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ABSTRACT 

Faced with the unprecedented nationwide depopulation in Japan, a major 

concern with the recently extended Shinkansen has been the trade-off between 

the benefits of expanding the network to the remote regions against the huge 

investment. An appropriate land development planning around a Shinkansen 

station has been proved to have a significant positive impact on the economic 

development in the station area and the station city. This study aimed to 

systematically summarize the land development patterns around existing 

Shinkansen Stations, explicitly reveal the trend of the current land use situation 

and dynamic transformation situation of Shinkansen station areas, which will 

help better understand the current issues thus providing reference to urban 

planners and policymakers of cities whose Shinkansen station is under 

construction or currently planned. 

To identify the land development patterns of the existing Shinkansen station 

areas, this study started with developing a land-use pattern comparison method 

based on image matching algorithms. In contrast to previous land-use pattern 

comparison approaches which are on the basis of certain aspects of quantifiable 

land-use pattern feature, the image matching approach treats land-use maps as 

images in which the feature value of each pixel represents the land-use category 

of the corresponding land-use cell, and then applies image smoothing as a feature 

extractor to integratively characterize the compositional and configurational 

features of a land-use map with a land-use pattern feature descriptor. The 

similarity between the land-use patterns can be calculated by the similarity of the 

land-use feature descriptors. In this way, the image matching approach allows us 

to identify both the compositional and configurational features of the land-use 

patterns, and consider not only the overall trend throughout the study area but 

also reflect the relationship between each individual land-use cell and its 

neighbors. Besides, it provides a quantitative measure for the similarity level 

between land-use patterns that can be converted to distances for further 

processing in the clustering. The algorithm of the proposed land-use pattern 



Abstract    

 

  XII 
 

comparison method was explained and validated in Chapter 2, then it was 

applied to analyze the land development patterns of Shinkansen station areas. 

Specifically, the Shinkansen station area was defined as the 1000-meter radius 

range around a Shinkansen station, and the 400-meter radius range around a 

Shinkansen station was identified as the core station area. For the 1000-meter 

radius range area, we employed the land-use pattern feature-based comparison 

method proposed in Chapter 2 to classify the land-use patterns of 91 existing 

Shinkansen station areas into 6 types, and identified the trend of the land-use 

patterns in station areas of cities with different population scales. Then we 

applied the proposed method to identify the changes of land-use patterns of 

Shinkansen station areas between 2009 and 2016, thereby, the land use 

transformation situation of Shinkansen station areas and the location trend of the 

changes were clarified. 

As to the 400-meter core station area, we considered it as a spatial indifference 

zone and focused on the urban functional composition of land uses in these areas. 

In Chapter 5, based on 16 variables which reflect the development situation of 

residential, commercial, business and amenity facilities in the core station areas, 

we classified the urban functional composition situation of the core station areas 

around existing Shinkansen stations  into 6 groups, and discussed the 

relationship between the functional composition features of a core station area 

and the location condition of the station. Besides, Chapter 5 also analyzed the 

functional transformation situation in the existing core Shinkansen station areas. 

Accordingly, this study provided a comprehensive and systematic insight into 

the trend of land development situation and the dynamic land use 

transformation situation Shinkansen station areas.  

 

Key words:  

Shinkansen, HSR, Land Use, Land-use Transformation, Spatial Pattern Comparison, 

Image Similarity 
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Chapter 1  

INTRODUCTION 

 1.1 Background 

 

1.1.1 The Significant Impacts of The Shinkansen High-Speed Rail (HSR) 

Network on The Regional and Urban Development 

The development of the Japanese High-Speed Rail (HSR) system, which is 

considered as one of the most significant technological breakthroughs in the 

second half of the 20th century, has brought tremendous influence on Japanese 

society and national economies. [1] The first Shinkansen HSR line between Tokyo 

and Osaka, the Tokaido Shinkansen, was officially opened for commercial 

operation in 1964. It has shortened the travel time between these two cities from 

