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ABSTRACT

It is one of the most important roles for spatial economists to provide scholars and policy makers who are
tackling urban and regional issues with a better insight into the basic tendency of the changes in the spatial
redistribution of socio-economic activities within urban areas. Based on this standpoint, the present paper
examines the urbanization and suburbanization process of the Chuo-line region of the Tokyo metropolitan
area for the period 1947-95. For investigating the Chuo-line region that extends to the west from the CBD of
Tokyo and that is long and narrow in shape, this paper employs the Klaassen's spatial-cycle framework as
a theoretical scheme and the ROXY-index approach as an analytical instrument. Results show, for the
period 1990-95, that the Chuo-line region seems to be nearly at the last phase of the decelerating-subur-
banization stage and to be about to get into the first phase of the -accelerating-urbanization stage (i.e., the
first phase of the revived-urbanization stage). One of the noteworthy policy implications derived from our
results is that the magnitude of the necessity for the urban investment in the inner zone of the Tokyo metro-
politan area along the Chuo-line region is increasing significantly for augmenting the positive effects stem-
ming from the urban agglomeration economies and for reducing the negative effects caused by the urban
agglomeration diseconomies, in order to prepare for the forthcoming revived-urbanization stage.
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1. Introduction: Objective

This paper is a follow-up study to a part of the investigation by Kawashima and Hiraoka (1993)
which analyzes, by applying the Klaassen's spatial-cycle hypothesis and the ROXY-index analyti-
cal method, the spatial-cycle phenomena of the urbanization and suburbanization process for the
five major railway-line regions in the Tokyo metropolitan area for the period from 1960 through
1990. The primary purpose of the present paper is to examine, for the period from 1947 through
1995, the spatial-cycle process for the area along the Chuo Line, which is one of the major mass-
rapid transit railway-lines in the Tokyo metropolitan area. We call this area the Chuo-line region,
whose geographical location is presented by Figure 1.

Figure 1 Geographical Location of the Chuo-line Region

[ : Tokyo FUR (19%-version)
D : Tokyo Special Ward

: Chuo-line Region
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Urbanization, Suburbanization and Revived-urbanization:ROX Y-index Analysis for the Chuo-line Region (FUKATSU and KAWASHIMA)

In the following, we briefly explain our analytical approach in Section 2. In Section 3 we
describe the population changes in the Chuo-line region for the period from 1947 through 1995.
In Section 4 we examine, in light of the ROXY-index values, the spatial-cycle stages of the urban-
ization and suburbanization process for the Chuo-line region and its possible future path of the
spatial-cycles. In Section 5, in conclusion, we discuss some policy implications that can be
derived from our examination in section 4, and application potentials of our analytical approach
based on the Klaassen's hypothesis and the ROXY-index method for the study of urban
dynamism.

2. Data, Spatial Units and Analytical Approach
2-1 Data and Spatial Units

We utilize the national census figures from 1947 through 1995 for our analysis. From these fig-
ures, we pick up population data as shown in Table A-2 in the Appendix for the spatial units
described below for the calculation of the ROXY-index values.

For spatial units, as listed in Table A-1 in the Appendix, we use sixteen localities which compose

the Chuo-line region. Each of the member localities of the Chuo-line region satisfies the follow-

ing two conditions.

(1) The locality is situated within the boundary of the 1990-version of the Tokyo functional urban
region (Tokyo FURY )-which is conceptually considered as the Tokyo metropolitan area.

(2) The locality is passed through, even in part, by the Chuo Line.

2-2 Analytical Approach

We employ in our investigation, as a theoretical framework, the spatial-cycie hypothesis original-
ly conceived and constructed by Klaassen2> in the 1970’s. As an analytical instrument, we
employ the ROXY-index method originally conceived and applied in an empirical study by
Kawashima® also in the 1970's.

2-2-1 Spatial-cycle Paradigm: Klaassen's Hypothesis

The essence of the Klaassen's spatial-cycle hypothesis argues that the process of the intra-metro-
politan spatial redistribution of different socio-economic activities tends to follow the recurrently
transmuting successive stages along the spatial-cycle path.

One of the generalized versions4> of the Klaassen's original spatial-cycle hypothesis is the spa-
tial-cycle paradigm with four major stages: (D accelerating urbanization, & decelerating urban-
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ization, ® accelerating suburbanization, and @ decelerating suburbanization. This paradigm is
shown in column B of Table 1. Two other kinds of spatial-cycle paradigms, one with two major
stages and the other with eight major stages, are shown in columns A and C of the same table.

