
 
 
 
 

 
  

CONFIGURATION ANALYSIS OF URBAN CENTERS USING POLYCENTRISM INDICATORS 
- Urban form changes of Japanese cities in an era of shrinking population part 1- 

 
 

 *  ** 
Akihiro KAWABE and Shun WATANABE 

 
 In Japan, it becomes important to research the aspects of City Shrinkage and other urban form changes that caused by shrinking 
population. Under this condition some new conception and metrics of urban form were discussed and the new configuration analysis 
named “Metropolitan Form Analysis (MFA)” was proposed in Amindarbari et al. (2013). MFA is composed of six newly proposed 
metrics - Coverage, Compactness, Discontinuity, Expandability, Polycentricity and Land-Use Mix - but there is no study on their 
concrete usage in city planning or possibility of applying them to shrinking cities. In this paper the trends of urban form changes of 
Japanese cities were analyzed with Polycentrism Indicators which were acquired through using a metric “Polycentricity” form MFA. 
As the result, the some relationship between city size and Polycentrism Indicators and the some trends of configuration change in 
shrinking city Centers were revealed and several suggestions about possibility of applying MFA were acquired.  
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Terms Description 

Polycentricity 

Metropolitan Form Analysis 6 1

 
One of the six metrics that compose “Metropolitan Form Analysis”, which 
detects the major area about a certain input value (Centers) in the target 
city and quantify how the city are polycentric (Total polycentrism). 

 
Total Polycentrism  

Polycentricity PC
A conception quantifying how the target city are polycentric, which is 
indicated by the total polycentrism indicator “PC”. 

 
Single Polycentrism 
Indicators 

Polycentricity PC
N, Rc, HI 3  

The three indicators (“N”, “Rc” and “HI”) which are used for defining the 
total polycentrism indicator “PC”. 

 
(Polycentricity ) 
Centers 
(Polycentricity Centers)

Polycentricity

 
The major area about a certain input value in the target city detected by 
Polycentricity. It is assumed that the amount of employment (the number of 
employees, day population, etc.) in a unit area is used for the input value.

 
Permanent Population 
Centers 

Polycentricity
RDID Polycentricity

 
The Polycentricity Centers which are detected with permanent population 
as the input value, which represent Relative Densely Inhabited District 
(RDID). It is a unique point of this paper that   permanent population is 
used as the input value instead of the amount of employment. 
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Inputing selected value 

 

 
Selecting input value and unit area for 
detecting Centers. 

 
Extracting high density units 

 
m+2s

m : s :  
Extracting districts whose density is over 
m+2s. (m : mean , s : standard deviation) 

 
Detecting Center candidates 

1  
If the units extracted in  adjoin each other, 
they are unified and detected as a Center 
candidate. 

Excluding unqualified candidates 

n%
 

Excluding candidates whose value size is 
less than n%* of the total input value in 
the target city.  

n = (10 / ) 100    
n = (10 / Total input value in the target city) 100

N
 

Number of Centers extracted in the 
target city.

 

Rc  
Ratio of the total amount of input 
value in all Centers to total input 
value in the whole target area. 

 

HI

0 1

1
 

An index of homogeneity among some 
Centers in the target area, which 
takes a value from 0 to 1. The more 
Centers are homogeneous, the nearer 
the index becomes to 1. If there is a 
single Center in the target city, the 
index can’t be defined.

 
 
 
 
 

N  
Number of extracted Centers 

 
zi i (1…N)

 
Ratio of input value in a certain Center
i (1…N) to the total amount of input 

  value in all Centers

PC
N, Rc, HI  
The product of N, Rc and HI. Total 
polycentrism indicator

PC = N Rc HI  
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2002 12 2010 Metropolitan 
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Area (natural logarithm) 0.637** 1 

