan

ABSTRACT

The method of DEMATEL (Decision Making Trial and Evalua-
tion Laboratory) was applied to identifying an integrated re-
gional development problem structure, with Hyogo prefecture in
Kinki, Japan, as the sample region. The prefecture is divided
into six subregions according to their characters, and the aim
of the trial was to identify the structure of the intraprefec-
tural problématique, as well as that existing in connection with
six regions outside the Hyogo prefecture.

1. INTRODUCTION

This report is concerned with the procedure and the results
of an experimental trial of application of the DEMATEL technique
[1], for the identification of integrated regional problem struc-
ture in Hyogo prefecture, Kinki, Japan.

The experiment was initiated to explore new dimensions of
methodologies in the course of our Kinki IRDP (Integrated Re-
gional Development Program) and was motivated as follows,

— The problem interdependency and complexity existing in
the Kinki region are shown in Table 1.

— Most of the basic problems lie beyond administrative
boundaries (prefectural boundaries) and are interdepen-
dent with each other, in various patterns.

— The nature of every problem implies the need for inter-
disciplinary investigation.
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The purpose of the present work is:

— to investigate the applicability and effectiveness, and,
at the same time, drawbacks of the DEMATEL technigque in
the IRDP study

— to use DEMATEL as a tool for promoting IRDP study from
an administrative or project management aspect.

The first question, the effectiveness of the method, is to
be investigated from various viewpoints such as:

~— whether it is useful for quick and easy generation of in-
sight into the region

— whether it is effective for visual grasp of structure of
the regional problématique

— whether it is feasible for simplification and breakdown
of the regional problématigque for further IRDP studies
such as the building of a gquantitative model

— whether it is acceptable for the people outside the sys-
tems approach group, such as the people in local govern-
ment.

The second question on usefulness as a project management
tool is raised in connection with the following considerations:

— it is important to get some common view of the present
problématique and a decision on the future goal by the
associated researchers

— it is then necessary to obtain a consensus on how to pro-
ceed with the project, referring to the hierarchical pic-
ture obtained above.

The study has been conducted by a group consisting of four
systems analysts and some staff of the Planning Department of
Hyogo prefecture. Hyogo prefecture has been chosen as the sample
region because, first, the staff have been much interest and are
experienced in systems approaches to regional problems, and
second, Hyogo prefecture is a kind of epitome of the Kinki region
or even of the whole of Japan in societal characters, e.g., Hyogo
prefecture has very dense and industrialized parts as well as very
sparse and less-developed parts in the prefecture.

2. A PROFILE OF HYOGO PREFECTURE

Hyogo prefecture is located just west of the geographical
center of the mainland (called "Honshu") Japan and belongs to the
Kinki region. From the north and south it is bounded by coast-
lines of the Japan Sea and the Seto Inland Sea, respectively.

The east extends to and is bounded by the Osaka and Kyoto prefec-
tures, and the west by the Chugoku region (see Figure 1).

Some statistical details are listed in Table 2. Hyogo is
the 12th in area in Japan (the 1st in the Kinki region), the 6th
in population (the 2nd in Kinki) and in the field of industrial

"activities it is the top or the second in iron and steel, trans-
port equipment and in food products. The growing problématigue
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Table 2. Profile of Hyogo prefecture.
AREA (10 January 1976) 8,365.16 km?
AREA OF CITIES 2,580.30 km®
POPULATION (8 January 1976) 5,024,862
POPULATION OF CITIES 4,222,698
FARMHOUSE HOLDS (2 January 1975) 167,892
CATCHES OF FISHERIES 121,492 ¢
TRADE
Number of Stores 111,968
Persons Employed 448,440
Annual Sales 789.31 x 10°
MANUFACTURING
Number of Establishments 30,636
Persons Employed 570,972
Value of Shipments ¥ 750,031 x 109

Source [5].

has rapidly appeared because of rapid urbanization along the
south coastline due to pulling population out of the rural dis-
tricts as shown in Figures 2 and 3. The urbanization and indus-
trialization to the extent of its physical and/or environmental
limits calls for an advanced IRDP approach to cope with compre-
hensive programs associated with the physical environmental
problématique in order to give regional inhabitants a brighter
future.

On the other hand, Hyogo prefecture has had an intensive
attitude towards a systems approach ("Kyogo Dynamics"{3]) Zfor
long-range comprehensive planning and "PIAS/CARPS"({4] for a re-
gional development planning system as a means for social coordi-
nation. However, the prefecture is still looking for a new
practical methodology and/or approach that can be applied at the
prefecture-level planning.
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3. SELECTION OF APPLICATION AND PURPOSE OF STUDY

The Hyogo prefecture staff, having practical experience in
regional planning, expect DEMATEL to be employed as a methodol-
ogy for practial planning if it is proven to work successfully.
But why this kind of expectation has been raised should first be
explained.

Since the experience of the so-called o0il shock in 1873,
many plans have had to be reviewed and be modified in the Hyogo
prefecture, as in many other prefectures and in Japanese central
government, over the entire planning horizon. And the capacity
of the natural environment, subjected to increasing pollution
emitted by industrial activity and urban life, together with the
shortage of natural resources, especially that of energy re-
sources, has become a dominant factor that is considered to con-
strain economic growth as described by the GNP.

Therefore, various symptoms such as environmental pollution,
destruction of the natural ecological system and natural beauty,
lack of livelihood and capital stock, and unbalanced allocation
of population and economic activities, attract the attention of
planning staff as well as regional inhabitants. Further, a dis-
turbing picture is also forecasted by the results of simulation
runs with Hyogo Dynamics. These phenomena inevitably cause peo-
ple to reconsider the mechanism of the planning process itself.

Specifically in Hyogo prefecture, the following seems to
happen (6] and it is considered that it cannot be resolved in-
dependently:

continuing increase of various pollutants resulting in
complete destruction of living environment

water shortage in the urban areas

decrease of food supply capability

severe traffic congestion

uneven and excessive concentration of urbanization
shift to aged society.

A planning alternative obtained through careful investiga-
tion of the problem is an attempt at the decentralization of
urbanization and/or industrialization as follows

(i) . Each block, that is each region in Hyogo prefecture
should be developed in such a manner that a preferable and con-
sistent balance among land-use policy, regional environmental
plans, water and energy usage, etc., can be kept.

(i1). Utility obtained in each block should be well bal-
anced with others throughout the prefecture.

The strategy search of this kind, as a‘step towards an in-
tegrated regional development plan, would be likely to call for
two different approaches simultaneously, that is:

(i1). A top down planning procedure that decides, qualita-
tively and quantitatively, the roles of individual blocks in
meeting the overall prefectural goal.
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(ii). A bottom up planning procedure that starts with re-
gional inhabitant's or local-community-level goals and then co-
ordinates them toward the prefectural goal. ‘

But the real headache of the decision-maker and the planning
staff is how to identify the relationships across the blocks and
also across the various sorts of attributes such as industrial-
ization, urbanization, pollution, etc., without full support oi
real data and well established theories. It 1s because the col-
lection of data and establishment of theories are very time-
consuming, while in most practical situations there is not time
enough to work on them before the plans are developed. This ex-
plains why graph-matrix techniques like DEMATEL are needed and
where expectations for those techniques have come from.

Summarizing the above discussion, the principal aims of ap-
plication of DEMATEL (or other similar techniques) are:

- a clear structural identification of comprehensive
inter-/intraregional problématigque

— a step toward a guantitative modeling such as an econo-
metric model or a system dynamics model

— room for nonprofessional people to participate in the
guantitation of gqualitative description

— goal structure setting with appraisal criteria.

4. PROCESS OF DEMATEL APPLICATION
4.1. Creation of Matrix Elements

In order to see the internal structure of Hyogo gprefecture,
the prefecture is divided into six subregions, that is, Hanshin,
Harima Rinkai, Harima Nairiku, Tajima, Tanba, and Awaji accord-
ing to their regional character. Their geometrical configura-
tions are indicated in Figure 1. The aim is to clarify their
relative socioceconomic positions on the scale of the entire pre-~
fecture, and on that of the whole of Japan as well. Outside
Hyogo, six regions of relative importance are considered. They
are Osaka prefecture, Kyoto prefecture, Nagoya district, Tokyo
district, Western Japan (i.e., Chugoku and Kyushu), and Shikoku
Island.

In each region or subregion, the following nine attributes
are picked out for consideration: population, industrialization,
trade (domestic), agriculture, urbanization, capacity of water
supply and/or demand, ability of electric power for supply and
demand, demand for transportation, and environmental polliution.
These attributes are considered to be useful for better charac-
terization of individual regions.

We should have added other attributes closely related to a
specific project or a particular interest such as water manage-
ment of Lake Biwa and its river basin, the planned new Kansai
airport, etc., but we disregard them because of the treatable
size of matrix and the desire to avoid confusion in the inter-
pretation of the results by diversity of attributes.
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4.2. Generation of the Direct Matrix

Our approach is not exactly the same as the original DEMATEL
developed by the BATTELLE group [1] or others (7]. The reason
behind this is simple. We have not had time enough to prepare
a well-organized questionnaire. Instead, we listed all regions
and attributes on the same spot and filled in each matrix entry
the discussing the degree of dependencies of each attribute on
others.

By proaeeding in this way, a value score given in each matrix
comes to a representation of averaged results from participants,
that is, it could be almost equivalent to the statistical mean of
individual evaluations. On the other hand, however, it is time
consuming and, moreover, the participants are not able to cope
with the completion of all entries.

The value score of the entries was planned to range from -3
to +3. The negative score has rarely been used although partici-
pants thought it would be helpful to distinguish relations as
follows: an increase (positive score) in environmental pollution
will reduce (negative score) the population of subject region
although industrial activities will attract (positive score) the
people into the region which in turn will worsen (positive score)
the environmental pollution.

After some trials of the filling out procedure, we have come
to an agreement not to use the negative score. 1Instead, by making
clear the positive or negative meaning of each attribute itself
explicitly, we have been able to avoid confusion of sign at every
step of filling out and/or interpreting the matrix entries. How-
ever, we have to put slight restrictions on the interpretation
of the entire matrix since the sign varies according to the time
concerned. Hence we have set a time axis; whether the matrix
shows the past of the inter-/intraregion, or a future expectation
or expected trends, etc., and the present picture i1s shown in the
trial.

4.3. Computation

The completed matrix of 54 x 54 (Table 3) for inside Hyogo
and 108 x 108 for inside and outside Hyogo have been computed by
the DEMATEL program developed by A. Udo from the RJE service of
IBM Japan.

5. INTERPRETATION OF RESULTS

In this section, we summarize some interpretations of the
results of our DEMATEL study. The DEMATEL study itself is just
the first trial on this problématique, hence the results and in-
terpretations are not to be considered as the final ones.
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Table 3. Hyogo intraprefecture DEMATEL direct matrix.

HANSHIN HARIMA HARIMA TAJIMA TANBA AWAJ I !
RINKAL NAIRIXU |
123456789 123456739 123456789 123855789 123458789 123458779
1| 023133333 200022220 100022010 1000C0010 100000010 106240C13
2 202223333 220100722 1210110000 512202070 200000000 £00CG2C022
3 220122232 210000120 C2CO01010 000000000 J2GCO0O0O0OCO J0Ql10G3cn20
[ 000020001 00000000C 000000000 900COO0CO0 0COOCO000 J0000CQ20
HANSHIN § 303302223 100121221 200112000 000000000 0000GCO00 00000000C
6 000000000 000120C02 Q000102C00 200000030 500002000 000CCIICC
7 000000000 000C00312 CO0OC0O0000 900000000 V0O0000CO0 0000000C0
8 100000103 111010122 000000011 000Q0000Q0QC 100000000 200000010
9 221312120 220221002 220020001 010000000 Q20000000 000000002
1 100000000 023123333 212012011 000000010 100200010
2 120000021 202223333 120002022 010000000 000000022
3 000000010 220122232 000000010 000000000 001000¢C20
HARIMA 4 000000000 000020001 0011C0000 0C00C0000 000000000
RINKAI 5 000000010 3033022235 00000000C 200000000 0 000000000
6 000000000 3000000000 000003000 000000000 000000000
7 000000200 000000000 010C1J001 00000CL00 000000000
] 000000010 100000103 Q00000021 Q00000000 000000010
9 000000001 221312120 100000001 Q00000000 000000002
1 102000010 9010191IC 221100000 i
2 011000011 010000100 —0lQll221 '
3] 000000000 J000CCOC0 £GQQQJ01D !
4! 000000CCO 200C00000 CO0DCCO00 ‘
3 J00C00C30 38000QC500 Joccoorl o} Q 0]
) 000000000 11QC01CT0C d00GCCOOQC
7 000000000 000000100 J000C0Q00C
8 000000029 200000010 200000001
9 000000001 000000001 000000000
1 100000000 100000000 001100000
2 000000000 010000000 000000112
3 000000000 000000000 000000000
4 000000000 00O00000OC 200C00000
TAJIMA § 000000000 000000000 0 200000111 0 Q
) 000000000 000000000 000000000
7 000000000 000000000 000000000
8 000000020 000000010 000000001
9 000000000 300000000 000000000
1 100000000 100000000 000110000
2 000000000 000000000 000000111
3 000000000 200000C00 000000000
4 0000C0Q0C0O Q000000000 000000000
TANBA 5 0000000C0 C00000000 Q 0 000000111 o}
5 000000000 200000000 000000000
7 000000000 0000C0000 000000000 !
3 00000C300 2J00Q0Q0C0C 000000001 |
9 0000000C0 Q000000¢CO 000000000
I
1 100000000 100000000 001000000
2 000000019 000000010 0000111
3 000000000 CO0Q00000 000000000
4 000000010 000000000 000001011 !
AWAJT 5 000000000 Q00000000 0 0 0 000001001
6 000000000 200000000 000000000
7 000000000 000200000 0000006C2S
] 000000010 200000012 000000001
3 000000000 200000000 000000000
1. Population 2. Zndustriailzation 3. Tracde(dcmestic)
4, Agriculture 5. Urbanizacion 5. Capacity of Water Supply and/
rd

or Demand Abllity of Slectric Power 3upply and Jemand

8. Demand for Transportation 3. Zavironmental Pollution
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5.1. Hyogo intraprefecture problématique (see Figure 4)

{i). In all subregions, the industrial activity is the
leading element, that is, the element that has a dominant influ-
ence over the other elements and is strongly interconnected with
the other elements. In other words, the so-called industry-
oriented development pattern 1is common to all the subregions.
That is to say, the industrial activity attracts the population
into the region, which in turn causes the urbanization and in-
crease in the trade accompanied by increase in the water and
electric power demands. It also stimulates the demand for trans-
portation and demolishes the agricultural activity, and further
leads to the deterioration of the environment. This is the
typical process of regional change conceived by the people.

(1i). The six subregions can be divided into two groups:
the industrialized and urbanized groups of Hanshin and Harima
Rinkai, and therural and less economically developed group of
Tajima, Tanba, Hanshin Nairiku, and Awaji. Interactions or in-
terdependencies between these two groups seem not to be strong,
and the scores given to the latter group are generally low.
This could mean that, in our minds, societal problématiques in
highly developed areas are still much more strongly conceived
relative to those in less-~developed areas, even though nowadays
we stress the importance of developing rural areas in connection
with urbanized areas.

(iii). In the urbanized areas of Hanshin and Harima Rinkai,
the environmental pollution loads are becoming a limiting con-
straint for additional extension of the industrial activity.
However, among the rural areas such as Tajima, Tanba, and Harima
Nairiku it seems that space is still available for further in-
dustrial development.

(iv) . The elements of agricultural activity, water resources,
and electric power resources are relatively isolated. The agri-
cultural activity seems, by its very nature in Hyogo, rather
independent of the other activities. Isolation of the water and
power resources could be interpreted as suggesting a well-balanced
utilization of those resources at present, and possibly in the
near future, in Hyogo as a whole.

5.2. Interrelations Between Hyogo and Cutside Regions (see Fig-
ure 53)

(1) . According to our results, only the well developed sub-
regions, that is, Hanshin and Harima Rinkai would be though of
when discussing the interrelations with outside regions. The re-
sults suggest the adoption of a hierarchical structure as depicted
in Figure 6 for further development of IRDP.

(ii). Hyoge is interconnected most strongly to Osaka, and
then Tokyo, Kyoto, Nagoya, and so on. This 1s quite suggestive
for defining some kind of gravity distances based on the geo-
metrical distance, social size of the regions, volume of the in-
terregional flow and so forth.
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6. REMARKS ON THE DEMATEL APPROACH TO IRDP

The concluding remarks at this stage of our DEMATEL approach
to the regional problématique are as follows.

(). A hierarchical classification of regions based on in-
dustrial capacity or economic power would be helpful to give a
basis for IRDP research, even if the principal gcal of the re-
search 1s to seek for a way of attaining regional amenities. It
will give a sound insight for considering the structure of a re-
gional model of any kind.