8 hours on a conventional train to less than 4 hours. The operation of the Tokaido 

Shinkansen has not only successfully increased the capacity of the conventional 

Tokaido Line, but has also increased the business communication between Tokyo 

and Osaka, encouraged tourism along the line, and promoted regional 

development. Since then, the broad socio-economic impact of the Shinkansen 

HSR system on regional and urban development has attracted consistent 

worldwide attention.[2] 

As a high-speed, mass-transit railway system, the Shinkansen has not only 

played an important role in intercity transportation in Japan but has also been 
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considered as a key to correct the regional imbalance. Researchers suggested that 

the Tokaido Shinkansen has significantly accelerated the growth of the major 

cities on the line and has also speeded up the transformation of the corridor into 

a huge megalopolis. [3] However, simultaneously with the development of the 

Tokaido Shinkansen, the rapid economic growth from the latter half of the 1950s 

was accompanied by the excessive concentration of population and industries in 

the major cities, and population loss and economic activity decreasing in rural 

and outlying areas. The success of the Tokaido Shinkansen has made the Japanese 

government believe that a high-speed link such as the Shinkansen HSR system 

can strengthen interregional communication and can effectively disperse the 

economic activity or population from the developed regions to intermediate 

regions along the line, thus releasing the social strain and promote the regional 

balancing. [3,4] Therefore, the Japanese government approved the Nationwide 

Shinkansen Railway Construction Act in 1970 to expand the Shinkansen network 

nationwide. Since then, the Shinkansen HSR network has been continuously 

expanding. Up to now, the Shinkansen network has expanded to 92 stations*¹⁾, 

connecting the southernmost city of the Kyushu island - Kagoshima to the 

Northernmost island - Hokkaido. Besides, the Hokkaido Shinkansen, Hokuriku 

Shinkansen, Nagasaki section of Kyushu Shinkansen, and the Linear Chuo 

Shinkansen are under construction, the Shinkansen network is going to connect 

more cities. (Fig. 1-1) 

However, the expansion of the Shinkansen network has not always been 

progressing smoothly. Fig.1-2 summarized the number of newly opened 

Shinkansen stations at different times. As the post-war economic recovery has 

subsided, as the national economy and personal incomes have grown, and as 

economic concerns have been replaced by the pursuit of quality of life, the 

extension of the Shinkansen network encountered resistance in some regions and 

complaints about noise on existing lines. [3,5] In some areas, the planning of new 

stations was frustrated by protracted land acquisition issues, the expansion of the 

Shinkansen network did not make progress smoothly as planned. Besides, with 

the expansion of the Shinkansen network, the sparsely populated areas did not 

have enough travel demands, the unprofitable railways showed up in rural areas 

aggravated the financial burden of the national railways (JNR) company and 
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finally led to the privatization of JNR at the end of the 1980s. The national 

planning of the nationwide Shinkansen network was set aside for a time. [6]  

In addition, with the Shinkansen network extending to rural and outlying 

regions, researchers observed that the influences of the Shinkansen construction 

on regional development have not always been consistently positive. Much 

empirical research implicated that the construction of a high-speed rail system 

does not naturally cause the development of a region. It was pointed out that the 

mythical belief that the construction of Shinkansen can solve both transport and 

regional development problems is derived from its routing. The miraculous 

success of the incipient Shinkansen system is closely related to a non-negligible 

fact that it was apparently designed to serve the most important region in the 

country, the Tokaido region, which is a region that was experiencing or expected 

to experience growth. [7] In other words, the construction of Shinkansen did not 

trigger the growth in its serving region, the growth was dispersed from existing 

centers to sub-centers, and indigenous growth in the region was attracted to the 

sub-centers around locations with access to the Shinkansen. [6] However, the 

growth did not always occur that way, the impact of an HSR system on different 

cities varies dramatically across different cities. Researchers specified that the 