Table 1 Three Kinds of Spatial-cycle Paradigms for Recurrently Transmuting Stages: For Study
of Intra-metropolitan Analysis

A B C
Two major stages | Four major stages Eight major stages
Accelerating E-1 | First half of accelerating urbanization

. 1 urbanization | E-2 | Second half of accelerating urbanization
T-1 | Urbanization - - —
F.2 Decelerating E-3 | First half of decelerating urbanization
urbanization | E-4 | Second half of decelerating urbanization
F3 Accelerating | E-5 | First half of accelerating suburbanization

subrbanization| E-6 { Second half of accelerating suburbanization
Decelerating | E-7 | First half of decelerating suburbanization
subrbanization| E-8 | Second half of decelerating suburbanization

T-2 |Suburbanization|

F-4

[Notes]

(1) In case we use the terms of centralization (instead of urbanization) and decentralization
(instead of suburbanization), the above-mentioned stages are referred to as following: central-
ization (for T-1) and decentralization (for T-2); accelerating centralization (for F-1), deceler-
ating centralization (for F-2), accelerating decentralization (for F-3) and decelerating decen-
tralization (for F-4); first half of accelerating centralization (for E-1), second half of acceler-
ating centralization (for E-2), first half of decelerating centralization (for E-3), second half of
decelerating centralization (for E-4), first half of accelerating decentralization (for E-5), sec-
ond half of accelerating decentralization (for E-6), first half of decelerating decentralization
(for E-7) and second half of decelerating decentralization (for E-8).

(2) For the two-stage paradigm represented in column A, the spatial-cycle path follows the recur-
rently transmuting stages of T-1, T-2, T-1, T-2, «--.

(3) For the four-stage paradigm represented in column B, the spatial-cycle path follows the recur-
rently transmuting stages of F-1, F-2, F-3, F-4, F-1, F-2, F-3, F-4, -~

(4) For the eight-stage paradigm represented in column C, the spatial-cycle path follows the
recurrently transmuting stages of E-1, E-2, E-3, E-4, E-5, E-6, E-7, E-8, E-1, E-2, E-3, E-4, E-
5, E-6, E-7, E-8, ---.

(5) The stage of urbanization is called the stage of revived-urbanization when the spatial-cycle
path arrives at the stage of urbanization on its second or further round, in order to highlight
the phenomena of the re-entry of the spatial-cycle path into the stage of urbanization.

(6) In the Klaassen's original framework, the following terms are used to describe the four major
stages represented in column B: reurbanization (for F-1), urbanization (for F-2), suburbaniza-
tion (for F-3), and counter-urbanization (for F-4).
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Table 2 Definition of ROXY Index for Intra-metropolitan Analysis of Spatial Redistribution
Process of Population

RI(tt+ D= (1t+1)

=(WAGR . ., /SAGR,. — LO)XI0" v (1)

tr+l t+l

where

RI (t,t+#1)  : Value of ROXY index for the period between years ¢ and t+1
(calculated on the annual growth-ratio basis)

@ (t,t+1)  : Abbreviation of RI(t,t+1)

WAGR, ,,; : Weighted average of the annual growth ratios of population, for
the period between years ¢ and ¢+ 1 over n subareas composing the

metropolitan area being investigated, which is equal to

n

Z(Wirx riz.m)/iwir
=1

i=]
SAGR,,.; :Simple average of the annual growth ratios of population, for the
period between years ¢ and r+1 over n subareas composing the
metropolitan area being investigated, which is equal to

S I,HI n
iy

i=1

X; : Population of subarea i of the metropolitan area in year 7
: Number of subareas composing the metropolitan area
il : Annual growth ratio of population of subarea i for the period
between years ¢ and ¢+ 1, which is defined as the k-th root of
t+k Ix t_ itk
i i =i
w; : Weighting factor for subarea i in year ¢
[(Note]

In case the quantitative characteristics of the weighting factor positively correspond to the con-
cept of urbanization (or centralization), we utilize the definition given by Equation (1). One
example of such weighting factors is “a reversed CBD-distance of subarea i” (d;) which is
defined as

8, =(Max d,)-d,
where d; is a CBD distance of subarea i. In case the quantitative characteristics of the weighting

factor adversely correspond to the concept of urbanization (or centralization), we utilize the defi-

nition given by Equation (2) which has the negative sign added:
RI(tt+1) = @1t +1) = —(WAGR,,.,/SAGR,,,—1.0)X10° <+ rrvmerrerearrecienns (2)

One example of such weighting factors is a CBD distance of subarea i (d;).
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Table 3 Calculation Formula of ROXY Index for the Analysis of the Chuo-line Region

RI(tt+1)= D (e +1)

= —(WAGR,,,,/SAGR,,,, — 1.0)%x10’

nt+l

where

RI(t,t+]) : Value of ROXY index for the period between years ¢ and t+1 (calculated on the
annual growth-ratio basis)

O(t,t+1) : Abbreviation of RI(t,t+1)

WAGR, ,,; : Weighted average of the annual growth ratios of population, for the period between
years t and t+1 over n subareas composing the metropolitan area being investigat-
ed, which is equal to

d, xr™")/3d,
i=1

(
<y

SAGR : Simple average of the annual growth ratios of population, for the period between
1+l p g g pop p
years ¢t and t+1 over n subareas composing the metropolitan area being investigat-

ed, which is equal to

iril.nl/n - z(r[t.ml)/n
=1 .