(ii). In future planning of the region, not only the over-
all efficiency of the region but also subregional features and
goals should be taken into account. In other words, decentralized
functions for planning and decision-making should be more stres-
sed. Although we have not completely succeeded in our present
experiment to abstract notable local features at subregion level,
a DEMATEL or similar approach will be fruitful from the viewpoint
of local government or local inhabitants for attaining the aim
mentioned above. In our future study by DEMATEL, some attributes
directly related to social welfare and quality of life will be
considered more explicitly.

(1ii). The DEMATEL approach is rather simple to work with
1n comparison with approaches based on accumulated real data.
Although it has drawbacks in the sense of lack of complete objec-
tiveness, it allows direct participation of various kinds of
people in its working process. Throuch the DEMATEL process, we
are able to reach an averaged picture of how to treat the prob-
lems of mutual concern, e.g., comprehensive planning problem,
environmental assessment problem, or resources allocation prob-
lem.

(iv). For public participation in a DEMATEL process, it
might be helpful to prepare some kind of prescored matrix. Then
the work will proceed iteratively by modifying the matrix accord-
ing to people's view. Further an analysis of the sensitivity of
the result to the scores will be meaningful, to help with the
final decision on the scores.

(v). Dealing with a large matrix is troublesome both for
human beings (participants) and computers. Hence some technique,
such as decomposition and coordination, is needed.

We have experimented with some other DEMATEL approaches to
the problématiques in the whole Kinki region, Osaka prefecture,
and Kyoto City. In each experiment the matrix elements have
been selected from slightly different viewpoints, e.g., in the
Osaka case the elements are cited as the key words in the docu-
ments for comprehensive prefectural planning, and in the Kyoto
case they are the points of significant difficulty in urban
management. The results and their comparisons will be reported
in a separate paper.
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THE KINKI MODEL DIRECTED TO ULTRA-LONG-TERM INTEGRATED
REGIONAL DEVELOPMENT PLANNING
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Tokyo, Japan

1. INTRODUCTION

The project aims at building a model that can seek the
ultra-long-term comprehensive development plan for the Kinki
area. The model is expected to be utilized as a tool for re-
gional socioceconomic policy planning. The fundamental aim of
the regional development is to bring about better living con-
ditions for the people. More abstractly, it 1s to improve
people's well-being.

1.7. Spatial Allocation of Industries and Population

It was believed until recently that better living condi-
tions can be attained through an increase of income or consump-
tion level. Therefore, the traditional regional developments
were directed towards regional economic develcopment, and the
models constructed to devise development plans were almost al-
ways regional economic models. It is recognized now that econ-
omic growth does not always bring about better living conditions,
and that concurrently brings about unwanted results such as con-
gestion, depopulation, and environmental pollution. The conges-
tion and the pollution result from excessive concentration of
industries and population in specified areas, and the depopula-
tion results from the reaction to this. Equitable and balanced
utilization of the national land could eradicate these problems.
In this sense, future regional development plans should have
some spatial viewpolint on how to allccate the industries and the
population to national land areas considering the scarcity of
land and water and the limitation of environmental assimilating

160
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capacity. The project directly deals with the allocation prob-
lem for industries and population in prefectures composing the
Kinki area.

1.2. Comprehensive Development of Social Capital

The regional allocation of industries and population should
be accompanied by the development of necessary social capital.
Generally speaking, it takes several years to develop the social
capital. It is not rare to exceed ten years including the in-
itial stages of planning. The traditional econometric method
for regional planning models essentially makes an extrapolation
of historical trends; their time span is usually taken around
five to ten years. This project aims to attack the ultra-long-
term comprehensive regional development, where the systematic de-
velopment of necessary social capital is one of the central
issues. This issue is outside the realm that is tractable by
traditional methods. The model developed in this project not
only intended to describe the historical socioeconomic trends
faithfully, and then to extrapolate them; it is also constructed
to be utilized as a tool, to help forward thinking on the long-
term regional development problems with wide and flexible ideas.
The regional development programs are raised from normative
standpoints where desirable regional developments are sought in
response to the expected future changes of various factors that
are closely related to the development.

1.3. Programming Model

The model is as a whole a programming model which seeks an
optimum allocation of industries and population, although several
economic descriptions such as the production functions and input-
output tables are built in. The labor force, possible raw
material import, usable land, maximum water supply and so forth
are considered explicitly as the exogenous variables related to
the regional development. Correlating with the fundamental aim
of improving people's living conditions, several social indica-
tors such as the income level and the satisfaction levels of
various social capitals are calculated endogenously.

1.4, Relation to National Development

In the regional planning models constructed so far the var-
iables related to the outside of the specified region such as
development plans for other regions, interregional migrations,
and trades are usually given exogenously. Essentially the de-
velopment of the specific region should be planned considering
the correlation with other regions. The reasons why they cannot
be treated independently come from the limits of man power, us-
able computer memory capacity, and computational time. In this
project the development of the Kinki area is investigated with
correlation to other regions dividing the Kinki area by prefec-
tures and the outside of the Kinki by proper blocks. The limits
of computer memory capacity and computational time are overcome
by constructing the model hierarchically.
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1.5. Support to Policy Planning

In this report some results of analysis by using the model
are shown. However, as becomes clear through the precise des-
cription, the model contains a number of parameters that can be
altered by model users according to their will. Hereafter we
call these parameters "scenario parameters." The model struc-
ture is also very flexible. The user's image of the regiocnal
development can be described more clearly and easily through
this model. Taking advantage of the majority of these charac-
teristics, the model will become a powerful tool which supports
the policy planning. The policy mentioned here has more abstract
meaning than the usual one; a typical example is the comprehen-
sive development of social capital. The policy of strategic
levels such as the construction plan of a certain highway and
its annual investment plan are not the objects of this model.
For the analysis of this kind of policy, the traditional econ-
ometric approach will be much more efficient.

2. MODEL STRUCTURE AND PREMISES

2.1. Objectives of the Model

An abstract goal of improving people's standard of living
can be translated into some more concrete objectives.

Improvement of —— Promotion of —— Development of

income level industry industrial
infrastructure
Improvement of Development of
educational, ——= related
medical, and facilities

cultural level

Improvement of Proper Development of
living allocation of living
environment and industries and infrastructure
preservation of population

natural

environment

Equalization ——=—3p Adjustment of
interregional
differentials

The arrows express logical chains between the objectives and the
means to attain them. The terms in the middle will be called
the indirect means to attain the objectives and the right-hand
terms will be called the direct means; if we use more concrete
terms, they are the investments for development. The causal
chains are opposite to the above. For example, the development
of industrial infrastructure stimulates the promotion of indus-
tries and this contributes to the improvement of income level.
This model mainly deals with the problems related to indirect
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means. The direct means for controlling the indirect ones and
various influencing factors are treated as parameters in the
model. Various social indicators closely related to objectives
are also calculated from the model.

The user of the model can give the appropriate values of
parameters in a certain development scenario and make a simula-
tion run. Through this process he can analyze nhow much the de-
velopment scenario contributes to the attainment of the objec-
tives. The factors that are not expressed explicitly can also
be included into the model implicitly in the form of a scenario.
Executing these kinds of scenario analyses repeatedly will show
which parameter is the most influential for the model behavior
or which scenario is the most desirable for the development.

2.2. Fundamental Structure

Our model has the following characteristics.

Planning period About 30 years
Age structure of Five age groups
population

Labor force Five age groups

participation rate

Industrial division Agriculture, forestry and fisheries,
chemical, basic metal, light manu-
facturing, metal and machinery,
energy, transportation and communi-
cation, commerce, finance service
and public service, construction,
energy raw materials, structural raw
materials

Social capital

Economic overhead Agriculture, forestry and fisheries,
capital transportation and communication,
land conservation

Social overhead Dwelling, sewerage, water supply and

capital environmental sanitation, parks and
social sports facilities, social wel-
fare facilities, education, medical
care

Structure of Food, beverages and tobacco, clothes

private consumption and personal effects, fuel and light,
rent and charge for water supply,
furniture and other household equip-
ment, household operation and main-
tenance, medical care and health ex-
penses, transportation and communi-
cation, recreation and entertainment,
education and miscellaneous services
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Regional division

Kinki area Osaka, Hyogo, Kyoto, Nara, Wakayama,
Shiga, Fukui

Outside of the Higashi Nippon, Kanto, Chubu,
Kinki area Chugoku, Shikoku, Kyushu
Transportation Indirectly considered
demand between
regions

Physical constraints
Land

Water

Environmental Indirectly considered
assimilation
capacity

Constraint on Import of energy raw material
resources

Substitution between Indirectly considered
capital and labor

Technological Indirectly considered
progress

The social indicators calculated from the model are as
follows [1].

Health

Social condition Hospital beds per capita
for protection of
health

Education

Improvement and Floor space of school buildings per
enhancement of pupil

primary and

secondary edu-

cation
Improvement ;and Floor space of school buildings per
enhancement of student

higher education

Welfare

Enjoyment of Accommodation rate of homes for the
living and health aged and aged welfare centers
of the aged
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Improvement of Accommodation rate of children's wel-
day nurseries and fare facilities

welfare facilities

for physically and

mentally handi-

capped children

Athletics, culture
and social education

Condition for the Sports facilities per capita, cultural
healthy and cul- and education facilities per capita
tural use of

leisure

Living environment

Living condition Space of houses, water supply system,
sewerage systems, rubbish and human
waste disposal

Increase of parks City park area per capita
in cities

Decrease of damage SO_, NO_, BOD
from harmful and X X
disagreeable sub-

stances

Income

Income level Income per capita

2.2.1. dierarchrcal Model

It may easily be seen from the above description that if
all these factors and interrelations are built into the model
it becomes huge. Hence it is gquite difficult to get an overall
perspective of the model behavior. Also it is hard to bring
freely various ideas into the model because of the mental abil-
ity and the cost. In order to overcome these difficulties we
construct a hierarchical model composed of three submodels as
shown in Figure 1.

The upper stratum model is directed to the sociceconomic
development of the whole of Japan. The major concern of the
middle stratum model is the spatial allocation of industries
and population at the target year. The lower stratum model
traces the annual development from the initial year to the tar-
get year. Through this process, the dynamic feasibility of a
specified regional development plan can be tested. The user
does not always need to use all these three submodels. If he
has his own image of the future Japan, he can utilize it di-
rectly as a control total of the middle stratum model. Simi-
larly the lower stratum model can be run independently.
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2.2.2. Premises [or the Model Construction

We assume the following in order to introduce the con-
straints into the model.

(1) . The constraints of the national sociozconomic devel-
opment are the labor force and the raw material supply—that is
approximately equal to import.

(ii). The physical constraints such as land, water, and
environmental capacity are not serious until theregional divi-
sion is made.

2.3. Upper Stratum Model

The structure is explained by using a flowchart shown in
Figure 2. 1In the model the capital and labor are allocated so
that the supply and demand can balance and the production can
be maximized. The characteristics are listed as follows:

Population
Total population in five age groups

Industry

Production by sector (see Table 1)
Employees by sector
Production capacity by sector:
1st, 10th, and 11th sectors: exogenous value
2nd - 7th and 9th sectors: Cobb-Douglas production
function
8th sector: production required to meet demand
Interindustry relations
input-output tables

Consumption and Investment (see Table 2)

Consumption
Private consumption, 10 items
Government consumption
Investment
Enterprise capital investment
Economic overhead capital investment, 3 items
Social overhead capital investment, 7 items
Inventory

Resources

Import of energy raw material

Parameters

Population

Birth rate by five age groups

Death rate by five age groups :

Labor force participation rate by £five age groups
Industry

Parameters of production function

Input coefficient matrix
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Industrial classification

Middle Model
(9 sectors)

Upper and Lower
Model
(11 sectors)

1970 Input-Ogtput Tables
(60 sectors)

1. Agriculture 1. Agriculture 1,2,3,4. Agriculture
Forestry and Forestry and S. Forestry
Fisheries Fisheries 6. Fisheries
2. Heavy and 2. Chemical 24. Pulp, Paper
chemical 28,29,30. Chemicals
31,32. Petroleum and Coal Products
33. Nonmetallic Mineral Products
3. Basic Metal 34,35. Iron and Steel
36. Nonferrous Metal Products
3. Light 4. Light 12,13,14,15,16,17. Food and Beverages
Manufacturing Manufacturing 18,19,20,21. Textile and Clothing
Products
22. Lumber and Wood Products
23. Furniture
25. Printing and Publishing
26. Leather and Leather Products
27. Rubber Products
4l. Precision Machinery
42. Miscellaneous Manufacturing
4. Metal and 5. Metal and 37. Fabricated Metal Products
Machinery Machinery 38. Ordinary Machinery
39. Electrical Machinery
40. Transport Machinery
S. Energy 6. Energy 45,46,47. Electricity, Gas, and Water
6. Transportation Transporta- S1. Transportation
tion and
7. Commerce, communication 52. Communication
iervtziéation 8. Commerce, 48. Commerce
Finance 49. Finance and Insurance
Services and 50,60. Real Estate
Public 53. Services
Services 54. Public Service
55. Others
56. Research Institutes
8. Construction 9. Construction 43. Construction
44. Engineering Work
9. Mining 10. Energy Raw 7. Coal and Lignite
Material 10. Crude Petroleum and Natural Gas
11l. Structural 8,9. Iron Ore and Nonferrous Metal Ore

Raw Material

11l. Other Mining and Quarrying

*Qffice supplies (66), Packing Materials (67), and Activities not adequately
described (57), are allocated in proportion to each sector.
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The structure of gross national expenditure.

Groas
national
expenditure

—{ Iaveatment

Congumpt ion

I

Encerprise
capical

inveatment

Social
overhead
capical
investment

Economic
overhead

| capical
investmant

lnventory
investment

Privace
consumpCion

Government

consumption

F-l.Dvelllngs
2.5ewerage
J.Water supply and
environmental sanitarion
4.Parks and social
sports facilicies
5.Soclal weifare
facilities
6.Education
L 7.Medical care

l.Agriculcure, forestry
and fishertes
2.Transportation
and communication

—3.Land coservatiom

(-l.Fodd.beverage:
and tabacce
2.Clothes and
personal effecta
J.Fuel and light
4.Rent and charge
for vater supply
5.Furniture and
ather household
equipments
S.Household operscion
and maintenance
7.Medical care and
health expensesa
8.Tranaportation and
communication
9.Recrestion and
enterts inment
10.Education and
miscellaneous
services

L
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Consumption, Investment, Export and Import

Private consumption rate

Private consumption pattern (item)

Private consumption conversion matrix (item - goods)

Government consumption rate

Government consumption conversion vector (goods)

Enterprise capital investment rate (goods)

Inventory investment rate

Inventory investment conversion vector

Economic overhead capital investment pattern (item)

Social overhead capital investment pattern (item)

Economic overhead capital investment conversion matrix
(item + goods)

Social overhead capital investment conversion matrix
(item -~ goods)

Composition ratio of export by type

Dynamics

If the composition ratio of gross national expenditure,
the consumption pattern and investment pattern are
given, then the final demands by goods are determined.
The proportions of goods production are now obtained
by using the input-~output coefficient matrix. The
labor force and enterprise investment of 2nd-7th and
9th sectors are allocated so that the demands can be
satisfied and the next year production be maximized.

If the import of energy or structural raw material is
restricted, the supply of energy or structural raw
material sector is depressed. The production of other
sectors 1is also depressed through the input-output
coefficient matrix.

From this model the following indicators are obtained.

(1)
(2)

(3)

~ e~ e~~~
W~ &
— o —

Enterprise capital investment by sector

Economic overhead capital investment (item)

Social overhead capital investment (item)

Cumulative social overhead capital investment during
30 years (item)

Cumulative economic overhead capital investment during
30 years (item)

Private and government consumption

Value added by sector

Employed persons by sector

Inventory by sector

Export and import by sector

Employment rate

All of these can be used as the control totals of the middle
stratum model.
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2.4, Middle Stratum Model

Figure 3 shows the model structure., The industrial produc-
tion, the population, and the social capitals of the target year
that are obtained by using the upper stratum model are allocated
to each region. Allocation is made so that both the interre-
gional transportation and the income difference can be minimized
under the regional constraints.