redistribution effect generally leads to growth in the existing centers at the 

expense of the periphery regions. [8–10] It has been observed in the worldwide 

practices of HSR development that the HSR may strengthen the locational 

advantages of large central cities, and extend the accessibility gap between large 

central cities and intermediate cities, thus accelerating the agglomeration of 

population and economic factors around large central cities. [11–13] Researchers 

highlighted the risk of spatial polarization imposed by the HSR [14], argued that 

the introduction of an HSR system does not naturally bring positive benefits to 

the less-developed regions,  and emphasized the importance of careful planning 

and policy intervention to effect necessary ancillary investment. [15,16] 

Nevertheless, the Shinkansen HSR system is still expected to play a catalyzing 

role in driving the spatial and urban transformation process. In the “Grand 

Design of National Spatial towards 2050” released by The Ministry of Land, 

Infrastructure, Transport, and Tourism (MLIT) in 2014, the development of 

regional high-speed connections such as the Shinkansen network is considered 

to be essential to the formation of a compact regional network which is the key 
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to achieve agglomeration economies and support the effective services delivery 

and regional innovation in a population decreasing society. [17] The expansion 

of the Shinkansen network has been slowly but continuously progressed by the 

privatized regional Japan Railway (JR) companies. Although the future 

development of the Shinkansen network may not progress exactly as the 1970’s 

basic plan depicted, undoubtedly the Shinkansen network is going to 

continuously play an important role in Japan’s intercity transportation and 

regional development. Therefore, it is necessary to consistently pay attention to 

the impact of such widespread implementation of a development program, so 

that policymakers can make an appropriate adjustment to the future 

development plan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1-1 The Progress of the Construction of Nationwide Shinkansen Network 
System According to the Nationwide Shinkansen Railway Construction Act 
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1.1.2 The Concern of Urban Development around The Shinkansen in The 

Context of Nationwide Depopulation   

The report of the 2015 National Population and Household Census declared that 

Japan’s total population has been decreasing since 2010. Although aging and 

depopulation have been a widespread concern in Japan for many years, the total 

population has kept increasing since 1920. However, according to the 2015 

National Census, among all 1965 administrative regions, 1490 had population 

declined between the year 2010 and 2015, only 21.9% of the total 1965 

administrative regions were able to keep positive population growth, which 

signified that depopulation is no longer a problem for several regions in Japan 

but an inevitable new reality for urban planners and decision-makers in 

nationwide. [18] 

Besides, the majority of the Shinkansen development experience was 

accumulated by the studies of the early Shinkansen lines  constructed in the post-

war economic growth period. Researchers have specified that the success of the 

Fig. 1-2 The Development of The Shinkansen System and the National 
Economic Climate in Different Times 
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early Shinkansen was considered to be inextricably linked with the increasing 

transport demands and the increasing population. [2] It is noteworthy that the 

initial motivation for constructing the Shinkansen was no more than increasing 

the carrying capacity of the Tokaido Line. The region along the conventional 

Tokaido Line was the most important region in Japan. Although it only takes 16% 

of Japan’s total area, it contains three of the four great industrial zones of Japan 

and seven of ten large cities with a population of one million or more. This area 

concentrated about 34% of the total population and 60% of Japan’s industrial 

products, making the Tokaido Line the most important conventional railway line 

in the country. With the continuous annual increment of traffic volume on the 

Tokaido Line, it was approaching its upper limit in 1952. [19] That was when the 

plan of the Shinkansen construction came into being. The extension of the 

Shinkansen from Osaka to Fukuoka was under a similar condition. This region 

contains about 20% of Japan’s population and 33% of the national industrial 

output, and the determination of construction of Sanyo Shinkansen was when 

traffic volume on the conventional trunk was about to reach saturation point. 