X; : Population of subarea i of the metropolitan area in year 1
n : Number of subareas composing the metropolitan area
r,»”+l : Annual growth ratio of population of subarea i for the period between years 7 and

t+1, which is defined as the k-th root of

t+k/ t_ Ltk
P X =T

w; : Weighting factor for subarea i in year ¢
d; : CBD distance of subarea i
[Note]

In our analysis, the weighting factor w} which is used for the calculation of WAGR, ,,; for subarea
i in year ¢, is the CBD distance of subarea i (d;).

In an intra-metropolitan analysis like the study in this paper, the phenomena of urbanization and
suburbanization are often referred to as those of centralization and decentralization respectively.
If we are interested in using those terms, the spatial-cycle stages of each paradigm are called as
stated in the note (1) of Table 1.
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Urbanization, Suburbanization and Revived-urbanization:ROX Y-index Analysis for the Chuo-line Region (FUKATSU and KAWASHIMA)

It should be also kept in mind that, as mentioned in the note (6) of Table 1, we call the stage of
urbanization the stage of revived-urbanization when the spatial-cycle path arrives at that stage of
urbanization on its second or further round, in order to emphasize the re-entry phenomena of the
spatial-cycle path into the stage of urbanization.

We mainly apply in the following the spatial-cycle paradigm with four major stages to our inves-
tigation of the population changes in the Chuo-line region.

2-2-2 ROXY-index Method

The ROXY index” is an indicative instrument to quantitatively. identify, for a given system of
spatial unit56>, the stages of the spatial-cycle path for various types of socio-economic activities.

For the present study which conducts an intra-metropolitan analysis of the spatial redistribution
process of population, the ROXY index is defined as shown by Table. 2. As can be easily seen
from this table, “the proportion of the weighted average of the growth ratio to the simple aver-
age of the growth ratio” plays a fundamental role in the definition of the ROXY index. From
Table 2, we can construct the calculation formula for the ROXY-index value for the Chuo-line
region as given by Table 3.

Based on Tables 2 and 3, we obtain Table 47 which indicates the following five relationships
among (@ the sign of the ROXY-index value, @ the direction of the changes in the ROX Y-index
value, 3 the pattern of the spatial redistribution process of population, and @ the speed of the
spatial redistribution process of population.

(1) The ROXY-index value is positive and increasing for the stage of accelerating urbanization.

(2) The ROX Y-index value is positive and decreasing for the stage of decelerating urbanization.

(3) The ROXY-index value is negative and decreasing for the stage of accelerating suburbaniza-
tion.

{4) The ROXY-index value is negative and increasing for the stage of decelerating suburbaniza-
tion.

(5) The ROXY-index value is zero (or in the vicinity of zero) for the stage at which the spatial
redistribution process is neutral (that is, the stage which corresponds to neither the phenomena

of urbanization nor the phenomena of suburbanization).
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Table 4 Implications of ROXY-index Values for Intra-metropolitan Analysis of Spatial Redistribu-

tion Process of Population: For Terms of Urbanization and Suburbanization

A B C D

Pattern of spatial Speed of spatial

Sign of redistribution process of Direction of changes| redistribution
ROXY-index . | process in ROXY-index process of popu-
population within . oy
value . values lation within a
a metropolitan area .
metropolitan area
Urbanization Increasing Accelerating
Positive (or Revived- Levelling-off Stationary
Urbanization) Decreasing Decelerating

Neutrality from both

urbanization and . .
Continuation of

Zero suburban%zation (viz. Levelling-off neutrality
: Symmetric growth
or symmetric decline'"’)
Decreasing Accelerating
Negative Suburbanization Levelling-off Stationary
- Incréasing Decelerating

[Source] Reconstructed from Kawashima and Hiraoka (1998)

[Note]

The. spatial redistribution pattern of the “symmetric growth or symmetric decline” comprises the
following three sub-patterns of BLGD, BSGD and CSGD.

(i)

(ii)

(iii)

Balanced growth or decline (BLGD): The fitted growth-rate curve which is a function of
“the distance from the center of the metropolitan area under our investigation to each of
its subareas” (i.e., the subarea’s CBD distance), is nearly flat regardless of their CBD
distance to reflect the constant sharing of population by subareas over time.

Bell-shaped growth or decline (BSGD): The fitted growth-rate curve is bell-shaped,
reflecting the “medianization” of population over subareas in the metropolitan area.

The phenomena of “medianization” means: (D the increase (as compared with other sub-
areas) in population shared by subareas with the medium CBD distance, or @ the
decrease in population shared by subareas with either relatively longer or relatively
shorter CBD distance (but not by subareas with the medium CBD distance). '
Cup-shaped growth or decline (CSGD): The fitted growth-rate curve is cup-shaped,
reflecting the “bipolarization” of population over subareas in the metropolitan area.
The phenomena of “bipolarization” means: (D the increase in population shared by sub-
areas with either relatively shorter or relatively longer CBD distance, or @ the decrease
in population shared by subareas with the medium CBD distance.

gboooo
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3. Population Changes