The characteristics are shown below. The agricultural pro-
duction which occupies the major part of the first sector is
allocated to each region, prior to the allocation of other indus-
tries, because it is expected that a nationwide protective policy
for agriculture will be adopted in order to improve self-
sufficiency. The allocation of the mining production is also
assumed to be unchanged,

Region

Seven prefectures of Kinki
Six blocks outside Xinki (see Table 3)

Industry

Regional product by sector (nine sectors)
Regional employees by sector
Value added ratio by sector

Population
Regional population

Consumption and Investment

Consumption
Private consumption, 10 items
Government consumption
Investment
Enterprise capital investment
Economic overhead capital investment, 3 items
Social overhead capital investment, 7 items
Inventory

Constraints

Water

Land

Environment
SOy, NO, and BOD are taken as the representatives of
oollutants. Permissible emissions by regions are
given to each pollutant referring to the geographical
features

Constraints on the allocation of Population
This is adopted to forbid excessive changes from the
present allocation pattern

Constraints on the allocation of Industries
Three industrial sectors (heavy and chemcial, light
manufacturing, metal and machinery) and energy sector
are constrained. Transportation sector is also con-
strained so that a large gap cannot arise for the
regional demand
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Table 3. Regional division.
Region Prefecture
1. Higashi Hokkaido, Aomori, Iwate, Miyagi, Akita,
Nippon Yamagata, Fukushima, Niigata
2. Kanto Ibaragi, Tochigi, Gunma, Saitama, Chiba, Tokyo,
Kanagawa, Yamanashi, Nagano
3. Chubu Gifu, Aichi, Mie, shizuoka, Toyama, Ishikawa
4. Fukui Fukui
5. Shiga Shiga
6. Kyoto Kyoto
7. Osaka Osaka
8. Hyogo Hyogo
9. Nara Nara
10. Wakayama Wakayama
11. Chugoku Tottori, Shimane, Okayama, Hiroshima,
Yamaguchi
12. Shikoku Tokushima, Kagawa, Ehime, Kouchi
13. Kyushu Fukuoka, Saga, Nagasaki, Kumamoto, Oita,
Miyazaki, Kagoshima

500 m
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Parameters

Those given by the upper stratum model
Value added by sector
Employed persons by sector
Employment rate
Enterprise capital investment by sector
Economic overhead capital investment and cumulative
investment (item)
Social overhead capital investment and cumulative
investment (item)
Private and government consumption
Inventory by sector
Export and import by sector
Industry
Input coefficient matrix
Consumption and Investment
Private consumption conversion matrix
Government consumption conversion matrix
Enterprise capital investment conversion matrix
Economic overhead capital investment conversion matrix
Social overhead capital investment conversion matrix
Constraints
Regional upper bound for the water supply
Regional agricultural water
Water usage per capita
Water usage per unit product (excluding agriculture)
Regional inhabitable land area
Regional agricultural land area
Land usage per capita
Land usage per unit product (excluding agriculture)
Land usage per unit economic overhead capital stock of
transportation .
Permissible emissions of SOx. NOx, and BOD by region
SOx, NOx, and BOD emissions per unit product
BOD emissions per capita
Transportation
Distance between regions
Transportation cost per unit product
Parameters related to the objective function
The weight of transportation demand
The weight of income differential

Determination of Regional Allocation

Production and Population
National products and employed persons by sector of
the target year are given as control parameters. Re-
gional allocations of the 1st and the 9th sectors
are predetermined as mentioned before. Allocations
of the 2nd to 5th sectors are determined so that both
the interregional transportation and income differen-
tial can be minimized under the regional constraints.
The 8th sector (construction) is allocated to satisfy
the regional construction demands. The 6th sector
(transportation) is allocated so that no excessive gap
can arise between demand and supply. The employed
persons of each sector mentioned above are determined
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in proportion to the product of each sector. The em-
ployed persons of the 7th sector (service) are deter-
mined in proportion to the total number of employed
persons in the region excluding services. The service
production is proportion to them. Regional total popu-
lation is the total of employed persons multiplied by
the reciprocal of employment rate.

Social Capital Stock
National capital stocks by item of the target year are
obtained by adding the cumulative investments over the
planning period to the initial stocks and subtracting
the depreciations. The capital stock for agriculture,
forestry, and fisheries is allocated so that the stock
per production is uniform. As for the transportation
capital, it is allocated in proportion to the total
production composed of the 1st to the 4th and the S%th
sectors. The land conservation capital is allocated
in proportion to the regional land area. The social
overhead capital is allocated so that the stock per
capita is uniform.

2.5. Lower Stratum Model

Figure 4 shows the model structure. The targets of the re-
gional development determined by using the middle stratum model
are translated to the annual growth rate to attain them. Those
are introduced into the lower stratum model as guidelines.
Annual investment and increase of population are allocated to
each region so as to attain those growth rates as closely as
possible. By using this model we can check year by year whether

the specified path of the regional sociceconomic development is
reasonable or not.

The characteristics of the model are listed below.

Region

Seven prefectures of Kinki
Six blocks outside Kinki

Industry

Regional product by sector (12 sectors)

Regional employed persons by sector

Productive capacity Cobb-Douglas production function
Interindustry relations

Input-output table

Population
Total population by age group
Regional population
Consumption and Investment

Consumption
Regional private consumption, 10 items
Regional government consumption
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Investment
Regional enterprise capital investment
Regional social overhead capital investment
Regional economic overhead capital investment

Constraint

Land
Wwater

Parameters

Those given by the middle stratum model
Target values of average growth rate of regional pro-
duct by sector
Target values of regional social overhead capital
investment rate
Target values of regional economic overhead capital
investment rate
Target values of average growth rate of regional popu-
lation
Population
Birth rate and death rate by age group
Labor force participation rate by age group
Industry
Parameters of production function by sector
Input coefficient matrix
vValue added ratio by sector
Consumption and Investment
Private consumption pattern (item)
Private consumption conversion matrix (item - goods)
Government consumption conversion vector (goods)
Enterprise capital investment conversion matrix
(investment -+ goods)
Social overhead capital investment conversion vector
(goods)
Economic overhead capital investment conversion vector
(goods)
Export and import pattern (goods)
Standard value of private consumption rate
Standard value of government consumption rate
Constraints
Water usage per unit product by sector
Water usage per capita
Regional upper bound for the water supply
Land usage per capita
Land usage per unit product by sector
Regional inhabitable land
Transportation
Distance between regions
Transportation cost per unit product (goods)
Objective Function
The weight of each objective function

Dynamics

The production of a certain year is determined from the
capital stock and the employed persons by using the Cobb-
Douglas production function. The investment and the
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increase of population are allocated tc each region ac-
cording to its industrial growth rate, social capital
investment rate and population growth rate within the
limits of usable land and water. The private consumption
is determined according to the regional population and
the government—according to the regional production.
Regional capital stocks of the next year are determined
by the above investments considering the depreciation.
Regional employed persons of the next year are determined
as a function of the population, labor force participa-
tion rate, investment, and capital-labor ratio. Regional
final demands are determined by investments and consump-
tions. Total demand is a sum of the final demand and the
intermediate demand, which can be obtained throuch the
input coefficient matrix. Regional export and import
and interregional transportation are determined by comparing
the total demand and the production. It is possible to
feed back the change of transportation demand and to
include it in the objective function of the next year.

3. SCENARIO ANALYSIS
3.1, OQutline

The model user is able to investigate to what extent a cer-
tain scenario of regional development attains the cbjective by
running themodel, where the values of parameters are given in
the scenario. Repeating this procedure, a desirable regional
development scenario may be found. Investment rate, consumption
rate, and various other parameters of the upper stratum model,
upper and lower bound for population and production, agricultural
water and land, upper bound for water supply, land and water
usage per capita or per unit product, and SOy, NOx, and BOD
emission per unit product of the middle stratum model are the
parameters that have important effects on the accomplishment of
the objectives. Birth rate, death rate, labor force participa-
tion rate, production function and so forth will be determined
by referring to the historical trends and the expected future
change. Occasionally those will be determined by the judgment
of the user himself. The interindustrial input coefficient
matrix, value added ratio, and conversion matrix of investment
and consumption are important parameters which reflect the in-
dustrial structure, but it is very difficult to estimate their
future changes.

3J.2. Standard Scenario

We take the initial year of the model run to be the vear
1970 and the planning period to be 30 years. As the standard
scenario, we refer to the scenario of regional development, in
which the model parameters are taken as follows.
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The Upper Stratum Model

Population

Birth Rate and Death Rate
These are obtained by modifying the data in 1970 so
that the total population can be equal to the wvalue
in 2000 (medium value) estimated by the Council on
Population Problems. -
Labor Force Participation Rate
This is obtained by considering the present Japanese
situation and the data of the United States.

Proportion of Gross National Expenditure

This is given in Table U4 showing the past trend of the
proportion of the gross national expenditure of both
Japan and other countries of the world. Social overhead
capital and economic overhead capital are taken to be at
the level achieved in the final year as shown in Table 5.

Private Consumption Pattern

This is given in Table 6 showing the proportion of pri-
vate consumption in both Japan and other countries of
the world.

Composition of Export

The four types are considered as shown in Table 7. Type
1 is the actual figure for 1970. Type 2 is the case
where the ratic of the 5th (metal and machinery) sector
is high. And type 3 is the case where the ratio of the
4th (light manufacturing) sector is high and the ratio
of the 5th sector is the same figure as in type 1. In
both type 1 and type 2, the ratios of the 2nd and 3rd
(basic metal) sectors are taken to be gquite low. Type

4 is based on estimates by the Industrial Structure
Council (ISC).

Productions of the 1st, 10th, and 11th Sectors
The production from 1370 to 2000 are given exogenously
based on estimates by the ISC.
Capital-Qutput Ratios and Labor-OQOutput Ratios of the 1st
8th, 9th, and 11th sectors
The capital-output ratios and the labor-cutput ratios
are based on ISC estimates.
The Middle Stratum Model

Upper and Lower Bounds of Population

We use the value close to the trend value and the value
from the Long-Term Vision of the Industrial Structure
(ISC) for the upper and lower bounds.
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Table 4. The structure of gross national expenditure.

Initial Final year (2000)
year
Item (1970) 1* 2% 3* 4*
Enterprise capital
investment 0.2018 0.110 0.150 0.090 0.110
Economic overhead capital
investment 0.1090 0.160 0.130 0.145 0.160
Social overhead capital
investment 0.0497 0.050 0.050 0.045 0.050
Inventory investment 0.0324 0.020 0.020 0.020 0.020
Private consumption 0.5181 0.560 0.550 0.600 0.560
Government consumption 0.0846 0.100 0.100 0.100 0.100
Economic overhead 1 0.0044 0.0050 0.0050 0.0045 0.0050
capital investment** 2 0.0385 0.0380 0.0380 0.0342 0.0380
3 0.0067 0.0070 0.0070 0.0063 0.0070
Social overhead 1 0.0717 0.0800 0.0650 0.0725 0.0800
capital investment** 2 0.0028 0.0150 0.0122 0.0136 0.0150
3 0.0026 0.0050 0.0040 0.0045 0.0050
4 0.0041 0.0080 0.0065 0.0073 0.0080
5 0.0154 0.0299 0.0243 0.0271 0.0299
6 0.0087 0.0110 0.0090 0.0110 0.0110
7 0.0036 0.01170 0.0090 0.0110 0.0110
*1 = Standard Scenario, 2 = Growth-oriented Scenario,
3 = Consumption-oriented Scenario, 4 = Import restriction Scen-
ario for the Energy Raw Material
**See Table 2.
Table 5. Target of social capital improvement.
Indicators Target Reference
Space of houses 30 me Japan (1970) 18.5 m2
America (1963) 37.9 m2
W. Germany (1968) 29.3 m2
Sewerage systems 60% Japan (1970) 14%
Rubbish and human 1a- ,
waste disposal 90% Japan (1970) 64%
City park area per 9 m? Japan (1970) 2.2 m?
capita Washington (1973) 40.8 m2
Rome (1973) 11.4 m2
Accommodation rate of 3% Japan (1970) 1.0%
homes for aged and Denmark (1963) 3.8%
welfare centers
Hospital beds per 10 1.5 times Japan (1970) 103 beds
thousand persons Sweden (1870) 150 beds
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Private consumption pattern.

Scenario
Item’ 1370 2000
1 0.350 0.250
2 0.082 0.082
3 0.028 0.040
4 0.133 0.160
S 0.062 0.062
6 0.028 0.024
7 0.085 0.100
8 0.049 0.070
9 0.085 0.100
10 0.098 0.108

*See Table 2.

Table 7. Composition ratio of export by type.

Type
Sector* 1 2 3 4
1 0.011 0.00 0.00 0.00
2 0.09 0.06 0.06 0.08
3 0.129 0.01 0.01 0.12
4 0.183 0.13 0.35 0.13
) 0.383 0.60 0.38 0.47
6 0.000 0.00 0.00 0.00
7 0.143 0.14 0.14 0.14
8 0.000 0.00 0.00 0.00
9 0.060 0.06 0.06 0.06
10 0.000 0.00 0.00 0.00
11 0,000 0.00 0.00 0.00

*See Table 1.
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Upper and Lower Bounds of Industry

Heavy and Chemical
The lower bounds are taken to be 1 (the value for the
present situation). The upper bounds Ior Shiga and
Nara are taken to be only 2.4 times as much as the
present situation (3 percent technological progress 1is
considered) because these two prefectures are inland.
For other regions these are between 5 and 20 times.

Light Manufacturing, Metal and Machinery
The lower bounds are taken to be 1 and 3 times as much
as the present situation, respectively.

Energy
The same as heavy and chemical sector.

Transportaticn
The upper and lower bounds are taken to be ¢ 20 percent
of the value added for trangportation from 1970 inter-
regiocnal input-output tables.

Land and Water

For agricultural land, we use the value in 1985, estimated
by the National Land Agency, as the data of each prefec-
ture in proportion to the value in the year 1972. It is
assumed that Osaka maintains its present situation.

For agricultural water, we use the value in 1985, estimated
by the Ministry of Construction. Therefore, land and
water usage per unit product of the first sector is ob-
tained by dividing total agricultural land and water by
the value added taken f£from the upper stratum model.

Industrial land and water usage per unit product i1s taken
to be 1/24 of the present value, assuming 3 percent tech-
nological progress. By this assumption, it 1S considered
that about 2.4 times the product can be obtained by using
the same amount of water and land.

Wwater usage per capita is taken to be 0.12 (100 million
tons/thousand persons/year) and land usage per capita to
be 0.08 (kml/thousand perscns).

Land usage per unit social capital stock Zor transporta-
tion is taken to be 0.352 (km2/ten billion ven) by refer-
ring to the data of Osaka and the whole of Japan in 1970.

The upper bound of the regional water supply is taken to
be .60 percent of the total amount of run-off from forests
and fields. However, for QOsaka the upper bound of the
water supply L1s taken to pe 30 percent Of the annual flow
of the Yodo River.

The upper bound for the regional usable land i1s taken to
be the regional inhabitable land. 3ut Osaka is now over-
crowded, and the efficiency of land usage is twice as much
as the average of the whole of Japan. Therefore, it is
assumed that Osaka remains In this circumstance in the
future.

Land and water usage per unit product and per capita are
shown 1n Table 3.
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Table 3. Land and water usage per product or per capita in
the final year (middle stratum model).

(a) Product

Land Water
Sector* (km2/%¥10 billion/year) (106 t/10 billion/year)
]
2 0.335 5.899
3 0.260 2.231
4 0.167 0.539
5 0.127 0.191
6 0.000 2.035
7 0.024 0.212
8 0.000 0.120
9 0.066 0.066
*See Table 1.
(b) Living
Land 0.08 (km2/1000 persons)
Water 0.12 (million t/1000 persons/year)

(¢) Land usage per unit economic overhead capital stock of
transportation

0.352 (km?/10 billion)

Environment

It is assumed that the SOy, NOy, and BOD emissions per
unit product will be 1/2.4 of the present value after

the future technological progress and a further 1/10 fol-
lowing pollution abatement investment. Overall the fig-
ure is assumed to be 1/24. Coal usage is assumed to be
half of the present value in the heavy and chemical sec-
tor and to be zero in other sectors. BOD emissions per
capita are assumed to be decreased to 1/20 of the present
value by the spread of sewerage service (consider third-
order treatment). Each emission per capita and per unit
product is shown in Table 9.

Weight of Evaluation

We consider the self-sufficiency. The weight for trans-
portation in the region is taken to be zero. The weights
for the interregional transportation and the interregional
income differential are taken to be equal, where we con-
sider that protective policies will be made for agricul-
ture in future, and so the first sector is excluded from
the evaluation on the interregional income differential.
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Table 9. Pollutant emissions per unit product or per capita
(middle stratum model)

(a) Industry

SO NOx 3OD
Sector (£/¥10 billion) (t/#10 billion) (t/%¥10 billion)
1 —— .
2 97.07 26.89 61.42
3 17.94 5.08 78.33
4 7.06 2.00 0.27
5 332.00 94.12 0.00
6 19.05 5.40 0.00
7 5.25 ' 1.487 0.00
8 2.22 0.629 0.00
9 10.62 3.01 0.00
(b) Living

BOD emissions per 1000 persons 0.60 (t/1000 persons/year)

3.3. Other Scenarios

Three different scenarios are considered as shown in Tables
& and 7.

— Growth-oriented scenario

— Consumption-oriented scenario

— Import restriction scenario for the energy raw material
sector. The energy raw material i1s assumed to have an
upper bound which is about twice as much as the present
value, considering the global energy situation.