Namely, the construction of the early Shinkansen has been to meet the traffic 

demand, qualitatively and quantitatively. In contrast, the planning of later 

Shinkansen lines did not follow the traffic demand, instead, they were planned 

to drive the development of the less-developed areas and reduce the regional 

imbalance, although later studies have demonstrated the implementation of 

Shinkansen may have failed to meet this expectation. [20] 

Indubitably, improvement in accessibility improves competitiveness and brings 

development opportunities to less-developed regions. However, the Shinkansen 

HSR connection also created a convenient express for the central megapolis to 

siphon resources from these regions. The past decades have witnessed the 

development of the Shinkansen HSR system accelerated the urbanization and 

regional development in the densely populated areas with the cities along the 

Tokaido Line and Sanyo Line as representatives, however, in the rural and 

outlying regions, few successful experiences have been reported insofar. 

Nevertheless, people did not lose faith in the positive regional impact of 

Shinkansen and have never stopped seeking a more appropriate development 

mode to make full use of the development opportunities brought by the 

Shinkansen construction. Faced with the unprecedented nationwide 
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depopulation and the limited government financial budget, one major concern 

with the recent extended Shinkansen has been the trade-off between the benefits 

of expanding the network to the remote regions against the huge investment. [21] 

The urban development around Shinkansen in the current depopulation society 

aroused much attention and reconsideration. 

1.1.3 The Land Development around Shinkansen Stations is Crucial for The 

Eventual Successful Operation of An HSR Station  

The Shinkansen stations usually serve as the transportation hubs in the cities, 

and the construction of Shinkansen HSR is considered as a catalyst for urban 

restructuring of the station areas. Accompanied with the construction of 

Shinkansen, there are always urban development plans carried out to improve 

the quality of the living environment, attract investments, led population 

aggregation and commercial prosperity. Empirical evidence through academic 

work emphasizes that good station-area planning is a very important 

prerequisite for the eventual successful operation of an HSR station. [13,22] 

In the field of urban planning, researchers have been focused on the land use 

around the Shinkansen stations. Urban land carries all sorts of human activities, 

the study of land use helps us integratively understand the characteristics of the 

population, industrial, and economic activities distributed around the stations.  

Researchers use the land-use pattern to describe the characteristic of the layout 

or arrangement of the land uses in a typical urban area, and devise land-use 

models to abstracts the complex city system thus explaining the underlying 

development rules of land use arrangement in the cities. Early land-use models, 

such as Burgess and Park’s concentric zone model and Park’s concentric zone 

model, were based on a large number of empirical observations and described 

the general pattern of a typical city area. Although these models were descriptive 

and did not directly reveal the causes for a given geometrical form, they provided 

an intuitive summary of the urban structure of observed areas through visual 

assessment of the land use pattern of the observed areas.[23] On the contrary, 

modern land-use models provide more accurate and quantitative approaches to 

explore the underlying causes for any particular land-use patterns and make 

conditional predictions of land-use transformation [24,25], nevertheless, these 
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models are often localized and customized for one specific city region, thus they 

might not be adaptable to other regions. 

The study of the land use around Shinkansen station is essentially a sub-part of 

the study of urban land use. Influenced by the Shinkansen, the urban areas 

around the Shinkansen stations have similar properties of transportation hubs 

and city gateways. However, the majority of previous studies of land use 

surround Shinkansen stations focused on one or some specific stations[26–31], 

and most were successful cases along the early constructed Shinkansen lines 

(Tokaido and Sanyo). As a result, our understanding of the land-use 

development around Shinkansen stations has been limited in the situation of 

several case studies, it remains unclear how much could these case studies 

represent the general land development situation of Shinkansen station areas. 

Besides, as the socio-economic background has been different from when the 

Tokaido and Sanyo Shinkansen were constructed, there exists an urgent necessity 

for studies that summarize the land development pattern around Shinkansen 

stations in the current context of nationwide depopulation.   