3-1 Five-year Growth Ratios for Localities of the Chuo-line Region

We have in Japan eleven national population censuses after the World War [I: for years of 1947,
1950, 1955, 1960, 1965, 1970, 1975, 1980, 1985, 1990 and 1995. By use of these censuses we con-
struct Table A-2 in the Appendix showing the population level for each of the localities compos-
ing the Chuo-line region. In this table, the distance to the CBD from each locality is also shown.
From Table A-2, we calculate the gross growth ratio® for the population of each locality, for one
three-year period and nine five-year periods as given by Table A-3. This table also gives the esti-
mated gross growth ratio for the hypothetical five-year period 1947-52. From Table A-3, we
obtain Table A-4 showing the annual growth ratio by locality for each period. Also from Table
A-3, we can construct Figure 2 which shows the five-year growth-ratio curves for each of ‘ten
periods. Based on Figure 2, we can draw Figure 3, which shows “the gross growth-ratio curve
of each period” together with “the gross growth-ratio curve of the previous period,” if any.
These two figures help us observe visually how the levels of the growth ratios of the population
have changed for localities composing the Chuo-line region in both temporal and spatial context.
The following six messages can be derived from these two figures, concerning the urbanization

and suburbanization process of the Chuo-line region for the period from 1947 through 1995.

Figure 2 Five-year Growth-ratio Curves for the Chuo-line Region
2.40

220
200 |
180 |
160 |
1.40 |

1.20 |

Five-year growth ratio

1.00 L

0.80

0.60

Distance to CBD from each locality (km)

[Note] The five-year growth ratio for the period 1947-52 is an estimated value calculated on the basis of the three-year growth ratio
for the period 1947-50

----- 1947-1952 ~ - —- 1950-1955 = == 1955-1960 —— 1960-1965 = = = 1965-1970 — = 1970-1975
—— 1975-1980 - = ]980-1985 — 1985-1990 — ] 990-1995
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Figure 3 Five-year Growth-ratio Curves for the Chuo-line Region: For Each Period together
with the Five-year Growth-ratio Curve for Previous Period
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Urbanization, Suburbanization and Revived-urbanization:ROXY-index Analysis for the Chuo-line Region

Figure 3 (Continued)

(FUKATSU and KAWASHIMA)
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(1) (i) For the periods 1947-50 and 1950-55, the growth-ratio curve for each period is character-
ized by the two distinctly high peaks: one existing towards its left-hand side and the other at
its center. The left-hand side peak corresponds to Shinjuku-ku (5.7km for the CBD distance,
with a three-year growth rate of 60.06% for the period 1947-50” and with a five-year growth
rate of 41.52% for the period 1950-55). The central peak corresponds to Kunitachi-shi
(29.2km, 40.11%"?, 57.40%).

(ii) The left-hand side peak (corresponding to Shinjuku-ku) is clearly higher than the central
peak (corresponding to Kunitachi-shi) for the period 1947-50, but becomes evidently lower
than the central peak for the period 1950-55. This perhaps may reflect the start of the subur-
banization process of the population in the Chuo-line region in the 1950's.

(i) For the periods 1955-60, 60-65 and 65-70, the growth-ratio curve for each period is char-
acterized by a relatively deep valley existing at its center, and a high peak existing next to this

oo

deep valley towards its right-hand side direction. The valley corresponds to Tachikawa-shi
(31.0km for the CBD distance, with five-year growth rates of 7.39% for the period 1955-60,
22.88% for the period 1960-65, and 16.24% for the period 1965-70). The peak corresponds to
Hino-shi (33.2km, 58.92%, 56.66%, 44.98%}).

(ii) The emergence of the central valley (corresponding to Tachikawa-shi) for the 1955-60
period is not caused by a drastic decrease in the population of Tachikawa-shi, but by a sudden
increase in the population of Hino-shi.

(3) For the period from 1950 through 1970, the left-hand side portion of the growth-ratio curve
which corresponds to localities with the CBD distance less than 18km, gradually lowers as
time proceeds. Meanwhile, the right-hand side portion of the growth-ratio curve which corre-
sponds to localities with the CBD distance more than 40km, either gradually heightens as time
goes on, or remains at the previous level even though time goes on.

{4) For the periods 1965-70 and 1970-75, the growth-ratio curve for each period is characterized by
the downward levelling-off motions of localities situated at a CBD distance of approximately
20km to 30km. They are Koganei-shi (23.7km for the CBD distance, with a five-year growth
rate of 23.70% for the period 1965-70 and that of 8.74% for the period 1970-75), Fuchu-shi
(25.8km, 29.26%, 11.77%), Kokubunji-shi (27.5km, 25.19%, 8.49%), Kunitachi-shi (29.2km,
37.33%, 7.86%) and Hino-shi (33.2km, 44.98%, 28.61%). The only exception for this case is
Tachikawa-shi (31.0km, 16.24%, 17.97%) whose growth ratio went up.

(5) For the periods 1980-85 and 85-90, the growth-ratio curve for each period is characterized by a

shallow valley at its left-hand side. This valley corresponds to Chuo-ku (1.1km for the CBD

distance, with five-year growth rates of -3.30% for the period 1980-85, and -14.92% for the

period 1985-90).

