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Abstract 

This study attempts to develop a method to understand situations of com-

pact city, re-urbanization, and sprawl in all major Japanese cities using 

building geo big data and national census data for the whole of Japan. In 

this study we first developed a 500m square grid (TGD) that can monitor 

the time-series transition of the resident population, employees, building 

area, and building volume to the aggregation of building geo big data, 

population census, and economic census by grid polygons. Second, re-

gional characteristics of mass grids were evaluated by x-means clustering 

based on the attributes of each grid. Finally, the development status of ur-

banization promotion areas (UPA) and urbanization control areas (UCA) 

in Japanese 744 cities were elucidated by integration of TGD with the 

UPA and UCA polygon data. The situations of compact city, re-

urbanization, and sprawl of all 744 cities can be monitored by combing the 

UPA and UCA development statuses. 
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1 Introduction 

1.1 History of Japanese city after World War II 

Suburban expansion of Japanese cities has occurred consistently in periods 

of high economic growth such as the 1960’s after World War II and during 

the economic bubble of the early 1990’s. After WWII, many Japanese cit-

ies were modernized and planned according to the constitution of the Spe-

cial city planning law for war-damage reconstruction (Hein et al. 2003; 

Koshizawa 2005).  

The regulation of urban sprawl was one of the most important problems 

in urban planning in Japan before the war and it was included in the recon-

struction planning after the war. However, in the period of high economic 

growth that followed the postwar reconstruction, these regulations failed to 

function properly in Tokyo and in many local cities because of mass popu-

lation flow from agricultural areas to cities (Hebbert 1986; Yamada et al. 

1995). In particular, in provincial cities where the transportation network 

was not well developed, roadside shop clusters appeared and resident areas 

sprawled around them due to motorization. On the other hand, the old city 

centers became hollowed out, as they did not react sufficiently to the new-

ly motorized society. These trends reached a peak in the early 1990s cou-

pled with a sudden rise in real estate values and the development of resort 

areas. 

In addition, many large-scale commercial facilities were rapidly con-

structed in suburbs throughout Japan due to a relaxation of regulations on 

large-scale commercial development facilities due to a revision of the 

Large-scale Retail Store Law of Japan in 2000 (Matsuura and Motohashi 

2006). Such facilities fulfilled all the functions previously delivered by 

shopping streets and districts in city centers, and huge parking lots were 

built in response to the motorized society (Perrigot and Cliquet 2006).  

Therefore, the hollowing of city centers increasingly occurred as cus-

tomers flowed to the suburbs from shopping streets in the city centers. 

These phenomena continue to be observed today even though Japan has a 

decreasing population.  
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1.2 Japanese Urban policies in a depopulating society 

Many Japanese cities are attempting to implement urban planning aimed at 

realizing compact cities that suppress suburbanization and promote re-

urbanization. The concept of a compact city is to regenerate communities 

and provide a comfortable city to live in to set the sphere of life into a 

walking sphere by the suppression of suburbanization and urban sprawl 

and keep the urban area as small as possible (Frans and Michael 2004). 

Disorganized suburbanization is also questionable from the viewpoint of 

sustainability of local communities and environmental protection. In addi-

tion, urban sprawl causes an increase in the fiscal burden due to deteriora-

tion in the efficiency of public investment, including roads and water sup-

ply, and sewerage systems. 

Since 2005, when the Japanese population began to decrease, there has 

been a demand to shrink cities while maintaining the citizen’s quality of 

life (Brumann and Schulz 2012). Therefore, it is important in present-day 

Japan to realize a method of monitoring policy effects of local Japanese 

governments on compact cities, both quantitatively and spatially. 

1.3 Evaluations of a compact city and their problems 

Many previous studies have attempted to understand and evaluate compact 

city policies in Japan. For example, Kotani and Abe (2013) evaluated the 

compact city concept in two Japanese local cities: Kobe city and Toyama 

city using 13 OECD indicators. In addition, Takeda et al. (2011) evaluated 

and compared the concept in densely inhabited districts in more Japanese 

cities using their own evaluation index. Similar studies have been carried 

out to evaluate the concept in cities and other areas of other countries 

(Burton 2000; Thinh 2002; Abdullahi et al. 2015). However, many of these 

studies only evaluated and compared cities using aggregated results by city 

units in cases of a national scale. Time-series transition of urban areas and 

their suburbs occur spatial-continuously and they are not homogeneous 

even for one specific city. Higher resolution evaluation is required as well 

as finding areas with problems in realizing the compact city. Nakamichi et 

al. (2004) pointed out the reasons why available data are not aggregated 

into municipalities or city blocks and why high-resolution analysis and 

generalization of the method are difficult. If analytical cities are limited, 

detailed analyses could be performed using more indexes than our paper 
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(Sanada et al. 2002; Ikeda et al. 2004). However, it was difficult to collect 

evaluation index data in these studies. 