 

1.2 Statement of the Research Problem 

Appropriate land development planning around a Shinkansen station will 

significantly positively impact the economic development in the station area and 

the station city. However, our current understanding of the land development of 

Shinkansen station areas is insufficient. The successful experience at several 

regional center cities can hardly be adapted to the less developed rural and 

outlying regions, there is an extreme lack of appropriate reference for the small 

cities. In concern of the unprecedented nationwide depopulation, it will be 

necessary to conduct studies that explicitly reveal the land-use situation around 

Shinkansen stations in both the developed and less developed cities, thus helping 

make clear the current issues, providing references to urban planners and 

policymakers of cities whose Shinkansen station is under construction or 

currently planned.  

This study aims to clarify the land development patterns of Shinkansen station 

areas in the context of nationwide depopulation. In this research, land development 
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has two aspects of meaning: the static land-use composition and configuration 

situation and the dynamic process of land-use transformation. Thus, the land 

development pattern in this research refers to the regularity of the land-use 

composition and distribution situation and the land-use transformation process. 

Although the land development around each Shinkansen station has unique 

characteristics, as the transportation hubs and city gateway areas, our hypothesis 

is that station areas with similar development conditions must share some 

common land development features. The goal is to review the land use 

development around all 92 existing Shinkansen stations in the context of 

nationwide depopulation, detect the common features and classify them as 

different land development patterns. In other words, this research is going to 

specify the following questions: 

1. What and where are different land use categories located in the 

Shinkansen station areas? 

2. How have land uses around Shinkansen stations transformed? 

 

1.3 Literature Review 

The research problem of this study mainly relates to two topics: the study of the 

Shinkansen stations area development and the study of land use patterns. This 

part develops a theoretical framework of this study by reviewing the academic 

works in the field of relevant research topics, thus addressing the research gaps 

in the previous literature, and specifying the research goal of this study.  

1.3.1 The Shinkansen Station Area Development 

The study of land development of Shinkansen station areas is a sub-branch of 

the research field of land development around railway stations. The station areas’ 

superiority in accessibility distinct them from ordinary urban areas, researchers 

have put consistent effort to reveal the characteristics of the land use distribution 

and transformation in the station areas, and considerable achievements have 

been accumulated. Previous literature relevant to land development around 

stations mainly concentrated on the following 3 perspectives: ①. the function 

arrangement and spatial structure of land use, which aimed to clarify the 
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characteristic of development intensity and industrial distribution around 

stations; ②. The economic effects around the stations, including the change of 

land price, rental, employment, and other economic activities agglomerated in 

the station areas; ③. The quality of the living environment, which discusses the 

transport organization, community development, urban vitality of the station 

areas.  

Moreover, previous literature can be divided into theoretical studies and 

empirical studies. Theoretical studies explained the underlying mechanism of the 

development activities around stations based on the socio-economic theories and 

built up a model of appropriate land development. Namely, the theoretical 

studies aimed to illustrate what the land development around stations should be. 

One of the most far-reaching and profound theories is the transit-oriented 

development (TOD) concept, which advocates maximizing the amount of 

residential, business, and leisure space within walking distance of public transit 

[32] and promotes a symbiotic relationship between dense, compact urban form 

and public transport use. However, TOD is a comprehensive idea for the urban 

development around transit stations, there is no single, all-encompassing 

definition that represents the TOD concept in its many forms. Besides, there are 

many similar concepts such as the walkable city, the compact city and so on, they 

all share the following common elements: ①. Higher intensity of development 

around a public transit station; ②. Mixed-land use and compactness; ③. 