3.4. Example of the Output of the Hierarchical Model

As the volume of model output is quite huge, only some of
it is shown here. In Table 10 various variables in the final
year of the upper stratum model are summarized. In the case of
the standard scenario, the GNP reaches almost 4,000 trillion
vyen in the year 2000. However, in the import restricted case,
the GNP is reduced almost to half. The highest GNP is attained
in the growth-oriented scenario, but the social overhead capital
stock is slightly smaller than the standard scenario. Growth
processes of various variables in the standard scenario are shown
in Figure 5.

In Table 11, population, GRP, and GNP per capita by region
in the standard scenario are shown, as obtained from the middle
stratum model. Regional disparity of GRP per capita is consid-
erably eradicated. In Figure 6 dwellings and sewerage of the
year 2000 compared with 1970 are shown. Referring to Table 5,
dwelling 1s much more improved than the target, and sewerage is
also arranged almost to the target level.
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(a) Production by sector in the final year

(10 billion yen).

Scenario 2000
Sector 1970 1 2 3
1 732.5 1273.5 1273.5 1273.5 1273.5
2 1503.5 8152.4 10113.0 7266.4 4401.2
3 1333.7 7212.1 9227.5 6170.4 3913.5
4 2610.2 13134.0 16.4 11389.0 7349.8
5 2811.4 16657.0 22972.0 14009.0 8514.3
6 268.6 1742.1 2193.9 1588.8 954 .1
7 758.6 4680.5 5912.7 4240.1 2565.0
8 4351.5 26319.0 33278.0 24140.0 14583.0
3 1684.1 guug.7 9691.6 6816.7 4724.4
10 17.5 55.2 55.2 55.2 55.2
11 80.1 252.4 252.4 252.4 252.4
Total 7283.4 40023.0 50559.0 35809.0 22328.0
Annual average growth
rate 5.9 6.7 5.5 3.8
(b) Percentage of total.
Scenario 2000
Sector 1970 1 2 3 4
1 4.5 1.5 1.2 1.6 2.6
2 9.3 9.3 9.1 9.3 9.1
3 8.3 8.2 8.3 7.9 8.1
4 16.2 14.9 14.8 15.4 15.1
5 17.4 18.9 20.6 18.0 17.5
6 1.7 2.0 2.0 2.0 2.0
7 4.7 5.3 5.3 5.5 5.3
8 26.9 29.9 29.38 31.0 30.0
9 10.4 9.6 8.7 8.8 9.7
10 0.1 0.1 0.1 0.1 0.1
11 0.5 0.3 0.2 0.3 0.5
Total 100.0 100.0 100.0 100.0 100.0
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Table 10. OQutput of the upper stratum model (continued).
(c) Employed persons (thousand persons).
Scenario 2000
Sector 1970 1 2 3 4
1 9882.7 4597.1 3145.4 4597.1 4597.1
2 1662.6 1519.3 1519.3 1519.3 2921.8
3 884.8 808.5 808.5 808.5 808.5
4 6019.9 5500.9 5548.56 5676.5 5500.9
S 4892.8 4892.8 4892.8 u892.8 5078.7
6 281.5 638.9 724.5 688.5 635.5
7 3152.6 g8u2.4 10469.0 8305.5 7516.8
8 20395.9 30033.0 29314.0 30U46.0 30071.0
9 3854.0 5001.2 S5411.7 4900.2 4704.0
10 113.8 48.0 48.0 48.0 48.0
11 98.1 41.4 41.4 41.4 41.4
Total 51238.0 61924.0 61924.0 61924.0 61924.0
(d) Enterprise capital stock (10 billion yen)
Scenario 2000
Sector 1970 1 2 3 u
1 1066.5 6021.0 5565.4 6419.1 6713.6
2 582.8 3389.2 4316.0 2983.5 1394.1
3 602.8 350u4.7 4599.9 2955.8 2737.9
4 1088.9 16944.0 25371.0 13914.0 12074.0
S 875.0 7264.8 11065.0 5816.2 4978.6
6 754.4 2353.1 3703.1 21u44.6 1998.6
7 491.2 1872.6 7670.3 1696.4 1670.5
8 309.1 11222.0 13984.0 6495.,1 7463.4
9 1413.0 17318.0 21897.0 15884.0 15206.0
10 13.2 1212.6 1212.6 1212.6 1212.6
11 60.6 556.1 556.1 556.1 556.1
Total 7257.5 71640.8 99940, 4 60077.4 56005.4
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Table 10. Output of the upper stratum model (contipued).

(e) Social overhead capital stock (10 billion yen)

Scenario 2000

Sector 1970 1 2 3 4

1 3959.4 51195.0 50486.0 44644.0 39896.0
2 159.2 6849.4 6776.2 5855.9 5004.3
3 209.4 2771.6 2737.9 2406.3 2119.0
4 91.4 4231.4 4117.6 3644.1 3180.9
S 171.1 15677.0 15476.0 13483.0 11751.0
6 930.2 7077.9 6986.7 6200.2 5549.5
7 298.4 5493.0 5430.8 4729.9 4098.9
Total 5859.1 93295.3 92071.2 80963.4 71599.6

(f) Economic overhead capital stock (10 billion ven)

Scenario 2000
Sector 1970 1 2 3 4
1 409.2 3233.5 3689.1 2835.4 2540.9
2 1976.2 24874.0 28452.0 21737.0 19473.0
3 369.0 4501.4 5151.8 3932.0 3516.9
Total 2754.4 32608.9 37292.9 28504.4 25530.8
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Figure 5. Output of upper stratum model.
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Table 11. Output of the middle stratum model—standard scenario

Population (103 persons) GRP (10 billion yen)

Region* 1970 2000 1970 260G
1 16576 23704 869.1 5973.2
2 32215 36242 2619.1 12011.2
3 13810 19618 1057.3 6033.4
4 744 975 ba, 4 294.4
5 890 1282 58.4 363.2
6 2250 3240 158.1 963.6
7 7620 8839 713.4 2034.8
8 4668 5415 333.0 1799.9
9 930 1339 46.0 372.0
10 1043 1429 67.7 459.9
11 6997 6997 487.1 2047.7
12 3904 4380 229.8 1283.3
13 12072 18470 599.9 5386.2
Total 103719 131994 7283.3 40023.0

*See Table 3.

GRP per capita**

(10 billion yen/1000 persons)

Region 1970 2000
1 0.044 0.234
2 0.078 0.330
3 0.072 0.304
4 0.054 0.295
5 0.060 0.277
6 0.069 0.296
7 0.093 0.343
8 0.069 0.332
9 0.045 0.275

10 0.057 0.318

1 0.064 0.285

12 0.051 0.285

13 0.044 0.283

Total 0.066 0.297

**Omit the

1st sector.
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In Figure 7, some annual sectoral productions of the Osaka
prefecture are shown, as obtained from the lower stratum model.
The growth of the metal and machinery industry is remarkable; it
is due to the present industrial structure of Osaka.

4. CONCLUSION

We construct an integrated regional development planning
model so as to assist the policy planning for ultra-long-term
regional development. The object area is Kinki but this model
will be applicable to other regions. We choose a hierarchical
structure for the model in order to overcome the computational
difficulties (both time and memory capacity) and to increase the
model operational ability. Ideas of the planner are easily put
into the model because of its flexible structure. Judging from
our experiences and results which follow several scenarios, our
intention to integrate and assess the most of the planner's
ideas by using a computer model seems to be realized.

REFERENCE

(1] The Council of National Living (1975) Social Indicators of
Japan. Tokyo: Ministry of Finance, Printing Bureau.
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SUMMARY OF THE DISCUSSION

J. Kacprzyk

On the case study presentation the discussion focussed on
the number of pollutants to be taken into account for an adequate
description of the actual regional situation with respect to en-
vironment quality. Some doubts were expressed about whether the
three pollutants considered were sufficient, because in some
countries the numbers are much higher. It was, however, stated
that it is not the number of pollutants that plays the key role,
but their impact and relevance for the region considered. More-
over, 1n a case study one always works on the data that adminis-
trative units (prefectures) have.

On the general issue of regional planning, programming, and
models, the discussion concentrated first on the concept of
Integrated Regional Development (IRD) and its relevance. Since
regional problems are usually complicated, not clear-cut, multi-
dimensional, multilayer, involve conflicts, etc., the IRD approach
combining different types of problems promises to attain the best
results. Moreover, for better efficiency, simulation (of extra-
polation type) and normative (of optimization type) approaches
should be coupled.

Owing to the inherent softness of regional problems, for a
more adequate description of them some new, softer (i.e., less
rigid) approaches are needed. Unfortunately, such approcaches are
not very numerous now, and, even when they exist, they are not
used to a satisfactory extent.

The use of a computer was naturally considered to be a szne

qua non for an attempt to solve any regional problem of nontrivial
dimensionality.
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The discussion then moved to the relations between the ab-
stract problems chosen for solution and the real problems they
represent. It was mentioned that one must always be aware of how
far one can go with existing abstract models and that the choice
of abstract models must be made with a serious consideration of
existing techniques and their limitations.

In the course of constructing a system for devising a com=
prehensive plan for a region one must carefully consider for whom
the plan is prepared. A great number of diverse users of such a
plan, as is usually the case in practice, makes the problem more
complicated. The gquestion of who will implement the plan is im-
portant as well.

The necessity of recognizing the regional problem structure
to be dealt with was acknowledged. The use for it of some ad-
vanced techniques, available in a computer package form, as, e.g.,
DEMATEL, promises to attain good results. One should, however,
not only recognize the present structure, but also to some extent
the future one.

While building a model for an ultra-long-term IRDP (say, 30
years), one must be very careful. For such a long period it is
very difficult, or even impossible, to predict technological pro-
gress and structural changes. Such a long horizon will probably
not create any trouble in the modeling regions in which the uti-
lization of natural and energy resources plays a key role. This
1s, however, not the case in Kinki where, rather than energy and
raw materials, people and industry are the driving forces. It
seems that, owing to rapid, revolutionarv changes in the Japanese
economy, a shorther planning horizon would be more aderuate. It
was, however, stated that this problem will nrobably be alleviated
because of the slower pace of economic develorment in Japan as-
sumed for the future. The infrastructure problems should
possibly involve longer horizons.

There was some doubts about whether the assumption that the
population distribution depends on the industry distribution and
some fiscal factors, without taking into account the attractive-
ness of places under consideration, is adeguate enough. The suf-
ficiency of assuming the transportation costs to be the only ob-
jective function at the second stratum was also guestioned.

As to regional trade dependence and specialization, the sec-
ular decline in the degree of specialization in Japan was first
mentioned. The transformation into the service society was given
as the main reason. Some problems as to a regional rivalry in
specialization were also mentioned, stressing that sparsely popu-
lated and distant regions would probably have a difficult time
surviving.

The sensitivity of regions to export changes was the next
question considered. As to the regional models to be built, it
was seen as desirable to introduce some weak nonlinearity and to
pay more attention to robustness.
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CURRENT RESEARCH DIRECTIONS IN PROBLEMS CF
TERMINAL SITE LOCATION

Y. Nagao and I. Wakai
Department of Transportation Engineering,
Kyoto Universtty, Xyoto, Japan

ABSTRACT

This paper, like previous ones, intends to facilitate over-
all evaluation, expanding the cost-benefit theory by incorporat-
ing the problems of surrounding areas.

From the viewpoint of land use, we are able to apply linear
programming to mixed land use, while 0-1 mixed-integer program-
ming is applicable where mixed land use is not possible. We
shall then be able to establish a standard of decentralized
achievement by the application of duality problems to the model.

Although this paper cannot provide a direct and complete
solution for actual problems, the method proposed may become a
valuable information source for policy making.

1. INTRODUCTION

In locating large-scale airports, ports, harbors, and truck
terminals, a single choice is made after consideration of several
alternative sites. This choice is made after comparing sacrifices
required for the relief of congestion, changes that will be de~
manded in the future, improvement of services for the user, im-
provement of traffic industry management, etc.

In such decisions, the terminal location planning has re-
cently tended to recognize systematically that part of traffic
network planning that connects the origin and destination of
freight.
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In many cases, natural, economic, and social conditions are
listed in the evaluation of sites, and the cost benefit or cost
effectiveness analysis 1s used as a basis £for the final judgment.
In some cases, these analyses are criticized, however, because
in reality there exists a gap in the measuring of benefits and
costs, determination of social discount rate, and weighing of
importance among multiple objectives. In particular, these anal-
yses are not satisfactory for dealing adeguately with external
or environmental effects on the surrounding area.

This study intends to extend the cost benefit theory to this
problem and to interiorize the surrounding-area problems into

the terminal location problem in order to evaluate them compre-
hensively.

2. INTERIORIZING OF SURROUNDING AREA PROBLEMS

The evaluation of a traffic network project containing a
terminal site k is represented by

PNB (k)

"

PB(k) - PC(k)

or

U}

Rk} PB (k) /PC (k) (1)
where PB and PC are "benefits" and "costs" in present values,
respectively. PNB and R are net present value and cost-benefit
ratio, respectively, which are expected to have a positive value
and a value greater than 1, respectively. The alternative yield-
ing the largest value is the most desirable.

The following equation classifies the offerer of a terminal
by 5., the terminal by x, the user by D, the inhabitants affected
by positive benefits in the region by Z1 and inhabitants affected
by negative repercussions by Z3. Then PB(k) and PC(k) in (1) are
rewritten as follows:

PB(k) = J PB.(k) = PB,(k) + PB_(k) + PB_ (%) + PB. (k)
3 J 5 2 g, 75
or
PB(k) = % pc]m = PC (k) + PC,(x) + pcg1m + Pcsz‘”
(2)

where j = S,D,a1,:2.

The offerer of the terminal has to have profitability and
the user has to have an increment in consumer surplus (direct
benefits). For the affected parties in the surrounding area, the
indirect benefits that accrue from the terminal must outweight the
negative effects such as nuisance created by the increase of traf-
fic. Hence, the evaluation ecuation needs the following con=-
straint: :
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PB_ (k) > PC_ (k) (3)
Y o

Generally, besides PC; (k), consideration is limited to

noise, exhaust gas, vibration, water pollution, and changes in
the landscape, all of which are separately evaluated as other
aspects of the planning; in other words, these many factors are
separately evaluated as an environmental effect assessment for

a given project. In this case, the constraint establishes an
environmental quality standard for each environmental item, and
if the guality of a given item does not satisfy its environmental
guality standard:

— the alternative is modified or rejected, or
— the sources of pollution are controlled,

However, when the project or the given items do not respond
to these methods, or when the costs involved in applying them are
prohibitively high, a third method is used:

-—— the environmentally affected parties take some action.

In this case, it is necessary and sufficient to consider three
courses of action: (a) behavioral, (b) developmental, and (c)
locational [1].

A behavioral action involves, for example, changes of living
style caused by noise pollution, or the installation of noise-
proof facilities in buildings; the guality of life, however, is
not changed. A developmental action involves changes in the qual-
1ty of life corresponding to changes in land use. A locational
action involves not only changes in land use, but the removal of
life's activities to another place.

To explain this in more detail, the objective region is di-
vided appropriately into V sguare meshes. The following notation
is defined in terms of a given one of these meshes, which will be
called mesh 7. In this case, the environment of one mesh is eval-
uated by A environmental evaluation items. The weighing or order-
ing of an environmental evaluation may differ according to the
land use in a region.

. =— present level of environmmental evaluation item % in

nor mesh .
hsk — standard of senvirommental evaluation item 42 for land
use k {(e.g., environmental quality standard).
hZJ — degree of planning for environmental evaluation item
” 2 in mesh 1.
(¢ = 1,2,...,% h=1,2,...,4 k=1,2,...,K)

Hence, if ;L; > 33x it is not necessary to make behavioral,
developmental, or locational space changes.
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(4)

If ;L; < ;38%, it 1s necessary to make behavioral, develop-
mental, or locational space changes.

w

k7 oabs ‘

The environment in a region is evaluated according to the
areas of human flow, living conditions, and conditions of work
corresponding to land use. The environmental evaluation items
consist of land features such as geography and geology, and
those factors that are affected by other regions. For example,
noise pollution, air pollution, water pollution, traffic acci-
dents, and time or cost of commuting to school, work, or shop-
ping, which fall under the categories of health, safety, conven-
ience, and economy, are caused and influenced by factors in re-
gions outside the one under consideration.

This is called the interaction effect bhetween the district
1 under consideration and the affecting district j. One method
of representing this is the following:

9. == the interaction effect on environmental evaluation
item m of district <.

R .. — the distance resistance between districts 7 and j
(e.g., A7 is distance, 1 is constant).

— the potential to influence the interaction effect
in district ¢ of environmental evaluation item aris-
ing in district j (e.g., noise, exhaust gas etc.).

m‘vj#i

79+ has the same character as L7 but they differ in that
the former involves mutual influences among distances and the
latter is specific for a given district.

If, at a given point, the conditicns are expressible in
equation (4) then these are not environmental problems, but if
the situation falls under equation (5), some kind of action must
be undertaken. When behavioral space-change by people to their
environment becomes impossible or when a project is designed
without regard to the district under consideration, then egqua-
tion (5) is suggested. However, there are an infinite number of
solutions that satisfy the conditions for equation (5). The fol-
lowing is one possibility.