1.4 Our approach to this problem 

This study aims to develop data to have the ability to monitor the transition 

of regional characteristics quantitatively, spatially, and temporally 

throughout Japan and examine a method to understand the generation sta-

tus of a compact city, re-urbanization, and suburban sprawl. We also aim 

to achieve results which will contribute to the development of policies that 

promote the compact city concept. 

First, this study developed a 500m square grid of data to be able to mon-

itor time-series transitions of the total number of resident population, em-

ployees, building area, and building volume covering all areas of Japan. 

The time-series transition of this data is between 2005 and 2010 when it is 

expected that provincial cities changed to increasingly compact cities. 

Second, a method is realized to find areas with re-urbanization or sprawl 

using the definition of regional characteristics of each grid based on these 

time-series transitions. Finally, we attempt to evaluate the compact city, re-

urbanization, and suburban sprawl in several Japanese cities to integrate 

this data with Japanese city area data spatially and classify them into some 

areas. 

2 Development of time-series grid data 

The data referred to as ‘Time-series Grid Data (TGD)” in this paper devel-

oped a 500m square grid data throughout Japan to understand time-series 

transitions of the resident population, employees, building area, and build-

ing volume between 2005 and 2010. Resident population can be used as an 

index of residential area and the employees is an index of commercial and 

business districts. In addition, the rate of change of these two indices also 

can be monitored. On the other hand, time-series changes of building area 

and volume are indices of tangible development. 

800 to 900 thousand new residential housing units are constructed every 

year in Japan even though the resident population is currently decreasing 

(Nagashima 2014). At the same time, the estimated number of empty 

houses in 2008 was about 7.6 million (Statistics Bureau of MIC (SBMIC) 

2008). TGD can find areas with these inconsistencies. 
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2.1 Grid data development of the resident population and the 

employees 

The resident population data were collected from the Japanese Population 

Census in 2005 and 2010 (SBMIC 2010). The Population Census was ag-

gregated by grid square polygons. The aggregating unit of this census is 

approximately 1km and 500m square grids. This study used the population 

census aggregated by approximately 500m square grids, with a difference 

in latitude of 15’’ and longitude of 22.5’’. 

The employees data were collected from the Japanese Economic Census 

in 2006 and 2009 (SBMIC 2009). This census was also aggregated by ap-

proximately 500m square grids, similar to the Population Census. 

Increase/decrease rates of each type of data were calculated to divide the 

new values from 2009 / 2010 by the old values from 2005 / 2006. In addi-

tion, dummy variables of “new settled” and “unsettled” were calculated. If 

the old value is 0, the dummy variable of new settled is 1 and if the new 

value is 0, the dummy variable of unsettled is 1. The reason why we used 

these dummy variables is that new settled is the meaningful value for eval-

uation of sprawl and unsettled is the values for evaluation of compact city. 

2.2 Grid data development of building area and volume 

This study developed building polygon data covering all areas of Japan us-

ing a detailed digital map called the “Residential Map” from 2004 and 

2009 published by Zenrin Co., Ltd. The residential map contains layer rec-

orded building polygons with information such as the floor and the name 

on the door. This geo big data recorded approximately 60 million buildings 

throughout Japan. In addition, it was confirmed that the reliability of this 

data is sufficiently high because the map is developed by field investiga-

tions by many investigators (Akiyama et al. 2008). 

First, the building area and volume of all building polygons were calcu-

lated. The building volume of each building was calculated by multiplying 

the area by number of floors. Second, these polygons were divided by 

500m square grids. Finally, the total number of building areas and volumes 

for each grid in each year were calculated and their increase/decrease rates 

were also calculated. In addition, dummy variables were defined in a simi-

lar manner to the population data. The dummy variable for “new develop-

ment” is 1 if the old value is 0, and the dummy variable of “cleared land” 

is 1 if new value is 0. 
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2.3 Time-series transitions of the resident population, employees, 

and buildings in Japan between 2005 and 2010 

Fig. 1 shows the results of the analysis. Resident population in 120,419 

grids i.e. approximately 22% of the total number of grids (528,881 grids) 

increased by over 10%. Many of these areas were located in suburbs of 

provincial cities and city centers of metropolitan cities, e.g. Tokyo and 

Osaka. On the other hand, resident population decreased by over 10% in 

193,853 grids (approx. 35%). Many of these areas were located in the cen-

ter of provincial cities and depopulated areas such as mountainous regions. 