(1) For the period 1990-95, the growth-ratio curve is characterized by a negative gentle slope

<

existing toward its extremely left-hand side. This slope portion of the growth-ratio curve cor-
responds to Chuo-ku (2.1km for the CBD distance, with a five-year growth rate of 0.63% for
the period 1990-95). They are the only two localities out of the sixteen localities composing
the Tokyo FUR, whose growth rates turn positive for the period 1990-95 from the negative
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growth rates for the period 1985-90.

(i) For the 1990-95 period, there exist seven localities with positive five-year growth rates.
Among them, Fujino-machi has the highest growth rate (55.5km; 6.93%), followed by Chuo-
ku (1.1km, 6.47%), Hachioji-shi (40.3km, 3.59%), Chiyoda-ku (2.1km, 3.18%), Tachikawa-shi
(31.0km, 2.01%), Kokubunji-shi (27.5km, 1.29%) and Fuchu-shi (25.8km, 0.27%).

3-2 Trends of Changes in the Growth-ratio Curves for the Chuo-line Region

The aforementioned can be summarized by the following three points to describe the basic trends
of changes in the shape of the growth-ratio curves.

(1) Tendency for the highest part of the curve to move outwards:
As the years roll on, the peak point (or high-altitude zone) of the growth-ratio curve tends to
shift from localities with a shorter CBD distance to localities with a longer CBD distance.

(2) Tendency for the general height of the curve to go down:
As the years roll on, the general altitude of the growth-ratio curve tends to gradually become
lower.

(3) Possible revival of the urban center in the near future:
For the period 1990-95, which is the latest period among all the ten consecutive periods inves-
tigated in this paper, the left-hand side tail (i.e., the most inward part) of the growth-ratio
curve seems to start to move upward.

What has been pointed out in the above would suggest the following three prospects as to the

urbanization and suburbanization process of the population in the Chuo-line region.

(1) A movement from the stage of urbanization to that of suburbanization seems to have taken
place around the year 1955.

{2) A movement from the stage of accelerating suburbanization to that of decelerating suburban-
ization seems to have taken place around the year 1965.

(3) A movement from the stage of suburbanization to that of revived-urbanization seems not to

have taken place yet, but is likely to take place before too long.

4. ROXY-index Analysis

Now we want to ascertain, through a more objective approach by use of a quantitative analytical
method, whether the urban-change prospects rather subjectively described in the last part of Sec-
tion 3 would be appropriate to a reasonable extent or not.” For this purpose, we employ the
method of ROXY-index analysis, by expecting that the ROXY-index approach would facilitate our
deeper and more precise understanding about the spatial redistribution process of population in
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the Chuo-line region.
4-1 Obtained Values of ROXY Index

Based on Tables 3 and A-4, we calculate the ROXY-index values for each of ten five-year periods
as shown in Table 5. From this table, we can draw Figure 4 which shows the changes in the
ROXY-index value for the Chuo-line region in the wavelike-cyclic form for the relatively long
period of forty-eight years from 1947 through 1995. From Table 5, we can also draw Figure 5
which shows the changes in the ROXY-index value in the circular-cyclic form. In Figure 5, we
have the ROXY-index value along the abscissa axis which extends its positive direction towards
the left-hand side. Along the ordinate axis, we have the marginal value'V of the ROXY index.
Suppose we cut the two-dimensional space of Figure 5 in the following three different ways: @
two equal parts of left-hand side half-space and right-hand side half-space, @ four quadrants of
the space, and 3 eight equal parts of the space each of which radiately revolves around the origin
in the open-triangle shape. Then, the intercepted spaces in each of the above ways correspond to
the following stages conceived in each of the three spatial-cycle paradigmsm shown in Table 1.

@ Two half-space
(i) Left-hand side half-space: Urbanization stage
(i) Right-hand side half-space: Suburbanization stage
@ Four quadrants of the space
(i) Second quadrant:  Accelerating urbanization stage
(i.e., first-half stage of urbanization)
(i) Third quadrant: Decelerating urbanization stage
(i.e., second-half stage of urbanization)
(iii) Fourth quadrant: Accelerating suburbanization stage
(i.e., first half-stage of suburbanization)
(iv) First quadrant: Decelerating suburbanization stage
(i.e., second-half stage of suburbanization)
® Eight equal parts of the space
(i) North-northwestern segment: First-half stage of accelerating urbanization
(ii) West-northwestern segment: Second-half stage of accelerating urbanization
(ili) West-southwestern segment: First-half stage of decelerating urbanization
(iv) South-southwestern segment: Second-half stage of decelerating urbanization
(v) South-southeastern segment: First-half stage of accelerating suburbanization
(vi) East-southeastern segment: Second-half stage of accelerating suburbanization
(vii) East-northeastern segment: First-half stage of decelerating suburbanization
(vii) North-northeastern segment: Second-half stage of decelerating suburbanization
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Table 5 ROXY-index Value and Its Marginal Value for Each Period: For the Chuo-line Region

Period Code 1 2 3 4 5 6 7 8 9 10
Period 1947-1950 [ 1950-1955 {1955-1960 |1960-1965 [1965-1970 |1970-1975 |1975-1980 |1980-1985 [1985-1990 |1990-1995
ROXY 164.57 45.93 23098 -150.12 | -139.02| -117.34 -97.5¢ -55.90 | -107.03 -36.73

AROXY/AT -29.66 -21.73 -19.61 -10.80 3.28 4.15 6.14 -0.95 | 1.92 14.06

[Note] The ROXY-index values in this table have been calculated on the basis of the annual growth ratio.