Without considering the location at this point, if C;.1 is
the behavioral cost in district ¢, and C;.; is the developmental
cost, then the cost functions are2as follows:
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where

X. — the 0-1 variable represefiting the planned land use,
if land use k& is applied in district =z
otherwise

(]
o —

§. — the 0-1 variable representing the present land use,
' if land use k is applied in district <¢
0 otherwise

In addition, there are the following constraints;

i (9)
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In the cases where mixed land use is forbidden, equation (9) is

constrained to allow only single land use.

If we rewrite equation (5) using a 0-~1 variable, then it
becomes:

7.2 .8, v X, (5")

Further, the factors constraining the demand and resources yield
the following equation:

where

0. — the degree of planning in district ¢ for land use <

Jk — the total demand for land use « in the region

kAf — the possible capacity for land use % in district <

Now, if for simplification, we do not consider the inter-
action among districts, the economical action that satisfies the
constraints mentioned above is expressed in terms of equations
(4) and (5) as follows:
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where [71 is the arrangement cost. We minimize the objective
function (12).

3. MODEL FORMULATION
Let us restate the assumptions in our model formulation [2]:

— The total land use demand in the region is constant.

— The locational pattern of municipal facilities such as
roads, railways, airports, stations, gas and electrical
services, water supply etc., in the region is given
(note that the municipal institutions such as schools
and hospitals are classified as residential facilities).

— The capacity ratio is given as a figure related only to
land use.

— The environmental items can be classified independently

of one another, and their levels can be ordered.

The environmental guality standards are given.

The environmental quality standard of the objective area

is satisfied by a combination of improvemental, develop-

mental, and locaticnal space changes.

— The effect on surrcunding districts accompanying the
changes in land use is negligible.

-— The costs accompanying developmental or locational changes
are not related to the distance.

-—— Cost is proportional to the occupied land area.

3.17. Case of Single Land Use
The notations may be explained as follows:

Z. — the present mix ratioc of land use % in mesh <
(00,2, ¢M

A" — the total floor space with land use % in all of the
locational sites

A = the total area of the alternative site

A_. — the total floor space with land use « in the whole
of mesh ¢

4. — the rotal usable space in mesh <
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LG — the cost of improvements for land use < in mesh <

©
|

the developmental cost for land use < in mesh <z
(note € is the developmental cost for land use %,

iz T8 Ay

.0, = the locational cost for land use « in all of the

<3 alternative locational sites
kX{ — a 0~-1 variable
- = 1 1f land use % 1is effected in mesh <
= 0 otherwise
¥ — a continuous variable; the mix ratio of land use

in all of the alternative land use sites

— the total cost (note it includes only the arrangement
cost)

b~y

Further, the developmental cost is proportional to the area:
this 1s represented in the conceptual scheme shown in Figure 1.

The cases of single land use are formulated as follows: we
now have the following 0~1 mixed integer programming problem {3,
uI 5]

J ¢ g ¢
Minimize I = ¥ T GRS S oo.C. (1=-.2.) . %
;=1 =1 < ! s2q g2 it2 <o«
£ B ¥ X
<o —~ - v N - - .
R e N T BT A TP B L EPLER R PP ¢
=1 7=1 k=1 ’ - ’
¢ X
-
+ LG v (13)
<=1
subject to
Y
- . < < -
‘ A, X, + 4% ¥t g o, (. = 1,2,...,%) (14)
1’__‘_1 < < 7 <
¢
08 ) <t (2 = 1,2,...,1 (15)
= L5 2
E¢ P
0 g Y ¥ <1 (= 1,2,...,%) (16)
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«Zi Xi=1 1 —xZ;

a.Present land use b.Land use after <.Piece of mesh
(mesh i land use k) rearrangement concerned with
(mesh 1 land development
use ) (locational cost
Pigure 1. Conceptual scheme for calculating development

(locational) cost for single land use.

3.2, Case of Mixed Land use

The notation is the same as in 3.1. In this case, however,
the variable 1%; is continuous, representing the mix ratio of
land use k& in mesh ¢ (0 £ :4; $ 1). Figure 2 shows the linear

relationship between the developmental cost and the mix ratio
expressed as a conceptional scheme.

Before the formulation, let us define the variable 4. as
the variables X; (1) and i 4;(2), and apply separable linear pro-
gramming:

P S NPT (7]
Oty Sy 08 fyy £ 78 U8

note; 1if kli(1) < kzi’ then kli(Z) = 0.
Hence, the formulation is as follows: we now have the fol-

lowing linear programming problem (6, 7]:
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Zi kXi

!
\
\ In this case,
— \ =—jp» Delopment
\\ Cost=0.
g

a) Present Land Use b) Land Use after Rearrangement
( mesh 1, land use k ) ( if X3 & x3i )

Zi X Xi =1 Zi

//]
— —

% Y

¢) Present Land Use d) Land Use after e) Piece of Megh
( mesh 1, land use k Rearrangement Concerned with
’ (L€ X4 > 2¢ ) Development Cost

Figure 2. Conceptual scheme for calculating development cost
for mixed land use.
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E . N - o= N Y‘ C
Minimize I :i1 2q Lo (sz(1) + <X:(2))
' L
+ y c. ,,7(” + ) .7 b4
S50 why Kie2 i) w2y <73
= 2 c K + E 2. ( c«'-
21 k=1 XK1l X2 (1) i21 k=p < ° 1
£ P
* i) Koy t k; L3 7 (19)
subject to
J ok
=1 &AL (&X1(1) * KL(2))+ AT A Dk (20)
(k. = 1,2, LK)
§
02l Wiy i) (== T2 ) 20
¥
0< v W< (22)
SR by
0 % oy £ % (23)
08 &) £7 = (2. (24)

4. APPLICATIONS AND DISCUSSION

The objective area of this study is a district located to
the east of Osaka International Airport. This district is lo-
cated beneath the paths of landing aircraft and is affected by
various problems such as air pollution, aircraft noise, and noise
arising from factories and expressways. On the other hand, its
location offers a convenient mass transportation to the central
business district. For this reason, the district has developed
as a typical urban sprawl since World War II and is character-
ized by densely crowded low-cost apartment houses. In general,
therefore, it is a very poor living environment.

We applied the zoning measure of a 200 m x 200 m square to
the objective region mentioned above in this study and in our
calculations we used the data for the 400 m x 400 m square derived
from the data for the 200 m x 200 m sguare [8, 9]. Then, as
independent environmental evaluation items were introduced, not
only the aircraft noise but also natural geographic conditions,
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convenience of railways and roads, and traffic noise and air
pollution conditions. These have been ranked in Table 1 so that
they may be handled systematically. In addition, the environ-
mental quality standard for each land use of the objective re-
gion in this study is shown in Table 2.

In setting these standards, we referred to the reports,
laws, and regulations published or issued by the central and
rural governments (10, 11]., Further, the values with respect to
costs and total capacity ratio for each land use, shown in Tables
3 and 4, were derived from various reference materials [12, 13].
Based on the data mentioned above, the optimal solutions and
costs for six cases are shown in Table 5.

In addition, the present state of land use in the objective
region, the land use by the rearrangement method of case 2, and
the land use by the rearrangement method of case 5 are shown in
Figures 3-5 as examplds. Further, the computation time for each
case is shown in Table 6.

The conclusions drawn from the results obtained above may
be summarized as follows:

(i). When there is an airport involved, the rearrangement
cost 1s about 100 billion yen greater than cases not involving
airports.

(1i1), A rearrangement method that ignores the improvement
method is more expensive than one that includes it. This is due
to the high cost of developing the land in the surrounding area,
which has been selected as an alternative locational site for
the region under consideration.

(iii). Because the total costs have been minimized, the
rearrangment pattern of land use in the region is decided arbi-
trarily. The use of each piece of land is determined without
regard to its surroundings. This pattern does not necessarily
coincide with patterns that have been hitherto created by govern-
ment designated objective districts for surrounding and reloca-
tion compensation (these designations have been made independently
for each land-use category).

(iv). The location pattern of land use for environmental
rearrangement tends towards a centralization of each land use in
the region. This represents more explicitly the model of single
land use.

(v). The total cost of the mixed-land-use model is lower
than that of the single-land-use model under the same conditions.
Since, however, the mixed-land-use model creates land-use allo-
cation patterns within each mesh, there are latent costs associ-
ated with this type of model. Thus, it is difficult to make
precise comparisons between the total costs of single-land-use
models and those of mixed-land-use models.
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Table 5.

Optimal solutions.
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Case with 108 yen
Development

and Mixed Land Use With Airport Case 1 6954
locational

Change Only

With Airport Case 2 2228

Case with A

Development Mixed Land Use Case 3 2785
gggatlonal, Without Airport Case 4 1827
Improvement . .

Change single Land Use With Airport Case 5 3361

Without Airport Case 6 3356

Table 6. Computation time.
Model Name Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Number of

Variables 588 588 588 608 136 316
Number of

Constraints 662 662 662 667 71 83
Total CPU

Time (ms) 58150 133796 138075 137729 11798 18700
Total CORE

Time (ms) 457620 634485 718956 691442 87720 91233
Note: Cases 1-4 use linear programming.

Cases 5-6 use approximate integer programming.
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Thus, Lf we define a social cost from aircraft noise as the
difference 1n the total cost with respect to a rearrangement for
land use in objective regions with and without airports, then it
is possible to roughly establish the social cost of aircraft
noise, responsibility for which should be borne by those causing
it. The environmental gquality standards used in this study were
already established. The method by which they were established
is beyond the scope of the present paper and thus will not be
dealt with here.

Finally, the value obtained in this manner does not always
satigfy the conditions that equation (1) is positive, or equation
(3) is greater than one. 1In particular, it is necessary to trans-
fer benefits from the group comprising the user D and affecting
party £ to the group comprising 5 and 22, so that the burden of
costs is distributed fairly. We can obtain the standards for
this decentralization by applying a dual problem to the model
mentioned above [14, 15, 16].

As mentioned above, if the transportation and traffic vol-
ume at the terminal x is provided, we can forecast the levels of
exhaust gas, vibration, and noise occurring there. We can also
calculate the costs regquired for rearrangement of land use to
satisfy the environmental gquality standards or demand for pollu-
tion prevention corresponding to each land use,

In actual practice, however, authority for the terminal is
often invested in local public bodies, which must pay close at-
tention to the demands and desires of local residents. In addi-
tion those who use transport services may not always act in the
best interests of national economy, since they operate under in-
stitutional restrictions such as the nationwide uniform transport
fare system, for example, if a terminal is located on the out-
skirts of a large city. The external diseconomies thereby cre-
ated may be great, but they are not borne by the transporter; in
fact, the transporters will tend to be attracted to such areas
by the sizable benefits that can be derived by them from such
locations,

In contrast with this, terminal locations having relativelvy
low pollution prevention costs are usually characterized bv exces-
sive transpot costs, and so tend to be avoided.

Thus, in order to make the physical distribution actually
follow a path that is favorable for the national economy, it is
necessary to adapt and adjust cost burden, benefit transfer, sub-
sidy, and surcharge systems.

Next, we consider the following three economic bodies as
the ones that take action to maximize net benefits:

— central planning body {adjustment body)

— terminal authority body (body offering facilities)

~ user or shipper (we assume he is cooperating with the
transporter in order to satisfy transportation demand
in the region. Herein we will not take up the problem
of imputation of benefits among transporters).

The following six policies may be considered as possible
adjustment methods of the central planning body.
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(1). The terminal authority bodies levy charges orf
x(17 2 » 2 0) times the benefit desired from the terminal use upon
terminal users.

(ii). The terminal authorities bear u times the cost of
pollution prevention made necessary by transportation activity
taking place at given terminals.

(iii). Subsidies are provided for optimal scale planning
and optimal site location of terminals for the purpose of maxi-
mizing benefits,

(iv). Penalty charges or surcharges are levied on plans for
locational sites that are not truly optimal.

(v). Traffic congestion charges are levied on those who use
terminals operating at full capacity.

(vi). The fee of (1 - 21) times the pollution prevention
costs necessitated by a given terminal is levied against the users
of the terminal.

The above described decentralized achievement is represented
in Figure 6. Hence we may think of 2 as a policy variable to be
determined by the central government. On the one hand, it would
appear that the terminal authority bodies should be responsible
for the maintenance of public facilities such as the terminals.
But the terminal users (shippers) should be responsible for dis-
economies arising from the terminal use.

In this view then, it would seem that 2 = 0. However, as
far as terminal authority bodies levy charges on users of their
terminals, it would seem that they should also carry a share of
the diseconomies arising so that 2 > 0.

5. PROBLEMS OF ACTUAL APPLICATION

The cases in which planning methods have fairly evaluated
the net costs and cost allocation, especially as they relate to
the areas surrounding the terminals, have been few.

In 1967 it became necessary to take some action with regard
to large-scale airports, and accordingly "the Act of Prevention
of Negative Effects Upon Areas Surrounding Airports"” was estab-
lished. Following the launching of this act, certain airports
were designated by government ordinance as ones whose surrounding
areas must be rearranged. The government demanded that these
ailrports set up a public corporation, "Organizations for Rearrange-
ment of the Surrounding Area," in order to formulate the rearrange-
ment plans, and to put these plans into practice.

Although these organizations are concerned only with air-
oorts, our study has been undertaken in order to propose a meth-
odology for establishing this kind of terminal planning on a
broader basis. However, although the environmentally affected
areas have a public aspect in the form of roads, railways, ports,
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harbors, and airports, a substantial problem remains as to what
degree the government can legally exercise control over the pri-
vately owned land. The results of calculation by the mcdel are
not intended to support the rationale, based upon a number of
assumptions, that has been derived by the government. In addi-
tion, it should be pointed out that there is an aspect of uncer-
tainty based on humanity in the readjustment of beneifits and
costs in these areas, and a variety of possiblie responses by the
regional inhabitants. Adjustments would create dynamic changes
in traffic demand by effecting decentralized achievement, thus
creating problems for the surrounding areas. Nevertheless, while
this study is not able to provide a direct solution for such
problems, we believe that it could serve as a valuable informa-
tion source to help solve such problems.

6. FURTHER INVESTIGATIONS

As menticned in section 5, 1t 1s necessary to establish a
method for the compensation of losses and a defense against pol-
lution caused by frequent take-offs and landings of aircraft at
specified airports. We described one of these methods in section
2, but further investigations are required in order to make this
method useful. These investigations must concentrate on:

(i), The measurement of effects on the relevant human and
social activities and the natural ecosystems in these areas, and
the accumulation of data on direct and indirect benefit costs
created by satisfying the traffic demand.

(ii). Systematization of; (a) comprehensive planning
methods contained in the problem of rearranging the surrounding
areas, and (b) terminal locatjion planning as a part of the func-
tional efficiency of the floﬁ“freight Zrom origin to destination.

(1iii). Proposals of the methodology of decentralized
achievement, the executive organizations, and the new institutions
created to put this planning into practice.

Although this study will only provide a basis for these in-
vestigations, it is considered that it will bhe very useful when-
ever the functions of a terminal are increased or new terminals
are located 1in areas of concentrated population and intensive
land use such as in Japan.
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ABSTRACT

This paper concerns an environmental impact analysis model
for decision making in regional planning and management. It is
composed of three environmental impact submodels: an air pollu-
tion model (APM), a water pollution model (WPM), and a model for
solid-waste disposal, especially including plastic waste (SWM).
All the submodels are set up to be interconnected in a simple
but effective way to analyze the essential features of environ-
mental impacts in the region.

This model has been used to make an impact analysis for the
Xinki region, one of the economically important regions in Japan.
The results Zor this case indicate that it 1s feasible to apply
it to assess future environmental impacts due to population in-
crease, to changes in patterns of material consumption, and to
industrial activities in the region.

1. INTRODUCTION

During the last two decades Japan has achieved rapid indus-
trial development, but unfortunately it is also facing some
serious environmental pollution problems in industrialized areas.
It is important to investigate environmental management problems
from a broad sociceconomic point of view. So far few research
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efforts have investigated regional environmental guality by
clarifying quantitatively the interrelations among production,
consumption, and pollution.

The purpose of this research is to construct a regional
environmental impact model to assess the future environmental
impacts due to the population increase and changes in the pattern
of material consumption and industrial activities in a region.
Combining this model with an integrated regional development
planning system [1] as shown in Figure !, we can expect to find
a better regional development strategy for the harmonious balance
between socioeconomic activities and environment. The model is
constructed so as to estimate each subregional environmental im-
pact quantitatively, and a few environmental impact diagrams will
be proposed to illustrate the comparison of environmental quality
in subregions.

The Kinki region of middle Japan is selected as the objec-
tive area of a case study. It is one of the most economically
important regions in Japan and contains lots of socioceconomically
different subregions, i.e., metropolitan areas, highly concen-
trated industrial areas, old capital cities with traditional cul-
ture, farm areas, etc.