The employees increased by over 10% in 167,119 grids (approx. 32%). 

Many of these areas were located in suburbs in relatively large cities. On 

the other hand, the employees decreased by over 10% in 125,334 grids 

(approx. 24%). Many of these areas were located in provincial cities and 

depopulated areas. 

The building area increased by over 10% in 159,554 grids (approx. 

30%). Many of these areas were located in suburbs of not only metropoli-

tan but also provincial cities. On the other hand, building area decreased 

by over 10% in 80,072 girds (approx. 15%), mainly in mountainous areas 

and in the center of large cities. These areas were located in the center of 

large cities because of road widening and the development of green spaces 

in accordance with verticalization (that is, the redevelopment of older 

dense cities consisting of low-rise buildings). Actually, areas with an in-

crease in building volume and a decrease of building area were located in 

center of Tokyo. 

Areas with an increase in building areas were found even though the 

resident population or employees decreased through a combination of 

these results.  As shown in Fig. 2, such areas are located in the suburbs of 

large-scale cities in all regions. The same tendency was seen in other cities 

throughout Japan. 

3 Regional classification of time-series grid data (TGD) 

This chapter defines the regional characteristics of all grids in TGD by 

cluster classification based on the attributes of each grid. The following at-

tribute values were used for the cluster classification. 

1. Resident population in 2005 and 2010, dummy variables of new settled 

and unsettled, and increase/decrease rate 

2. Employees in 2006 and 2009, dummy variables of new settled and un-

settled, and increase/decrease rate 

CUPUM 2015 Akiyama & Shibasaki 295-6



3. Building area and volume in 2004 and 2009, dummy variables of new 

development and cleared land, and increase/decrease rate 

The attributes were normalized by Equation 1. 

minmax

min

vv

vv
nv i

i



                                                      (1) 

where vi is value of grid i before normalization, vmin is the minimum value 

of v, vmax is the maximum value of v, and nvi is the normalized value of 

grid i. 

Almost all increase/decrease rates are in the range from 0 to 2 and the 

dummy variables are either 0 or 1. On the other hand, the range of resident 

population is, for example, from 0 to 13,390. This range deviates substan-

tially from increase/decrease rates and dummy valuables. Therefore, the 

ranges of all attributes were normalized to between 0 and 1 by Equation 1. 

Furthermore, multiple dimensions can be reduced into one new dimen-

sion by multidimensional scaling or principal component analysis 

(Kamishima 2003; Berkhin 2006). However, this study did not reduce di-

mensions to understand meaning of each cluster.  
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Fig. 1 Time-series transitions of resident population, employees, and building area in Japan be-

tween 2005 and 2010 aggregated by 500m square grids 
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Fig. 2 Distribution of areas with an increase in building areas even though resident population or 

employees decreased in Japan between 2005 and 2010 aggregated by 500m square grids 

3.1 Method of classification 

Many types of cluster classification exist. Initially, we planned to adopt 

one of the nonhierarchical cluster analytical methods by the k-means 

method that performs excellent processing on multi-dimensional large-

scale data. The k-means method is an algorithm to find centroids of similar 

observation points. This is a relatively common method of multidimen-

sional clustering proposed by MacQueen (1967). 

However, the disadvantage of this method is the requirement of specify-

ing the number of clusters at the input stage of performing the analysis. In 

our study, it is impossible to specify the optimum number of clusters at the 

input stage, thus adopting this method is difficult. Therefore, this study 

adopted the x-means method proposed by Pelleg and Moore (2000) that 

expanded the k-means method and classified all grids throughout Japan in-

to 13 kinds of clusters. In addition, we performed 1000 times x-means pro-

cessing and adopt the mode number of cluster i.e. 13 because numbers of 

cluster were not constant in each x-means processing. Finally, clusters 

were given new numbers of clusters close to numbers of similar clusters by 
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renumbering. Fig. 3 shows the distributions of all dimensional values con-

stituting each cluster. In addition, Table 1 shows the regional characteris-

tics of each cluster defined based on the results of Fig. 3. 