Figure 4 Wavelike-cyclic Path for the Chuo-line Region
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4-2 Spatial-cycle Stages of the Chuo-line Region

Based on Table 5 and Figures 4 and 5, our empirical results can be interpreted as follows for the

spatial-cycle stages of the Chuo-line regionm.

(1) For the period 1947-50, the value of the ROXY index (®) was 167.57 and its marginal value
(MRI) was —29.66, while ® was 45.93 and MRI is —21.75 for the period 1950-55. This
implies that the spatial-cycle path of the Chuo-line region was at.the stage of decelerating
urbanization for the period from 1947 through 1955.

(2) Between the period 1950-55 (for which @ is 45.93, and MRI is —21.73) and the period 1955-60
(®P=—30.98, MRI=—19.61), the spatial-cycle path of the Chuo-line region moved from the
urbanization stage to the suburbanization stage (more precisely speaking, from the stage of
decelerating urbanization to the stage of accelerating suburbanization).

(3) For the period 1960-65 (®=—150.12, MRI=—~10.80), the spatial-cycle path of the Chuo-line
region remained at the stage of accelerating suburbanization.

(4) Towards the period 1965-70 (®=~139.02, MRI=4.15), the spatial-cycle path of the Chuo-line
region arrived at the stage of decelerating suburbanization.

{5) For the period from 1965 through 1995, ® continued to increase excepting the period 1985-90
(®=107.3, MRI=1.92) for which ® decreased temporarily. This implies that the spatial-cycle
path of the Chuo-line region in general remained at the stage of decelerating suburbanization
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Figure 5 Circular-cyclic Path for the Chuo-line Region
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during the period from 1865 through 1995.

{6) Along the basic spatial-cycle path which we may call the first-order spatial-cycle path, a
small-scale spatial-cycle path emerged centering around the 1980's. This second-order spa-
tial-cycle pathm corresponds to the shallow valley for the ninth period appearing in the wave-
like-cyclic path of the ROXY-index values in Figure 4.

{7) For the period 1990-95 (=~ 36.73, MRI=14.06), the spatial-cycle path of the Chuo-line region
seems to have been approaching to the end of the suburbanization stage (in more concrete
terms, to the end of the stage of decelerating suburbanization), possibly implying that the spa-
tial-cycle path of the Chuo-line region will get into the stage of revived-urbanization in the

near future.

The following three points summarize the aforementioned interpretation of the ROXY-index val-
ues on what the changes in the value of the ROXY-index would tell us about the urbanization and
suburbanization process of the Chuo-line region after 1947.

(1) In the middle of the 1950’s, the urbanization stage was over and the suburbanization stage
began.

(2) In the middle of the 1960’s, the spatial-cycle path got into the stage of the second half of sub-
urbanization from the stage of the first half of suburbanization.

(3) In the middle of 1990's, the suburbanization stage seems to be gradually approaching to its

end, and in consequence of that the revived-urbanization stage appears to arrive relatively
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SOOI

5. Conclusion

By adding to the study of Kawashima and Hiraoka (1993) the recently published 1995 census data
and the 1947, 1950 and 1955 census data for the Chuo-line region, we have in our investigation
obtained more sufficient evidence for the Klaassen's spatial-cycle hypothesis. One of the most
important findings successfully obtained through our investigation is that the Chuo-line region
appears to be continuously approaching the end-stage of decelerating suburbanization, and is
likely to go into the first phase of the stage of accelerating urbanization sooner or later.

This finding would provide us with the policy implications that the necessity is significantly
increasing for the urban investment to the inner zone of the Tokyo metropolitan area along the
Chuo-line region to prepare for the forthcoming revived-urbanization stage which we will face in
the near future, by augmenting the positive effects stemming from the urban agglomeration
economies and by reducing the negative effects stemming from the urban agglomeration disec-

onomies. In conclusion, we have learned the following from the above examinations.

{1) The Klaassen's spatial-cycle hypothesis seems to be working reasonably well to describe the
phenomena of urban changes along the path of urbanization, suburbanization and possibly
future revived-urbanization for the Chuo-line region in the Tokyo metropolitan area.

(2) The ROXY-index method appears to be a useful analytical instrument for obtaining a deeper
insight into the fundamental characteristics of the urban dynamism of the intra-metropolitan
spatial redistribution process of not only population but also other various socio-economic
activities. It should, though, be borne in mind that there is yet room for further improvement
in the ROXY-index approach.