2. STRUCTURE OF THE MODEL FOR REGIONAL ENVIRONMENTAL IMPACT
ANALYSIS

In this model, three kinds of pollution phenomena, water,
air, and solid wastes, are considered in order to describe the
regional environmental quality. The conceptual structure of the
model is shown in Figure 2. The model is constructed to calcu-
late the total emissions of pollutants in each subregion. The
regional environmental impacts are also calculated taking into
account the environmental capacity of each subregion. The defi-
nitions of terms in this figure are as follows

{ — pollution sources

7 — amounts of pollutants generated by source (tons/

year)
Z = amounts of pollutants emitted (tons/year)
? = environmental impact indicators
1., — primary generation factor of pollutant, where : is
I the type of pollutant and ; is the source of pollu-
tant
3... — secondary generation factor of pollutant, where =2

denotes the type of original pollutant, ; is the
source of pollutant, and * denotes the type of
secondary pollutant

3. — coeificient of pollution control effect (percent)
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<., — treatment ratio of pollutant (percent)

w. = rate of run-off (percent)

P2

There are three major relationships in the model among the
major variables of X, Y, Z, and 2 as shown at the top of Figure
2.

(i). Raw pollution generation: Y = 7(X) = af , or
., =1 3{j £
) it J

S

(1i). Actual pollution emission after controls and treat-
ment; 2 = z7(7), where 7 is a function of 3, 3§, anduw.
(i1ii). Indication of impact: P = a(Z).

Some examples of the relationships (i) and (ii) will be dis-
cussed below for each pollution phenomenon.. The relationship
(1i1ii) will be discussed in the subsection of regiocnal environ-
mental impact indicators.

2.1. Water Pollution Model (WPM)

There are many items that indicate the level of water pol-
lution such as pH, BOD, COD, TOC, SS, DO, and neavy metals. As
our interest 1is not to investigate the very special and very
localized water pollution phenomenon, it will be sufficient to
investigate such items as BOD, COD, or DC. In this model only
the BOD value is adopted to indicate the water quality of rivers
but it is possible to add other items when it becomes necessary.

Pollution Sources

Two pollution sources are given as an example to explain
the methodology for estimating the pollution load, that is:

-— residential: number of inhabitants (persons)

— industrial: annual industrial production amounts, which
1s expressed by the value of shipments, for 20 industries
in terms of Japanese yen (see the Appendix for a list of
industrial categories).

:

Pollutanzs Senerased

The coefficient a;; denotes the generation factor, where <
1s the type of pollutant and ; is the source of pollutant. For
example: i

gy is the generation coefficient for water pollution from

residents. It depends on the standard of living and
lifestyle of residents and is expressed in units of pol-
lutant generated per unit of source (e.g., the genera-
tion factor of BOD in Japan in 1970 is 44 g/person/
day) (2]
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bt is the generation coefficient of water pollution from
industry. It depends on the type of industry, the
level of technoleogy, etc., and is expressed in units
of tons of pollutant per 106 yens of production.

Pollutants EZmitted

To estimate the water pollutants emitted, the following fac-
tors must be taken into account:

residential — <3 (diffusion rate of public sewage)
3, (treatment ratioc of sewage)
32 (night soil treatment ratio)
4, and w., (rates of run-off)

2

industrial = 3, (coefficient of waste water control ef-
fect within each industry)

<5 (diffusion rate of public sewage of in-
dustrial waste water)

3& (treatment ratio of sewage)

and w, (rates of run-off)

w3 4

2.2. Air Pollution Model (APM)
The air pollutants considered in APM are particulates, sul-
phur oxides (SOx), nitrogen oxides (NOyg), hydrocarbons (HC), and

carbon monoxide (CO).

luctton Sources

o~

20

As sources of air pollution, the industrial, transportation,
and gas and electric power generation sectors are taken into ac-
count in APM. The residential and commercial sectors are neg-
lected because of the difference of the method of energy consump-
tion of these sectors in Japan compared with other countries.
However, it should be noted that the APM in Figure 2 includes
secondary air pollution caused by incinerating solid wastes.

Pollution sources of industrial sectors are classified into

20 categories like WPM, and pollution sources of gas and electric
power stations are categorized by the type of station and by the

transportation sector. Let us consider motor vehicles classified
into nine groups according to the possible combinations of items

between the following two categories; that is, by type of vehicle
(passenger car, truck, bus, and vehicle for special use), and by

type of fuel (gasoline, LPG, diesel oil).



227

Pollutants Generated and Zmitted

The following emission factors are adopted in APM to esti-
mate pollution loads from industrial, and gas and power genera-
tion sectors:

1yg is the generation coefficient of air pollutants Zrom

industry, which depends on the type of industry, and
is expressed in units of tons of pollutant per 106
years of industrial production.

%53 is the generation coefficient for gas and electric
power stations, which depends on the type of station,
on the type of fuel used there, etc., and is expressed
in units of tons of pollutant per unit of fuel used.

In Figure 2, 35 and %8¢ indicate the coefficients of air pollu-
tion control effects.

Concerning the transportation sector, the generation factor
of each pellutant a3 (g/day/car) is estimated taking into ac-
count the average driving distance and speed and the average fuel
consumption for each type of vehicle mentioned previously. No
pollution control devices are considered here; that is, we as-
sume that both the generation and emission amounts of pollutants
are equal to each other (Z = 7).

2.3. Solid Wastes Model (SWM)
Pollution Sources

There are many kinds of solid wastes and problems to be
taken into account here. However, since the main purpose of this
study is to investigate the regional environmental impacts re-
lated to regional human activities, it 1is not necessary to study
this problem in greater detail. In this model, let us focus our
attention particularly on the problem of plastic wastes, which
are typical and important solid wastes. As pollution sources of
SWM, the residential and industrial sectors are taken into ac-
count.

Pollutants Generated and Emitted

The generation factors of solid wastes for residential and
industrial sectors, 231 and a33, respectively, have already been
investigated in many regions in Japan. The percentage of plastic
waste included within the solid waste is well estimated, and it
is possible to adopt those data in SWM. The factors involved in
this SWM are:

<3 and g = treatment ratios by incineration

<G = recycling ratio of plastic waste for industrial
sector
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3 and 3 — generation factors of secondary air pollu-

312 322 tion by incineration from residential and
industrial sectors, respectively.
56 and 67 — coefficients of air pollution control ef-

fect.
2.4. Impact Indicator Diagrams

It is very important to indicate regional environmental
impacts P caused by particular pollution loads Z taking into ac=-
count the regional environmental capacity [P = 4 (Z)]. In this
paper, some primary indicators are illustrated as impact indica-
tor diagrams to give a rough image of the environmental situation
in each subregion.

¥ater Pollution

As an indicator of environmental capacity, the combinations
of both low and mean water discharges of rivers are meaningful.
Since it is impossible to take into account many small rivers
and channels flowing in the region, only first class rivers are
considered here, to give a macroscopic idea of ‘environmental ca-
pacity for water pollution. As regional environmental impact
indicators of water pollution, two indicators Py and Pg will be
acceptable, 1.e., emitted load of pollutant divided by low and
mean water discharges of rivers flowing within a subregion, re-
spectively.

Air Pollution and Solid W¥astes

As an environmental capacity measure for both air pollution
and solid wastes, the land use, broken into three categories
(metropolitan, rurdl, and wilderness) of each subregion will be
roughly applied. For air pollution it is of course necessary to
take 1nto account in the environmental capacity the meteorological
conditions, but they will be omitted in this macroscopic regional
environmental impact analysis. However, results obtained with
the model will indicate the relative pollution level of each sub-
region, and using this result, we can select some relatively more
polluted subregions in which more detailed investigations should
be carried out.

Let us omit the influence of pollutants from surrounding
areas, and also exclude from consideration the wilderness area
(mountains, woods, and forests). As there exist great differen-
ces of pollution level between urban and rural districts in each
subregion, we divide the inhabitable area of each subregion (Ha)
into two areas, that is: metropolitan area (MA) and rural area
(RA), such that HA = MA + RA. As it seems to be difficult to de-
fine MA and RA exactly, the area of densely inhabited district
(DID)* is adopted for MA, and we consider (HA - DID) as RA.

*The precise definition of DID is as follows [3]: A densely
inhabited district (DID) is a group of contiguous enumeration dis-
tricts with high population density (4,000 inhabitants or more
per km2) delineated within the boundary of a city, town, or village,
constituting an agglomeration of 3,000 inhabitants or more, as
the enumeration districts were established.
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Accordingly, let us 1ntroduce the following three regional
environmental impact indicators:

Indicator 24 — (pollutants emitted in HA) /HA

Indicator P2 — ({pollutants emicted in MA) /MA

Indicator Py — {pollutants emitted in RA)/RA
Adopting these indicators, we can compare the environmental

pollution levels of each pollutant for each subregion divided by
urban and rural areas as shown in Figure 3.

3. CASE STUDY FOR THE KINKI REGION

This section is devoted to checking the feasibility of the
model described in the previous section for regicnal environment-
al impact analysis. For this purpose, the Xinki region is ten=-
tatively selected as the case study region. It is located in
the middle of Japan, and consists of seven subregions (Fukui,
Shiga, Kyoto, Csaka, Hyogo, Nara, and Wakayama prefectures) as
shown in Figure 4.

3.17. Input Data and Parameters of the Model

Table 1 shows some necessary input data which explain socio-
economic activities and land-use patterns in esach subregion of
the Kinki region in 1970.

Concerning the generation and emission ccefficients of ool-~-
lutants, and control coefficients, national average values are
mainly adopted in this model (2, 4, 5, 6].

vatzr Poliution Model

The values of the above-mentioned coefficients used in WPM
are:

3, = 90(%) 3, = 38(%) 3, = 90 (%)

e P T 10 (%) and sy = 40 (%)

The value of 33 1s also assumed so as to reduce the BOD load
from each industry uniformly under 120 ppm.

If there is a river that flows down from the surrounding
subregions, then some portions of the pollution loads due to the
upper reaches of the river should be taken into account as the
pollution load cf the downstream subregion. Figure 5 indicates
the flow fractions of pollution load amcong seven subregions. As
the distances of all the rivers flowing in the Kinki region are
not long, the self-purification phenomenon within the river is
not taken into account in WPM.
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Map of the Rinki region.
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Atr Polluction Model

Emission coefficients from industrial, and gas and electric
power generation sectors are estimated from data in {7, 8, 9].
Pollution control effects are considered only for particulates,
and the following values are assumed

65 = 90(%) for industrial sector

66 = 95(%) for gas and electric power generation sector.

The emission loads for the transportation sector are also
estimated taking into account the statistical data of the numbers
of vehicles, their fuel consumption in 1970 (7] and the emission
data given in [8]. No pollution control is considered for this
sector. As it was impossible to gather all the necessary data
to calcualte emissions of all the pollutants divided by urban
and rural areas, it is assumed in this case study that pollution
loads in these areas are proportional to the population ratio be-
tween these two areas. For example, the pollution load in MA is
equal to . (total pollution load within a subregion) x {(population
in MA)/(total population within a subregion).

Solid Wastes Model
The generation coefficient of plastic waste for the resi-

dential sector is assumed to be 10 percent of the total domestic
waste according to the real data for 1970 (9, 10], namely, a3q =

92.1 (g/perscn/day). Other coefficients for residential sectors
in SWM are assumed based on real data gathered by Osaka and Hyogo
prefectures in 1970 {9, 12}, e.g., the incineration ratio <3 =
0.392.

Concerning the industrial sector in SWM, generation cocef-
ficients 233, the recycling ratio «y and the incineration ratio
<5 differ according to the type of industry, and data given in
(11] are quoted. The total subregional pollution lcad is divided
into metropolitan and rural areas under the same assumption as
for air pollution.

3.2. OQutput of the Mcdel

The loads of all the pollutants estimated by this model are
tabulated in Table 2. Using the results of Table 2 and the data
of regional environmental capacity in Table 1, the environmental
impact indicators ?¢-7g5 are calculated for each subregion. The
corresponding indicator diagrams are illustrated in Figures 6
and 7. Frigure 6 shows the subregional comparison of water pol-
lution level of rivers by BOD value. Subregional comparisons
with respect to air pollution and plastic waste are illustrated
in Figure 7 using environmental impact indicators Pq-P3. All
values of these indicators are normalized with respect to those
of corresponding of Kyoto prefecture.
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3.3. Results and Discussion

In this subsection, let us discuss the results of environ-
mental impact analysis carried out for the Kinki region.

Concerning the result of water pollution shown in Figure 6,
there exist great differences among pollution levels of the var-
ious subregions. Although the water pollution load expressed by
the BOD value of Fukul prefecture is not the lowest in Table 2,
its pollution level expressed by indicators 74 and P5 is the low-
est one, as shown in Figure 6. This can be understood from the
fact that the water resource in this prefecture is very rich as
shown in Table 1. ©On the other hand, Nara shows a relatively high
pollution level while its BOD load is the lowest in Table 2. This
is due to the lowest water resource in this prefecture.

The difference in the seasonal change of water discharge
patterns for rivers between the subregions cause the difference
of values between indicators Py and P5. In other words, as the
low~water discharges of rivers in Hyogo and Nara prefectures are
relatively low compared with other subregions, their respective
values of indicator P, become high. As a result, it turns out
that the comparisons of water pollution level by indicators 2y
and P5 provide meaningful information being a first step towards
water gquality management.

Next, let us investigate the results obtained given in Fig-
ure 7 which illustrates the regional environmental guality com-
parison with respect to air pellutions and plastic wastes.

Generally speaking, subregional differences of these pollu-
tants are not so great as compared with those of water pollution
shown in Figure 6. The difference in the shape of the indicator
diagram is mainly due to the differences in industrial structure
of the subregions. As an example, the main industries in Wakayama
prefecture are of the raw material processing type as shown in
Table 1, and together with the narrowness of the DID area, this
causes some values of indicator Py to be very high. Concerning
the indicators P3 (pollution level in metropolitan area) and P3
(pollution level in rural area), it is possible to divide the
seven subregions into two groups; i.e,, highly polluted areas
(Osaka, Hyogo, Wakayama) and low polluted areas (Kyoto, Nara,
Shiga, Fukui). All indicators of Osaka prefecture, the economic
center of the Kinki region, show very high values, and the dif-
ferences among values of three indicators 29, 72, and 23 are not
SO great. This implies that almost all parts of this area are
equally polluted, and it reflects well the fact that most parts
of this subregion are metropolitan areas and highly industrialized
areas. rurthermore, the pattern of Hyogo prefecture, for example,
reflects well the regional difference of pollution levels in MA
(industrial area of Pacific Ocean side) and RA (agricultural area
of Japanese Sea side).

It is possible to conclude that the results illustrated by
these regional environmental impact diagrams reflect well the
image of the real environmental gquality of each of the subregions
in the Xinki region.

L ]
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4. CONCLUSION

A regional environmental impact model including air and water
pollutions and solid wastes has been constructed for investigating
the relationships among production, consumption, and pollution
through a positive case study £for the Kinki region. The model 1s
essentially of the pollutant emission register type whose inputs
are various socilo2conomic indicators such as population, industrial
production, energy consumption, etc. The environmental quality
comparisons among the subregions divided by urban and rural areas
have been expressed as environmental impact indicators, and the
obtained results reflect well the impact of the real environmental
quality of each subregion. The model obtained will give us impor-
tant primary information to assess future environmental impacts in
the process of an integrated regional development decision making.

APPENDIX

Japanese Standard Industrial Classification

JSIC Code Industrial Category

18 and 19 Food and similar products

20 Textile mill products

27 Clothing and related products
22 Lumber and wood products

23 Furniture and fixtures

24 Pulp, paper, and related products
23 Printing and publishing

26 Chemicals and allied products
27 Petroleum and coal products
28 Rubber products

29 Leather and leather goods

30 Stone, clay, and glass

31 Iron and steel

32 Nonferrous metals

33 Fabricated metal products

34 Machinery, except electrical
35 Electrical machinery

36 Transportation eguipment

37 Instruments and related products
38 Miscellaneous manufactures
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1. INTRODUCTION

Recently, the basic question that is being asked repeatedly
all over Japan is "how can we improve the quality of human life?2"
In the course of economic growth, public desires and administra-
tive poljcies have tended to give most attention to raising peo-
ple's income level and increasing the industrial production ca-
pacity. Certainly Japan has attained her aims excellently in
these aspects; while she is now facing various kinds of more
serious problems such as: dJdestruction of nature, contamination
of environment, uneven concentration of population, continuation
of inflation, etc. For that reason, Japan people are starting
to pay considerable attention to the guality of life in aspects
such as pnysical environment, health, social security, community
life, education, culture, leisure, and so forth, as well as the
economic aspect.