 

Fig. 3 Distributions of all dimensional values constituting each cluster in the boxplot 
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3.2 Urban transition of Japan between 2005 and 2010 by the result 

of regional classification 

Fig. 4 shows the results of regional classification in the city centers of To-

kyo, Toyama, Aomori, Nikko, and Osaka. The results show that Toyama 

city where the compact city concept was addressed and in 2007 the 

“Downtown Basic Revitalization Plan” that was designed by the Japanese 

Cabinet Office to revitalize the city center accomplished the goal of main-

taining the city center and associated high density. In addition, there were 

few developments in suburbs of Toyama city without southwest areas. 

There were also the same tendencies in Aomori city that addressed the 

same plan in the same year. However there was no densification in the city 

center and little expansion of the suburbs. 

On the other hand, Nikko city is an example of another provincial city 

that designed their plan after 2010. In Nikko city where the plan was de-

signed after 2011, there were small areas with cluster numbers of 1, 2, and 

3, i.e. high density urban areas. This indicates that there are very few areas 

constructed in the city core that are judged to be the city center. In addi-

tion, Nikko city was found to be suburbanizing because areas existed 

where cluster numbers were 5 and 10 even though the population of Nikko 

city decreased from about 94 to 90 thousand between 2005 and 2010. The 

development of new residential areas, roads, and large-scale commercial 

facilities was confirmed by overlaying past digital maps and satellite im-

ages using Google Earth®. 

In the city center of Tokyo, some areas with a cluster number of 5 were 

found, i.e. low density areas under development. These are areas where old 

high-density urban areas with low story buildings that were being redevel-

oped. An example of such an area is around Tokyo terminal. Actually, 

there were large-scale redevelopments and verticalization between 2005 

and 2010. Osaka also showed the same tendency. 

Consequently, an understanding of time-series regional transition 

throughout Japan with 500m square grid units was accomplished by col-

lection and aggregation of existing census data, building data and cluster 

analysis.  
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4 Monitoring of compact city, re-urbanization, and 
sprawl by integration of time-series grid data (TGD) and 
city area data 

Under the City Planning Act of Japan, major cities must set “Urbanization 

promotion areas (UPA)” and “Urbanization control areas (UCA)” as city 

planning area. This Act states that “UPA shall be those areas where urban 

areas have already formed and those areas where urbanization should be 

implemented preferentially and in a well-planned manner within approxi-

mately the next 10 years”, and “UCA  
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Fig. 4 Urban transition between 2005 and 2010 using regional classification in Tokyo, Toyama, 

Nikko, Aomori, and Osaka.  

 

shall be those areas where urbanization should be controlled”. Urban fa-

cilities at least loads, parks and sewage systems are developed intensively 

in UPA. In addition, developments focusing on the land surface were also 

implemented by Land readjustment projects and urban redevelopment pro-

jects. On the other hand, development and building construction were con-

trolled in UCA as areas where superior natural environments should be 

protected. By division of city planning area into UPA and UCA, it is ex-

pected to restrict the chaotic expansion of urban areas, to develop public 

facilities e.g. roads and sewage systems effectively, and to realize deliber-

ate city planning. However, UCA could be developed because new build-

ings can be constructed in UCA to satisfy some licensing standards e.g. 

building location, situation of adjacent roads, building use and so on. In 

addition, whole area is designed as UPA in wards of large cities e.g. To-

kyo, Osaka and Nagoya and so on. On the other hand, only city planning 

area is designed without any division into UPA and UCA in local small 

cities.  

In other words, cities where UPA were maintained or densified and the 

development of UCA was controlled were developing toward a compact 

city. 

Therefore, this chapter proposes a method to reveal whether each city 

was developed into a compact city and to monitor re-urbanization and 

sprawl of each city by paying attention to the composition ratio of regional 

characteristics of TGD in UPA and UCA. 
 

4.1 Classification of UPA and UCA 

First, we collected polygon data of UPA and UCA throughout Japan using 

the City Area Data provided by the digital national land information (Na-

tional Spatial Planning and Regional Policy Bureau, MLIT 2011). Fur-

thermore, these polygons were divided into each municipality unit using 

Japanese municipality polygons. 

Second, grids of TGD on UPA and PCA polygons were extracted using 

spatial search. As a result, 56,128 grids from UPA and 99,771 grids from 

UCA were extracted. 

Third, 13 composition ratios of regional characteristics by TGD were 

calculated to tally the numbers of each kind of grid in each UPA and UCA. 
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Finally, all UPA and UCA were classified by x-means clustering based 

on the composition ratios of 13 kinds of classification. As a result, UPA 

and UCA were classified into 5 types and 4 types of area, respectively. 

Fig. 5 shows details of these classifications. 