N 
Number of Centers : N 0.469** 0.264* 1 

Rc 
Ratio of Centers in total 
input value : Rc 

-0.260* 0.349** -0.126 1  
HI 

Homogeneity Index : HI -0.417** -0.578** 0.226* -0.388** 1 
PC 

Total polycentrism 
indicator : PC 

-0.119 0.026 0.707** 0.260* 0.485** 
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logarithm) 
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(natural 
logarithm)

 
N 

Number of 
Centers 
 : N 

 
Rc

Ratio of Centers 
in total input 
value : Rc 

 
HI

Homogeneity
Index : HI 
 

Number of samples = 94 
** Significant at 1% level (two-sided)  * Significant at 5% level (two-sided) 
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Polycentricity DID

DID

Polycentricity
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DID

 
 

 
DID

Densely Inhabited District 
Polycentricity
Polycentricity Centers (permanent population) 

Density 
restriction

4000( /km)
Extracting districts whose 
person density is over 4000 
persons/ . 

:m :s
m+2s  (*1) 
Extracting districts whose density is over m+2s. 
(m : mean of density, s : standerd diviation) 

Size 
restriction

5000( )
Excluding continuous districts 
whose population size is less 
than 5000. 

n%
 (*2) 

Excluding continuous districts whose size is less 
than n% of the total permanent population. 

*1 s  
   Depending on the kind of input value, 
   coefficient of s can be changed.  

*2 
 n = (10 / ) 100 
 n = (10/ total permanent population) 100

Polycentricity
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3
1 4 2
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 Name 

Number 
of Cities

 
(Percent

age)

 
Image of each cluster 

 
 

Permanent 
Population 
Centers 
 

 
Center’s Shrinkage 
Area 

Description 

 C
luster1

 
Largest Center 

Shrinkage 

22
 

(28.2%)

HI
N

 
The cluster of the cities in which 
the largest Center mainly 
shrank. An increase in HI and 
unchanging N was seen in almost 
all of cities in this cluster. 

 C
luster2

 
 

 
Sub-Center 
Shrinkage 

6 
 

(7.7%)

HI
N

 
The cluster of the cities in which 
the Sub-Centers mainly shrank. 
A significant decrease in HI and 
unchanging N were seen in all of 
cities in this cluster. 

 C
luster3 

 
 

 
Smallest Center 

Dissipation  
 (Retention of 
Homogeneity) 

15
 

(19.2%)

   

 
 
The cluster of the cities in which 
the smallest Center vanished 
without a remarkable decrease in 
HI. The vanished Center was 
often considerably smaller than 
others or the other Centers were 
so homogeneous

 C
luster4 

 
 

 
Smallest Center
 Dissipation  

(Drastic Decrease 
in Homogeneity)

6 
 

(7.7%)

H17

 
 
The cluster of the cities in which 
the smallest Center vanished and 
a significant decrease in HI 
occurred. Almost all of cities in 
this clusters had the composition 
of one primal Center and two 
smaller Sub-Centers in 2005.

 C
luster5

 
Largest Center 

Division 

5 
 

(6.4%)

N
HI

 
 
The cluster of the cities in which 
the largest Center split into 
smaller Centers. An increase in N 
and remarkable increase in HI 
were often seen in this cluster

 C
luster6

 
 

Extensive 
Shrinkage in Small 

Cities 

5 
 

(6.4%)

Rc
 

 
The cluster of the small cities in 
which too extensive area for its 
Center’s area was shrunk. As 
compared with other cluster, 
decreasing in Rc was extreme.

 C
luster7 

 
Small Area 
Shrinkage 

19
 

(24.4%)

 
 
The cluster of the cities in which 
Center’s area shrinkage was 
much smaller than other cluster 
and there were less changes in 
the three indicators.
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1  

 
Cluster1: Largest Center 

Shrinkage 
 

 
 

e.g.: Fujioka City, Gunma 
Pref. 

2  
 

Cluster2: Sub-Center 
Shrinkage 

 

 
 

e.g.: Osaki City, Miyagi Pref. 

3 1
 

Cluster3 : Smallest Center 
Dissipation  

(Retention of Homogeneity)

 
 

e.g.: Kazo City, Saitama Pref.