In order to meet these needs, a study on the measure of NNW
(Net National Welfare) was conducted {!] by the NNW Measurement
Committee, Economic Council of Japan, as the comprehensive per-
formance index of life quality in place of GNP; and the United
Nations {2], Japanese national government (3] (The Research Com-
mittee, The Council of National Living), and several Japanese
local governments {4, 5, 6] have worked actively towards system-
atizing the so-called social indicators viewed from the life
quality viewpoint. Some work is still going on in various govern=-
mental organizations.

241



242

This report is concerned with cultural indicators in an
area. It is somewhat difficult to evaluate objectively the sta-
tus of the cultural environment. The Council of National Living
of Japan has suggested, in its system of social indicators, mea-
suring the number of prefectures and municipalities where ordin-
ances for protection of cultural assets have been enacted and the
number of cultural assets designated by the national or local
governments. Cultural assets found to be valuable from historic,
artistic, and/or scientific viewpoints by the governments are,
as a matter of course, to be counted in the indicator measure-
ment., However, not only are these kinds of eminent cultural
assets the cultural heritage, inherited from the previous gener-
ation and having laid the foundation for the life of contemporary
Japanese people, but so is the cultural heritage as felt more
intimately in everyday living, including traditional customs and
manners.

From this point of view, in this. report we shall define
"local" cultural assets from our own point of view and try to
investigate the possibility of clarifying the structure of in-
habitants' evaluation of these assets. This work is done by us-
ing the results of polling conducted in some local cities that
have traditional atmospheres and a relatively large number of
local cultural assets [(7].

It is noted that our work has not yet been completed in any
sense, hence the present report is an interim one.

2. LOCAL CULTURAL ASSETS

In Japan the term "cultural asset" is used commonly for in-
dicating any particularly important cultural heritage that is
designated by the national government to be of historical, sci-
entific, and/or artistic value. 1In comparison with these, we
would like here to give the name of "local" cultural asset to
those that have their roots in our "local" society. Most of
these local cultural assets may be of little scientific or ar-
tistic value. However, the local cultural assets may have much
more influence on Japanese spiritual life than those nationally
designated important cultural assets. For instance, a small
stone statue of Jizo, the Japanese children's guardian, standing
by a roadside has been present from generation to generation and
1s closely related with the daily life of local inhabitants, re-
gardless of its artistic value. The Jizo in such a case is
certainly one of the "local"” cultural assets.

As opposed to designated cultural assets, the local ones
are of a very wide range, but have been recognized and appreci-
ated by many local inhabitants. The important designated assets
are of course local ones where they have local features.

The reconstruction of the nation and the succeeding high
economic growth after World War II have changed our mode of life
and local societies generally by "westernizing" them. As a result
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of the industrial growth, the standard of living has been con-
siderably raised. These westernizations or modernizations of
Japan, however, have coften tended to regard traditional cultural
assets as encumbrances and aven to reject them. Moreover, a
great vart of traditional manners and customs has passed out of
the Japanese mind and has been discarded. The rejection ¢f tra-
dition in life will bring about a deterioration of spiricual
life itself. In fact, our living environment has been becoming
worse as a whole in the last decade, in particular in many urban-
ized areas. Particularly, the desolation of “cultural" environ-
ment is notable.

Big cities like Tokyo have had difficulties in preserving
tradition while, supporting modernization in various degrees,
some local cities still preserve many traditional manners and
customs. Thus the problem of trade-off 1s brought up between
the modernization and the preservation of tradition. 1In cities
or towns there have been, and will be, several plans that exam-
ine how to preserve local traditional assets and to make the
best use of them in the course of develcpment.

3. A POLL ON INHABITANTS' EVALUATION OF LOCAL CULTURAL ASSETS

Nowadays, most cities have various difficulties and a num-
ber of people feel that their cities are becoming unfit to live
in. However, the concrete contents of their feelings are some-
what vague. It is then necessary to bring light on how the in-
habitants feel about their own city or community.

We would like to investigate how the ilnhabitants evaluate
their traditional mode of life and how their evaluations are
related to their living environment. The investigations are
focused especially on how the local cultural assets plav their
roles in constituting regional attractiveness which i1s reflected
by i1inhabitants' feeling of satisfaction.

With this aim, we have asked some inhabitants to respond to
the gquestionnaire shown in Appendix A. The gquestionnaire is
composed of three parts. The first part concerns the attributes
of the inhabitant himself, his residence, and his family. The
second, the principal part of the guestionnaire, is on the eval-
uation of the living environment. This part includes thirty
ltems concerning the physical environment mainly from the view-
point of local cultural assets, traditional manners and customs,
and human relations in the community. The third part concerns
the kind of city in which the inhabitant would like to live and
the reason. The first and the third parts are omitted in the
appendix.

The pollings have been conducted in three cities: Takehara
City, at the Seto Inland Sea in Hiroshima prefecture, Otsu City,
the capital of Shiga prefecture, and Xanazawa City, the capital
of Ishikawa prefecture. These cities are gquite historic and
preserve well many "local" cultural assets. One family has been
chosen randomly out of about 25 to 35 families, i.e., 166, 1405,
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and 1486 families 1in Takehara, 0Otsu, and Kanazawa Cities, re-

spectively. One member of each family has £f£illed in the ques-
tionnaire. We have succeeded in obtaining 159, 1036, and 1233
responses, respectively, from these sampled families.

4. SOME TRIALS AT STRUCTURE ANALYSIS OF INHABITANTS' EVALUATION

Based on the data collected through the poll presented in
the last section, we shall try to investigate some structures of
inhabitants' evaluation of local cultural assets. Various kinds
of effective techniques may be available for this. The simplest
one is the use of frequency histograms. Figures 1 and 2 are the
frequency histograms on each item of the inquiries IIA and IIB,
respectively, in the guestionnaire. From these data we can £find
the items felt "satisfactory" and the items felt "necessary" by
many of the inhabitants in those cities. Tables 1 and 2 summar-
ize these items.

The frequency histograms give us some information on inhabi-
tants' evaluation of each individual item, but no information on
the evaluation patterns existing among the items., As a means for
revealing an inter-item evaluation structure, we shall represent
the items as points in a certain space and observe the geometric
relations among these points. For this purpose, we try to use
the multidimensional scaling (MDS) technigue. The MDS technique
needs similarity or dissimilarity data. We calculate the rank
correlation coefficient r;; between the items < and j and adopt
the quantities s{j = 1 - r;; as the dissimilarity data for the
MDS. Appendices B and C outline the rank correlation coefficient
and the MDS technique, respectively.

4.1. Evaluation Structures for Satisfaction and Necessity

We shall see what evaluation structure exists among the
items 1 through to 22, The inhabitants have evaluated their
levels of both satisfaction (the inquiry IIA) and the necessity
(IIB) for each item in the questionmire Constructed by the
MDS technique of nonmetric type, Figures 3a and 3b show the con-
figurations of 22 items on two-dimensional spaces; Figure 3a is
from the satisfaction data and Figure 3b from the necessity data.
The stress 1is a measure of the goodness-of-fit of the configura-
tion to given dissimilarity data. The stresses are 0.042 for
3a and 0.029 for 3b, which are small enough. These configura-
tions are obtained from all the data of the three cities.

Although the distance between the points of items does not
have absolute meaning, we can give some interpretations of the
inter-item relations. For example, the point 3 (temple precincts)
is close to 4 {(children's guardian) on Figure 3a, but not on
Figure 3b. This may result from the difference between people's
evaluations of the satisfaction and the necessity of these two
items. That is, those who are satisfied with existing temple
precincts are usually inclined to be satisfied with the child-
ren's guardian, and vtce versa; while this 1is not observed for
the necessity. Similar interpretations are possible of the other
points of items.
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11. mouncain’'s view 12. brook

15. local festival 16, city's event

17. community activity 18. decoration for festival

Figure 1 continued.
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Figure 2. ?igquency histograms of the items 1 to 22, inquiry
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efficiency of car cratffic

21. crooked road

Figure 2 continued.
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Table 1. Items that are felt satisiactory by the majority of
people questioned.

25. Accessibility to public facilities
16. City event

30. Overall attractiveness

23. Sunshine and ventilation

11. View of mountains or the sea

17. Community activity

15. Traditional festival in local community
26. Environmental pollution

2. Religious institution

3. Precincts of temple or shrine

Table 2. Items that are felt necessary by the majority of
people gquesticned.

22, Efficiency of car traffic

11. View of mountains or the sea

16. City event

17. Community activity

15. Traditional festival in local community
3. Precincts of temple or shrine

12, Brook, channel, or canal

14, Annual celebrations at home

2. Religious institution
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Another feature of the configurations is that the points
form several groups on the plane. Three large groups are recog-
nized. The first group on Figure 3a is that composed of the
points 2 to 7, 10, 13, 20, and 21. These items concern some
typical Japanese traditions. The second is the group of points
14 through 19 which concernevents in local Japanese community.
The last one is composed of the points 1, 8, and 9, representing
the nontraditional items, which are usually disliked by the in-
habitants from the traditional or historical point of view. The
point 22, a little apart from the other points, represents the
item on the efficiency of traffic, which has a different charac-
ter to the other items.

It may be natural and, at the same time, 1is very interest-
ing that these groups on the figure match very well our intui-
tive insight into physical attributes of the items. Although
Figure 3b shows guilte similar groupings, points 14 and 15 are
configurated differently. This difference may be interpreted
such that the celebrations at home (point 14) and the local fes-
tival (point 15) are viewed as a part of the community events
in the feeling of satisfaction while they are viewed as part of
the traditional heritage in the feeling of necessity. We might
be able to make a great variety of interpretations of Figure 3
in addition to those mentioned above, or we could let the figure
speak for itself.

4.2. Difference of Evaluation Structures Among Parts of Cities

In order to see some differences in the evaluation struc-
tures among cities or several parts of the cities, the Individ-

1o

ual difference concept in the MDS has been introduced in our
analysis. Three cities have been divided into seven parts:
Takehara City (A), the northern (B), the central (C), and the
southern (D) parts of Otsu City, and the northern (E), the cen-
tral (F), and the southern (G) parts of Kanazawa City. Each
part is taken as an individual in the MDS of individual differ-
ence analysis. The dissimilarities among the items 24 through
30 are calculated for every part. These 1tems, having a rather
comprehensive character, have been studied only for the level

of satisfaction (the inquiry IIA). Figures 4a and Ub are the
configurations obtained. Figure 4a 1s the configuration of the
seven items on a two-dimensional space, called the common ob-
ject space. It represents the inter-item feature averaged over
all parts of the cities. Figure 4b shows the configuration of
seven parts on a two-dimensional space with only the first guad-
rant, called the subject space. It represents the weights as-
sociated with two axes of Figure 4a, that esach part 1s to have.
Combining Figure 4a with Figure 4b yields the configuration on
the object space of each part. For example, part C has its own
object-space configuration where, for each point, the coordinate
values of axis I are about 0.4 times that on the common configur-
ation of Figure 4a; part F has its configuration where both co-
ordinate values are about 0.7 times those on Figure 4a.
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The points on Figure 4a are located around the point 30
(the overall attractiveness) at almost equal distance. It may
be seen from this fact that pecple are concerned about human re-
lations, traditional heritage, and historic surroundings as much
as safety against disasters, accessibility to public facilities,
and envircnmental pcllution.

Figure 4b shows that A, E, and G of the cities attach much
more importance to axis I than to axis II and, conversely, B, C,
and D attach more importance to II than to I, This illustrates
the difference in character of the cities. Takehara (A) and
Kanazawa (E, F, and G) are rather isclated from big industrial-
ized cities and keep a traditional locality relatively well;
while Otsu, especially its central (C) and southern (D) parts,
is affected severely by the neighboring big cities cf Kyoto,
Osaka, and Kobe in various senses. Combining Figure 4b with Fig-
ure 4a, the point 27 (human relations) gets closest to the point
30 in A, E, and G. It may be .interpreted that in Takehara (A),
the traditional small city, and the northern part (E) of Kanazawa,
with many old dwellings, there are good local human relations.
On the other hand, the people in the southern part (G) of Kanazawa,
with many new houses, might lack more intimate human relations.
In 3, C, and D (Otsu City) pcint 25 (accessibility to public fa-
cilities) is farthest from 30. The public facilities are already
felt sufficient and they may be of little concern in Otsu City.

4.3. Evaluation Structure for Traditional Heritage and Historic
Surroundings

Next, we shall try to apply another method of polling data
analysis, called the method of quantification, to extract the
evaluation structure for the traditional heritage and the histcric
surroundings. The method of gquantification develcped by C. Hayashi
(8] comprises several varieties of classes. Almost all classes
aim at direct data analysis of such ranks as appear in our pres-
eant polling (Appendix A). The class used here is that modified
by ourselves, which originates from "the first class" by Havashi
based on the concept of regression. A more detailed outline of
the method is sketched in Appendix D.

Two results of the analysis for the three cities are summar-
1zed in Tables 3 and 4. The tables show the values of partial
correlation ccefficients, The partial correlation coefficient
represents, roughly speaking, the strength of direct relation of
each predictor variable to the criterion variable, with indirect
relations through other predictor variables removed. In Table
3, the criterion variable in the method 1s the item 29 (historic
surroundings) and the predictor variables are the items 2 to 7,
10 te 13, and 21; while in Table 4 the criterion variable 1is 28
(traditional heritage) and the predictor variables are 2 to 7,
10, 12 to 15, and 17 to 21. These items are chosen intentionally
to reveal which minor items of local cultural assets are thought
to compose the historic aspect or traditional heritage 1in each
city.
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e 3. Partial correlation coefficients obtained by the modi-

fied first-class guantification method
as the criterion variable).

(with item 29

Takehara Otsu Kanazawa
Item Value Order Value Order Value Order
2. Religious
institution 0.160 4 0.129 2 0.031 9
3. Temple precincts 0.027 8 0.042 8 0.032 8
4. Children's guardian 0.0 10 0.027 1M 0.0 11
5. Stone monument 0.0 10 0.035 9 0.039 7
6. Historic building 0.171 3 0.053 6 0.060 6
7. Old-fashioned
residence 0.015 9 0.095 5 0.076 3
10. Stone pavement 0.049 7 0.035 10 0.030 10
11. Mountain view 0.093 5 0.114 4 0.160 1
12. Brook 0.211 1 0.051 7 0.062 S
13. Pagoda view 0.196 2 0.122 3 0.070 4
21, Crooked road 0.088 [ 0.165 1 0.122 2
Table 4. Partial correlation coefficients obtained by the modi-
fied first-class quantification method (with item 28
as the criterion variable).
Takehara Otsu Kanazawa
Item Value Order Value Order Value Order
2. Religious
institution 0.235 3 0.194 1 0.0 15
3. Temple precincts 0.0 13 0.030 10 0.078 4
4. Children's guardian 0.216 4 0.0 12 0.0 15
5. Stone monument 0.071 9 0.0 12 0.006 14
6. Historic building 0.0 13 0.065 7 0.046 9
7. Old-fashioned
residence 0.047 10 0.173 3 0.042 10
10. Stone pavement 0.207 6 0.0 12 0.033 111
12. Brook 0.275 2 0.023 11 0.079 3
13. Pagoda view 3.026 11 0.065 8 0.022 13
14. Celebrations at
home 0.331 1 0.066 6 0.077 5
15. City event 0.0 13 0.056 9 0.072 6
17. Community activity 0.214 5 0.160 4 0.031 12
18. Decoration for
festival 0.167 7 0.0 12 0.049 8
19. Morning fair 0.0 13 0.182 2 0.059 7
20. 01ld street name 0.008 12 0.073 5 0.119 2
21. Crooked road 0.092 8 3.0 12 0.141 1
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Table 3 tells us that the principal elements of the historic,
traditional scenary are the brook, the pagoda view, the historic
building, and the religious institution in Takehara City, for ex-
ample. Something similar to this can be observed in other cities.
The important element common to the three cities may be the pagoda
view, as we could imagine. On the other hand, the children's
guardian, the stone pavement, and the stone monument might not be
very Iimportant.

From Table 4, the elements of traditional heritage influenc-
ing the inhabitants' own or community life are guessed to be the
celebrations at home, the brook, and the religious institution
in Takehara; to be the religious institution, the morning or the
evening fair, and the old~fashioned residence in Otsu; and to be
the crooked road, the old street name, and the brook in Kanazawa.

The second chapter of the preceding report [7], which has
been presented to the commission of National Land Agency and con-
tributed by H. Yoshida, one of the present authors, gives several
other results of the analysis of these polling data, which are
not necessarily complete or rigorous. The people's feelings of
satisfaction about those appreciably elaborate items are certainly
affected by the status of existing properties in their neighbor-
hood. However, since the data on these properties have not been
completed yet, the discussion is adjourned,

5. CONCLUDING REMARKS

This is the first step to knowing how citizens evaluate the
traditional culture and historic heritage in their life. Our
investigation aas been conducted using polling results in three
local cities. The cities under study have tried to preserve
their traditional or historic atmosphere. It may be interesting
or even necessary to conduct similar pollings in some bigger and
more modern cities like Tokyo, Osaka, and XKyoto, for the sake of
comparison from the traditional or historic point of view.