Notes

1) As to the work for defining the FURs of Japan, in the first half of the 1970's, Kawashima
delineated with N. Glickman and A. Okabe the geographical boundaries of the FURs as
Japanese metropolitan areas. They fixed the eighty-five (85) FURs based on the 1970 popu-
lation census data, which would conceptually correspond to the Standard Metropolitan Sta-
tistical Areas (SMSAs) in the U.S.A. See Glickman (1979) for the outcomes of the delin-
eation work of the 1970-version of the FURs in Japan. The set of 1970-version of the FURs
comprises 1,021 administratively defined localities, and has a total population of 74,731,359
which shares 71.4% of the national population of Japan in 1970. The average population of
the 85 FURs was 889,659 in 1970. Using the 1970-version of the FURs as spatial units in his
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2)

3)

4)

5)

6)

7)

investigations, Kawashima conduced a number of studies of both inter-metropolitan and
intra-metropolitan analyses of the dynamic spatial redistribution processes of the socio-eco-
nomic activities. Meanwhile, based on the 1990 population census data, Kawashima et al.
(1993) delineated the geographical boundaries of the 1990-version of the eighty-eight (88)
FURs. This set of the FURs comprises 1,607 administratively defined localities, and has a
total population of 103,635,477 which shares 83.8% of the national population of Japan in
1990. The average population of the 88 FURs was 1,177,676 in 1990. Among the 1990-ver-
sion of the FURs, the Tokyo FUR is the largest in terms of population (30,144,045 in 1995),
and consists of 152 administratively defined localities extending over six adjacent prefec-
tures (Kanagawa, Tokyo, Saitama, Tochigi, Ibaraki and Chiba prefectures), while the 1970-
version of the Tokyo FUR consists of 121 administratively defined localities.

See, for example, Klaassen and Paelinck (1979) and Klaassen et al. (1981).
See Kawashima (1978; pp. 9, 13 and 14).

Kawashima has written more than twenty-five papers on the ROXY index through which he
has developed a series of generalized versions of the Klaassen's original spatial-cycle
hypothesis in order to facilitate research works for both intra-metropolitan and inter-metro-

politan analyses.

Since the original basic concept of the ROXY index was initiated and applied in an empirical
study by Kawashima (1978), the methodological framework of the ROXY-index analysis has
been further developed, and applied in a number of studies to empirically test both original
and generalized versions of the Klaassen's spatial-cycle hypothesis. In parallel with this,
Kawashima and others have made theoretical investigations into the mathematical character-
istics of the ROXY index. See Kawashima (1981, 1982, 1985) as examples of the early works
on the ROXY index. See also, as examples of the recent works on the ROXY-index
approach, Kawashima and Hiraoka (1998, 1999) and Hirvonen, Hiraoka and Kawashima
(1999).

Among the conceivable systems of spatial units are: @ a group of localities composing a
specific metropolitan area, @ a group of all metropolitan areas in a specific country, ® a
group of larger cities in a specific country or in a specific region of the world, and @ a

group of urbanized areas in a spatially extensive region.

In case we use the terms of centralization and decentralization, Table A-5 in the Appendix
should be applied as a substitute for Table 4.

8) The gross growth ratio means the crude growth ratio for a specific period of time before the
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growth ratio is adjusted to the annual growth ratio.

9) For the hypothetical five-year period 1947-52, the estimated five-year growth rate of Shin-
juku-kuis 119.01%.

10) For the hypothetical five-year period 1947-52, the estimated five-year growth rate of Kuni-
tachi-shi is 75.43%.

11) The marginal value of the ROXY index is calculated as follows when we set the notations
- @ (T) for the ROXY-index value for the period T, and MRI(T) for the marginal value of the
ROXY index for the period T :
(i) For the period 1947-50
MRI (1947-50) = { @ (1950-55) — & (1947-50)}/4.0
[Cf. (1950+1955)/2 — (1947+1950)/2 = 82 = 4.0]
(ii) For the period 1950-55
MRI (1950-55) = { @ (1955-60) — & (1947-50)}/9.0
[Cf. (1955+1960)/2 — (1947+1950)/2 = 18/2 = 9.0]
(ifi) For the period 1990-95
MRI (1990-95) = { D (1990-95) — & (1985-90)}/5.0
[Cf. (1990+1995)/2 — (1985+1990)/2 = 10/2 = 5.0]
(iv) For other periods
MRI(T)={®(T+1) — ®(T—1)}/10.0
[Cf. The difference between the mid-point time for @ (T+1) and the mid-point
time for @ (T— 1), is ten years.]

12) The basic framework of the spatial-cycle paradigm with the four major stages has been
arranged under the ideal assumption that the path of the intra-metropolitan urbanization and
suburbanization of population would follow the following four stages cyclically: stages of @
accelerating urbanization, @) decelerating urbanization, 3 accelerating suburbanization, and
@ decelerating suburbanization. The actual situation of the spatial-cycle path may be more
or less deviated from this basic framework. It is therefore suggested that the above frame-
work should not be rigidly applied, but instead should be flexibly interpreted when employed
in the empirical analysis of the spatial-cycle phenomena.

13) It should be noted that in this subsection we discuss, based on the ROXY-index values, the
spatial processes of urbanization and suburbanization in terms of the relative magnitude of
the growth ratio of each locality. That is, as can be seen from Tables 2, 3 and 4, the urban-
ization and suburbanization of the Chuo-line region is discussed in term of relative urbaniza-
tion and suburbanization in the sense that if the growth ratio of population in each inner

locality is in general higher or lower than the growth ratio of population in each outer locali-
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ty, then the Chuo-line region is considered to be at the stage of urbanization or stage of sub-
urbanization respectively.