4 2 
 

Cluster4 : Smallest Center 
Dissipation  

(Drastic Decrease in 
Homogeneity) 

 
 

e.g.: Mitake Town, Gifu Pref. 

5  
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Division 

 
 

 
 

e.g.: Moka City, Tochigi Pref. 

6
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Shrinkage in Small Cities

 
 

 
 

e.g.: Iide Town, Yamagata 
Pref.

7  
Cluster7 : Small Area 

Shrinkage 

 
 

e.g.: Shimada City, Shizuoka 
Pref.  

MFA Polycentricity
 

)
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7
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Polycentricity

Polycentricity

 
Polycentricity

RDID Relative Densely 
Inhabited District DID

RDID

RDID

 
 

MFA Polycentricity
 

Polycentricity

 
RDID

RDID
 

DID RDID

類型 1：最大中心核縮小型

Cluster1: Largest Center 
Shrinkage

例：群馬県藤岡市
e.g.: Fujioka City, Gunma 

Pref.

類型 2：サブセンター縮小型

Cluster2: Sub-Center 
Shrinkage

例：宮城県大崎市
e.g.: Osaki City, Miyagi Pref.

類型 3：最小中心核消失型 1
（均質性保持）

Cluster3 : Smallest Center 
Dissipation Ⅰ

(Retention of Homogeneity)

例：埼玉県加須市
e.g.: Kazo City, Saitama Pref.

類型 4：最小中心核消失型 2
（均質性大幅低下）

Cluster4 : Smallest Center 
Dissipation Ⅱ

(Drastic Decrease in 
Homogeneity)

例：岐阜県御嵩町
e.g.: Mitake Town, Gifu Pref.

類型 5：最大中心核分裂型

Cluster5 : Largest Center 
Division

例：栃木県真岡市
e.g.: Moka City, Tochigi Pref.

類型 6：小市町村における
大規模縮小型

Cluster6 : Extensive 
Shrinkage in Small Cities

例：山形県飯豊町
e.g.: Iide Town, Yamagata 

Pref.
類型 7：小規模面積縮小型

Cluster7 : Small Area 
Shrinkage

例：静岡県島田市
e.g.: Shimada City, Shizuoka 

Pref.

Fig.6 Examples of shrinking Centers in each cluster
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In Japan, it becomes important to research the aspects of City Shrinkage and other urban form changes that 

caused by shrinking population. In this paper, the trends of urban form changes of Japanese cities were analyzed 
with Polycentrism Indicators which were acquired using “Polycentricity” which is one of the new configuration 
analysis named “Metropolitan Form Analysis (MFA)” proposed in Amindarbari et al. (2013). As the result, some 
suggestions about trends of Polycentricity and shrinking Centers in Japanese cities were acquired as follows.  

1.  As the population size of employees in the whole Metropolitan Employment Area comes large, urban Centers 
defined by the number of employees tend to be numerous, have low homogeneity, and have less dominance in a rate of 
employee population. And as the area size of Metropolitan Employment Area comes large, urban Centers defined by 
the number of employees tend to have high homogeneity and have more dominance in a rate of employee population. 

2.  Applying Polycentricity from MFA with permanent population, “Relative Densely Inhabited District” (RDID) is 
able to be defined and it can be carried out to analyze trends of urban Centers changes in situations of City Shrinkage 
in small cities that have less DID. Additionally, using the changes of Polycentrism Indicators (N, Rc, HI) between 
2005 and 2010, the shape changes of RDID with its shrinkage in relatively smaller cities are can be classified into 7 
clusters in table 5. 

3.  Classifying the shrinking cities into the 7 clusters, it became revealed that the percentage of cities that most 
large Center shrank and became homogeneous was relatively high in analyzed 78 cities. In the same way, the cities 
whose most small Centers disappeared had high percentage. On the other hand, it was detected that several cities 
were shrinking with these most large Centers split. 
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