4.2 Results of UPA and UCA classifications 

UPA were classified into 5 types of area. Cluster 1 is when all factors (res-

ident population, employees, and buildings) were highly-dense and tended 

to be increasing. This is the ideal type of UPA as a compact city. However, 

UPA of this type were located only in metropolitan cities, e.g. Tokyo, 

Osaka and Sapporo . They were not located in provincial cities. Cluster 2 

consists of relatively highly-dense residential areas, although all factors 

were less than those in Cluster 1 and tended to be maintained or decrease. 

Cluster 3 consists of medium-dense cities under development and it is ex-

pected that  they will  transmute into Cluster  2.  Cluster  4 is 
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Fig. 5 Details of cluster constitution and results of classification of UPA and UCA 
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lower density than Cluster 2 although it is similar to Cluster 2. Cluster 5 is 

much lower density than Cluster 4. Therefore, the smaller the cluster num-

ber is, the higher the density, and UPA for becoming compact cities. 

On the other hand, UCA were classified into 4 types of area. Cluster 1 

represents that all factors were small and tended to decrease. Cluster 2 had 

more population and buildings than Cluster 1 although it is similar to Clus-

ter 1. All factors in Cluster 3 were small, however all factors tended to in-

crease, i.e. UCA were developing. Cluster 4 consists of more developed 

areas than Cluster 3 and was not developing or reducing. Therefore, the 

smaller cluster number is, the less developed the UCA was and the better 

the control of the UCA. 

5 Discussion 

Table 2 shows the results of mapping 744 cities to design UPA and UCA 

based on each cluster number. In addition, Fig. 6 shows the clustering re-

sults of UPA and UCA in major metropolitan areas. The problems relating 

to the development of the compact city nature of each city are given in Ta-

ble 2. 

Upper right cities in Table 2 controlled UPA and UCA well. It is be-

lieved that these cities should maintain current policies. Wards constituting 

metropolitan cities with relatively large neighboring cities are principally 

located here. Toyama city in Fig. 4 is also located here. 

Upper left cities are developed as not only UPA but also UCA. Addi-

tional controls of UCA are required in these cities. Many provincial pre-

fectural capitals and core cities are located here. 

On the other hand, lower right cities are neither developed UCA nor 

UPA. This indicates that the development of compact cities was finished. 

However, from the other perspective, developments slump throughout ur-

ban areas. Relatively small cities and towns are located here. Aomori city 

in Fig. 4 is also located here. 

Lower left cities are in the most serious situation. UPA and UCA of 

these locations are not controlled according to intentions for compact cit-

ies. In other words, it seems that the hollowing of city centers is promoted 

simultaneously with suburban sprawl. Many provincial small cities are lo-

cated here, even prefectural capitals, e.g. Gifu city, Kochi city, and Tottori 

city. The population of many small cities located here has started to de-

crease. Control of UCA is desired, in particular, because there is a possibil-

ity that maintenance of once developed suburban areas will become finan-

cial burdens for local governments without adequate financial resources. 
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The results show that it is believed that promotional policies for com-

pact cities by the Japanese government did achieve some positive results. 

However, the hollowing of city centers and suburban sprawl does progress 

simultaneously, especially in many provincial small cities. Looking for-

ward, prompt promotions of policy for compact cities are necessary in 

these types of city. On the other hand, such cities in a serious situation can 

look to cities of a similar urban scale and geographical condition that pro-

mote the compact city well from Table 2. Therefore, our result is fruitful 

for referring to compact city policies. 
 

Table 2 Mapping results of 744 cities to design UPA and UCA based on each cluster number 
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Fig. 6 Clustering results of UPA and UCA in major metropolitan areas 
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6 Conclusions 

This study developed grid data to monitor time-series land transition quan-

titatively throughout Japan. In addition, a method was developed to decide 

the regional characteristics of each grid by x-means clustering. Moreover, 

situations of compact city, re-urbanization, and suburban sprawl of all Jap-

anese cities can be monitored to integrate the grid data with city area data. 

It is expected that the results of this study support the development of poli-

cies promoting a compact city and its evaluation for Japanese and local 

governments. This study is a new approach in the field of urban planning 

and management because there are few studies to monitor and visualize the 

time-series transition of Japan using geo big data and to show supportive 

possibilities for concrete urban policies of compact cities. 

Future work includes the development of an optimal clustering method 

by comparing various clustering methods. Consideration of extending the 

method for multi-time-series analysis is in preparation for the release of 

the Japanese population census in 2015. Moreover, this method can be ap-

plied in other countries if the same types of source data can be obtained. 

Therefore, we intend to apply our method in other countries in the future. 
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