14) The second-order spatial-cycle path is referred to as spatial curlicuette in Fukatsu (1999) to
symbolize its tiny, curly shape. The phenomena of the spatial curlicuette appearing around
the 1980's may perhaps require us to conceive a new type of the spatial-cycle path which
moves from the stage of decelerating suburbanization directly to the stage of accelerating
suburbanization. This new type of the spatial-cycle path can be in some sense justified by,
for example, the plausible fact that the increasing number of SOHOs (small offices and home
offices) in the modern information-oriented society would result in enriching the locational

attraction of the suburbs, of which in the 1970’s Klaassen was hardly aware.
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Appendix
The following are brief explanations for each of the tables in the Appendix.

Table A-1 lists the member localities and their local codes for the Chuo-line region. This table
shows that the Chuo-line region comprises sixteen (16) localities in total.

Table A-2 shows the airline distance from the central business district (CBD) of the Tokyo FUR
to the center of each locality in the Chuo-line region. More precisely speaking, the
CBD is the location point of the former Tokyo Metropolitan Government Office, while
the center of each locality is the location point of the central public office of that
locality (i.e., city hall, ward office, or town hall). We will call this airline distance the
CBD distance for each locality. Table A-2 also shows, for the year 1947 and for every
five years from 1950 through 1995, the population of each locality in the Chuo-line
region having the population of 2,939,175 in 1995. From this table it can be seen that
the CBD distance for the farthest constituent locality in the Chuo-line region is 55.5km
for Fujino-machi.

Table A-3 shows the gross growth ratio of population for each locality in the Chuo-line region.
For the period 1947-50, this table shows the three-year growth ratio for each locality in
the Chuo-line region. For other periods including the hypothetical five-year period
1947-52, it shows the five-year growth ratio for each locality.

Table A-4 shows the annual growth ratio of population for each locality in the Chuo-line region.

Table A-5 shows, for the terms of centralization and decentralization, the relationships among @
the sign of the ROXY-index value, @ the direction of the changes in the ROXY-index
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value, @ the pattern of the spatial redistribution process of population, and @ the
speed of the spatial redistribution process of population

Appendix

Table A-1 Member Localities Composing the Chuo-iine Region

Code Locality

13102 | Chuo-ku
13101 | Chiyoda-ku
13104 | Shinjuku-ku
13113 | Shibuya-ku
13114 | Nakano-ku
13115 | Suginami-ku
13203 | Musashino-shi
13204 | Mitaka-shi
13210 | Koganei-shi
13206 | Fuchuh-shi
13214 | Kokubunji-shi
13215 | Kunitachi-shi
13202 { Tachikawa-shi
13212 | Hino-shi
13201 | Hachiouji-shi
14424 | Fujino-machi
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Appendix

Table A-5 Implications of ROXY-index Values for Intra-metropolitan

Analysis of Spatial Redistribution Process of Population: For
Terms of Centralization and Decentralization

A B C D
. Speed of spatial
. Pattern of spatial . R
Sign of redistributi (fn lrocess of Direction of changes| redistribution
ROXY-index ution pri in ROX Y-index process of popu-
population within . o
value . values lation within a
a metropolitan area .
metropolitan area
centralization Increasing Accelerating
Positive (or Revived- Levelling-off Stationary
centralization) Decreasing Decelerating
Neutrality from both
centralization and . .
o . . Continuation of
Zero decentralization (viz. Levelling-off .
. neutrality
Symmetric growth
or symmetric decline'")
Decreasing Accelerating
Negative Decentralization Levelling-off Stationary
Increasing Decelerating

[Source] Reconstructed from Kawashima and Hiraoka (1998)

[Note]

The spatial redistribution pattern of the “symmetric growth or symmetric decline” comprises the
following three sub-patterns of BLGD, BSGD and CSGD.

(i)

(i)

(iii)

Balanced growth or decline (BLGD): The fitted growth-rate curve which is a function of
“the distance from the center of the metropolitan area under our investigation to each of
its subareas” (i.e., the subarea’s CBD distance), is nearly flat regardless of their CBD
distance to reflect the constant sharing of population by subareas over time.

Bell-shaped growth or decline (BSGD): The fitted growth-rate curve is bell-shaped,
reflecting the “medianization” of population over subareas in the metropolitan area.

The phenomena of “medianization” means: @ the increase (as compared with other sub-
areas) in population shared by subareas with the medium CBD distance, or @ the
decrease in population shared by subareas with either relatively longer or relatively
shorter CBD distance (but not by subareas with the medium CBD distance).

Cup-shaped growth or decline (CSGD): The fitted growth-rate curve is cup-shaped,
reflecting the “bipolarization” of population over subareas in the metropolitan area.

The phenomena of “bipolarization” means: (D the increase in population shared by sub-
areas with either relatively shorter or relatively longer CBD distance, or  the decrease
in population shared by subareas with the medium CBD distance.
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