If we wish to discuss one of the most important problems of
how the governmental budget 1s to weight preservation against de-
velopment, we have to have a more suitable polling for it. More-
over, the questionnaire has too many items resembling each other

and lacks items on wealth, health, efficiency, safety, etc. In
fact, asking guestions that are similar is confusing to people
and does not always yield meaningful conclusions. We believe

that the present report, along with the previous one [7], can be
a good guide for constructing better guestionnaires in the Zuture.

Regardless of the drawbacks of the present polling, we have
been able to observe that, for the cities under study, the people
are undoubtedly concerned about the traditional customs and cul-
ture, historic things, and human relations as well as todavy's
problems such as the pollution, efficiency, and safety. The peo-
ple feel that temple precincts, various kinds of festivals and
events, and the ability to see nature are necessary, at least in
those cities in which they are numerous. Currently some pollings
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are under way in several other cities, Hakodate in Hokkaido,
Yonezawa in Tohoku, Waki in Shikoku, Kitsuki in Kyushu, etc.
Several instructive results are expected to come out shortly,
and they will be reported together with more definite methods
and conclusions of structure analysis.

APPENDIX A; QUESTIONNAIRE ON ATTRACTIVENESS OF LIVING
ENVIRONMENT

This guestionnaire is to examine your living environment
with the aim of getting basic ideas that will help policy making
to make your town attractive. We are hoping that you will fill
in this questionnaire frankly. VYou are one of the people living
in Kanazawa, Otsu, or Takehara Cities, whom we have randomly
chosen.

We will not utilize your answer for any purpose other than
our scientific research.

Inquiry I. We would like to ask you about your own home and
yourself. (The details are ommitted here.)

Inquiry II. We would like to ask you about the attractiveness
of your living environment

IIA. For the gquestions items 1 to 30 listed below, please
answer whether they are satisfactory (or good) or
not. Your answer for each item should be in one of
the five ranks given below.

+2: It makes your living environment very attractive,
or you are satisfied with it very much.

+1: It makes your living environment attractive, or you
are satisfied with it.

0: It is not related to your living environment, or
you are indifferent to it.

-1 It makes your living environment less attractive,
or you are unsatisfied with it.

-2: It makes your living environment very unattractive,
or you are unsatisfied with it very much.

IIB. For the gquestion items 1 to 22 below, please answer
whether they are felt necessary or not in order to
increase the attractiveness of your living environ-
ment. Your answer for each item should be ranked

as
a: necessary.
b immaterial.

unnecessary.
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Items of Question

12.
13.
14,

23.

29.
30.

There 1s a factory of domestic industry.

There is a religious institution like a temple, a
shrine, or a church.

There are precincts of a temple or a shrine, or a
grove of a tutelary shrine.

There 1is a statue of Jizo (a children's guardine) or
a travellers' guardian by a roadside.

There is a sacred or aged tree, a stone monument, or
a torili (a shrine gate) by a roadside.

There is a historic building like an aged house of a
prominent person.

There is an old-fashioned residence on a street.
There is a row of modern houses.

There are billboards or neon signs in a row of houses.
There are stone steps, a stone wall, or a stone pave-
ment.

You cann see some mountains or the sea from your home
or neighborhood.

There 1s a brook, a channel, or a canal.

You can see a temple or a pagoda from your home.

Your family observe some annual celebrations like
Sekkus (annual festivities in certain seasons) or a
Tanabata (the Festivals of Star Vega in July).

Your community celebrates a traditional local festi-
val.

Your city promotes an event with participation of
many citizens, such as an athletic or cultural festi-
val.

Your neighbors are working actively for a community
activity, e.g., for a town association activity.

You decorate your house with a traditional drapery
or with a chochin (a Japanese paper latern) at festi-
val times.

There is occasionally an early morning fair or an
evening fair.

There 1s a street with a historic name.

There is a crooked road kept from old times.

You can easily go along a street by car or move your
car in and out of a parking lot.

About a condition of sunshine and ventilation.

About safety against disasters like a fire, an earth-
quake, a flood, a typhoon, etc.

About accessibility to school, hospital, shops, etc.
About environmental deterioration due to an air pol-
lution, noise, vibration, etc.

About human relations withlin vour community.

About the influence of traditional heritage on your
personal or your community life.

About historic, traditional scenery.

In summary, about the overall attractiveness of your
living environment.
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APPENDIX B: RANK CORRELATION COEFFICIENTS

The most popularly used correlation coefficient is the
product-moment one which is defined between gquantitative variables.
But a different concept or definition of correlation is necesary
for dealing with variables in an ordinal scale such as the re-
sponses to the questionnaire II of Appendix A.

Suppose that there are n samples Sq1, S2,...,5n, and they
respond to some items of a question in ranked categories. Based
upon their responses, we wish to define correlation coefficients
among the items, in a certain sense of rank order. Let the item
I1 have my1 categories, c¢11, C121++1C1mq s which are ranked in
this order. Each sample chooses only one of these categories,
that is, the sample $S; chooses ¢1j;+ Ji being one of 1 to my.
Similarly, the item I2 has m2 categories, c¢21, ©¢22/-.-/, C2my,
and the same 3; chooses C254-

For the two samples 5y and S; (k, I = 1,2,...,a), we define

3k: and S%; as follows:
Lo . .y .y . . . i .
1, 1if I < . and P < gy or if Jy >dy and iy > J

[

g, , =
XL
0, otherwise
1 if 7, < 7 and 7)) > J'or if 4. > 5 i< !
! Y3 Y1 v % Jpor 1= Jy 77 andJy YL
~ .
3, ., =
X1

0, otherwise (B1)

One of the following three possibilities must happen for a pair

,l: 3x7 =1 and %7 =0, or 3kz = 0 and dxz = 1, or dk7 = dy; =
0. Roughly speaking, 3ix; = 1 when the orders of responses for
I1 and [y are in a like direction between Sy and 57 and 337 = !

when they are in the opposite directions.

The sums of 35;; and dx; are obtained over all combinations

of the samples, ,C; = n{n - 1)/2 combinations, as
n n
d= 3 5, ., = 7 3 (B2)
x,i=1 <L x,i=1 KF
K<l K<l

There are several types of rank correlation coefficients that
can be expressed by using these gquantities. Here we just give
that of Goodman and Kruskal [9] used in Section 4. Theilr rank
correlation coefficient between items I, and I2 is defined by
r = i-d \B3)
a+dad
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APPENDIX C: MULTIDIMENSIONAL SCALING TECHNIQUES

Powerful techniques under the term "multidimensional scal-
ing (MDS)" have recently been used for the analysis of data of
various types collected in the social and behavioral sciences.
The purpose of the techniques is to find whatever structure may
lie hidden in empirical data and to express this structure in
the form of a geometrical model or picture much more accessible
to the human eye. The objects under study are represented by
points in a spatial model in such a way that the significant fea-
tures of the data about the objects are revealed in the geometri-
cal relations among the points.

A related technique is one that has long been used in the
social sciences under the name of factor analysis. Factor analy-
sis, supposing a linear model, is for a correlation matrix whose
elements are product-moment correlations between the objects:
while the MDS 1s for a data matrix whose elements represent simi-
larity or dissimilarity between the objects.

MDS is loosely separated into two types, one based on a
linear model and one on a nonlinear model. The former involves
a similar procedure to the factor analysis and is reduced to an
eigenvalue problem for a certain matrix made from the original
data matrix,

This appendix outlines the techniuge of MDS for a nonlinear
model. There are a variety of procedures for this kind of scal-
ing. Every procedure requires one to define a criterion that
indicates the total deviation of the given data from a set of
points in the configuration to be obtained; and then intends to
minimize 1it.

Let there be n objects, 51, 2.,...,24, and let the dissimi-
larity, s;;. be measured quantitatively between the objects 5-
and bj. Suppose that the data matrix S5 whose (7,/) element, 5., .,

is symmetric. The technique developed by Cooper [10] introduce$
new variables 7. .;
4

A - y
.. =2 53.. ~L > 0 Cc1
T v (C1)

with an unknown constant L. This idea of theibove equation is
to transform data measured on an interval scale into quantities
on a ratio scale. Then, the configuration { = (z4,22,...,29),
with the coordinate vector z. of the point 5., is determined in
the space of a certain dimension, such that the resulting inter-

point distances I .. minimize the criterion
-
1
. - .2
g o= (3, =4, (Cc2)
7,,J‘=1 o v
1<y

Various kinds of definitions for the distance are possible; if

the Euclidian one is of interest, we can write 4.. as
v
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2 _ - , .
aij = (;z:i ;z:J.) (;z:i ..,J.) (C3)

using the transpose ', The minimization problem of the unknowns
zy and L subject to J can be solved numerically with the aid of,
say, the usual steepest-decent method or the gradient method, to
establish the desired configuration. This technique of MDS is of
metric type, because guantitatively measured dissimilarity data
are dealt with.

Another important technique as®ociated with a nonlinear model
is a nonmetric type of scaling. This intends to give us a con-
figuration without taking account of any more than the merely
ordinal relations among the data matrix elements. Then, it ex-

racts guantitative, metric information from qualitative, non-
metric data. This takes the stand that the data so often come
from human subjects who can readily and reliably give only ordinal
measurements. There are a lot of algorithms for the nonmetric

MDS also. The basic idea of the nonmetric MDS is to obtain the
configuration X of the cbjects such that the distances d;; in the
configuration have a certain monotonic relation to the dissimilar-
tiy s;; measured in ordinal scale, or if s;; is followd by sx7 in
the order of dissimilarity, then d;j < dg; and, if s;; and sy;

are of the same order, then d;; = dy;. Although X can always be
determined in an (n - 1)-dimensional space to satisfy this con-
dition for all s;;/, we practically like X in a possibly lower-
dimensional space, even without complete satisfaction of the con-
dition. In order to measure how well the configuration matches
the given data, Kruskal {11, 12] defined the quantity called
stress

~ ; n 1/2
L S l (cu)
3 ;

L F=1 .
T g J
where 4;; are a sequence of predetermined values monotonically
related to s5;;. Guttman's rank image principle (13] is well known
to be a notable and powerful method to search for jij' Although
there are a lot of computation algorithms for the nonmetric MDS,
most of them are basically along the same lines. Many books (14,

15, 16] and articles are available on them. Hence, we omit the
details here.

As opposed to the technique based on a linear model, including
the factor analysis, the one based on a nonlinear model is .applic-
able to the problem with incomplete data, or data containing a
missing wvalue. It is also empirically said that the nonlinear
model gives us a clearer interpretation of the data structure than
the linear one. However, the technique for the nonlinear model
1s apt to cause some trouble in a local optimum solution due to
multimodality of the criterion or trouble of computation time be-
coming large.

Another impressive class of the MDS techniques is directed
toward the analysis of individual differences lying hidden in
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empirical data. For this class we imagine that the data mat-
rix, 5, = (s'971 (4 = 1,2,...,4) nas been obtained for each of
i

¥ individuals or groups and that the differences among them are
desired to be revealed in some sense. The MDS for individual
difference analysis is to suppose one space with a configuraticn
X = (z1,22/,...,%,) commen to all the individuals, called the com-
mon cbject space and various weights held by each, associated
with its configuration.

Let the individual ;s weight matrix be dencted by the m x m
diagonal one, Vg = diac (w§g),uég),...,u;g)), where wig) is the
weight of positive value associated with the rth coordinate of
the ¥ space and m is the dimension of the space. Thus, the sim-
plest way to cbtain the configuration with consideration of in-
dividual differences is to maximize a criterion similar to egua-

tion (C2)

N n
s= 7T (s Lale)y2
g=1 <,j=1 Y &
<y
g2 2
AYg.) = (xz. = DA (2 - CS
2 ( : IJ) 49( : J) (CS)
This is due to Horan and Bloxon [17). There are many varieties

of the MDS techniques for individual difference analysis, varying
with the concept of individual difference, the definition of
weight and the criterion to be minimized, etc. The nonmetric
procedure has also been introduced. Further the procedure com~
bined with factor analysis has been developed by the authors [18].
These are all omitted here,

APPENDIX D: QUANTIFICATION METHOD OF THE FIRST CLASS

A series of the methods of quantification has been developed
by C. Hayashi [8] one of the famous Japanese statistics mathe-
maticians, and it comprises several varieties of classes. Based
on the fundamental concept of the usual regression analysis, dis-
criminant analysis, or cluster analysis, almost all classes of
the methods aim at the direct analysis of data placed gquantita-
tively in some ranks, as in the polling 1n Appendix A. The method
we have used in Chapter 4 is a modified one of the first class,
which 1s based on the concept of regression analysis. The outline
of the method 1s sketched in the following.

Suppose that »n items are under study in a guestionnaire and
each of them consists of kj categeories, j = 1,2,...,¥. Each of
¥ sampled people is to respond to one of the categories in each
item. This response is expressed for convenilence by the symbol:

71, 1f the sample 7 responds to the category x
. oo of the item j

3.(J,x) =
. . 0, otherwise (D1)

\
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for * = 1,2,...,xs; j=1,2,...,n; and * = 1,2,...,J. MHoreover
it is assumed in the first class of the method that each sample
has a quantitatively measured value, 7., called the external
criterion.

-

The first-class quantification is carried out by giving a
guantitative value 5, called the category score, to category
k of an item J, to maximize the correlation

¥
1 = -
p=3 1 (r,-Dy, - y)/9y0,
=1
n
Yo = ) ..
) jat TJ
k ;
_.d
x., = 5.4, %)z, (D2)
3 kil PAE jk

N
DS (P3)

Here, 7, y, oy, and 0. are the means and the standard deviations
of Yy and y,, respectively. The above idea is to determine the
coefficients x;-; such that they yield the best regression of the
criterion variable value Y. by the response prediction variable
Sy (d k).

We can obtain useful information from the result®of the best
regression obtained. One of the most impcrtant pieces of infor=-
mation is the partial correlation coefficient

pn+1,j

[
LA

(rn+1,n+1 yjj)1/2
where r;5 is the (¢,j) element of the inverse of the (n + 1) x

(n + 1) matrix 2; the (p,g) element of ? is the correlation be-
tween a{p and Aig, ¢ running from 1 to ¥ (aij for j =1,2,...,n
has been defined in equation (D2) and x. ,4¢ is 7. itself). The
value of r%: reflects the strength of the direct relation of the
item j to the external criterion, with indirect relations through
the items other than ; removed.

The present authors have pointed out that the above basic
procedure has a shortcoming for the data of the items with some
"ordered" categories, ordered, say, from "very attractive" to
“very unattractive," like our polling in Appendix A. For the
analysis of such data, we have proposed that there should be some
specious value order in z.,, e.g., - P A A for

“d v = J - had u .
o
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every ; = 1,2,...,n, and have established the complete computa-
tion procedure and the computer program [19].
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ABSTRACT

The primary objective of this study is to develop hierarchi-
cal models for the management of water supply and treatment of a
river basin.

The major sociceconomic indicators that must be considered
in a water management problem are obtained from an integrated
regional development planning model (IRDPM), which has been built
to seek the desirable long-term sociceconomic development pattern
of the region.

Next, a water demand estimation model (WDEM) is built to
calculate water demands for each socioceconomic sector taking into
account the improvement of the quality of life and the technolog-
ical progress. A model to estimate the amount of 30D exhausted
MEBE) 1is also built, by which the pollution load expressed by
BOD is calculated for each subregion of the river basin.

Finally, a water management planning model (WMPM) is built
by which the optimal public sewage treatment strategies are con-
sidered together with the water supply planning. In this model,
considering a foreseeable shortage of the water resocurces, it is
assumed that the water treatment by public tertiary treatment
plants can be reised by industry. In WMPM, the problem is formu-
lated as an optimization one with multiobjective functions, and
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the set of Pareto optimal solutions are derived by adopting the
parametric method in the linear programming technigue.

Through a study for the Yodo river basin, it 1s ascertained
that various important information to support decision making
for long-range watar management can be obtained f{rom the nhier-
archical model built.

1. INTRODUCTION

Caused both by Japan's rapid industrial development and by
the limited availability of water resource, the shortage of water
resource and the deterioration of water quality are becoming very
serious particularly in highly industrialized areas.

In the survey report on long-term water resource management
perspectives prepared by the Ministry of Construction of Japan
(1], 1t 1s cautioned that water demands might grow tc be consid-
erably in excess of water supply by the year 1985. For example,
it is estimated that water demands for residential and industrial
activities will increase in Japan from 27.0 (billion m3/year) in
1960 to 537.7 1in 1985. This caution indicates to us the necessity
of constructing new water resource utilization systems. In other
words, 1t i1s necessary not only to construct new dams but also to
build new water utilization systems; e.g., under investigation in
several regions are systems for reusing water treated by public
tertiary treatment plans for industrial usage [2].

With the purpose of preventing the deterioration of the water
guality of rivers, the water treatment problem is another impor-
tant issue in water management planning. At the present t