Pedestrian- and cycle-friendly environments; ④. Development that is conducive 

to transit riding; ⑤. Stations as community hubs. [33,34] These concepts usually 

serve as the guiding ideology for the urban planning and design strategies of a 

station area. However, there is no single standard for a unified range for a station 

area. Another important concept is the “three-development-zone” theoretical 

model for the development of surrounding areas of transportation facilities 

proposed by Schütz E. (1998) [35], which distinguished the 5-10 minutes 

accessible area, the 10-15 minutes accessible area, and the peripheral areas 

around an HSR station as the primary, secondary, and tertiary development 

zones respectively, and clarified the characteristics of urban development in 

these three different zones. [16] Following this framework, many researchers 

defined the station area as a circle structure centered around a transit station and 

usually range from 400 - 1000 meters. Besides, in Japan, along with the long 
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history of HSR development, there is also an extensive history and ample 

experience of station area development. Abundant previous studies discussed 

the station-adjacent developments (駅前開発 ), and usually, they use station 

catchment area (駅勢圏 ) to name the area whose development might be 

influenced by a railway station. Also, there is no unified standard for the range 

of a station catchment area, it was usually defined as a range of 600 - 2000 meters 

around a station and varied with specific research problems. Generally, the major 

purpose of the theoretical is to give an illustration of the principles to develop a 

good station area, however, there is always a distance between theory and 

practices, and this is where the empirical studies shed light on. 

Empirical studies focused on the real development situation around one or 

several specific stations and usually were usually to compare the real situation 

with some station area development theories, thus testifying the adequacy of the 

development strategies under a particular development theory. [26–31] However, 

their findings can hardly be generalized and adapted to other station areas. 

Several studies gave the conclusions after summarizing the situation around 

multiple stations. Moon C., Sato S., and Tonuma K. (1997) analyzed urban 

improvement projects around 56 Shinkansen stations and clarified the time serial 

and spatial characteristics of the development process around Shinkansen 

stations. [36] This study was a qualitative analysis, and it summarized the urban 

development patterns around Shinkansen stations based on the planning 

documents from municipalities, and it was conducted in the 1990s, which was 

about 30 years ago, the current situation might be different. Matsumoto E., 

Ubaura M. (2013) analyzed the land development situation around 17 

Shinkansen stations in the suburbs and clarified the problems in the process of 

urbanization through case studies. [37] However, the current land development 

situation of other non-suburb stations remains unclear.  

Therefore, this study contributes to the studies on the land development around 

Shinkansen station by summarizing the current land development situation 

around existing Shinkansen stations and provide a comprehensive insight into 

the land development situation of Shinkansen station areas in the context of 

current nationwide depopulation. 
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1.3.2 Land Use Pattern Comparison   

The study of land development of Shinkansen station areas is also a sub-branch 

of the study field of land use patterns. Land use pattern is the layout or 

arrangement of the uses of the land. Clarifying the land-use patterns of 

Shinkansen station areas is essentially a land-use pattern comparison task. It 

involves identifying the land use pattern features and clustering the station areas 

with similar land-use patterns together thus finding some land-use patten types. 

Land use pattern comparison is a fundamental approach to understand urban 

development in urban studies: comparing the land uses across regions helps to 

identify the areal variation of land development in the observed regions, whereas 

comparing land uses over time helps to detect changes brought by underlying 

urban development processes. A large body of urban studies has involved land 

use pattern comparison, among which the most traditional and commonly used 

method is visual comparison, which is to present maps side-by-side as a tool for 

visual comparison and identify the similarities and differences based on the 

human visual system’s ability to recognize shapes and patterns.[38] The visual 

comparison of maps has been productive of urban models and theories, for 

instance, Burgess and Park's (1925) concentric zone model was built on large 

observations and comparisons of American cities. However, limited by human 

visual perception, the visual comparison approach is incapable of detecting the 

fragmental or imperceptible differences between maps, and cannot provide an 

accurate measure of the degree of similarity.  

Quantitative methods of land use pattern comparison are generally based on 

quantifiable measurements of land use patterns. Quantitative measures of land 

use patterns fall into two categories: compositional indices and configurational 

indices.[39] The composition refers to the non-spatial properties of a land-use 

map (e.g. the type, number, and statistical properties of land uses); whereas, the 

configuration refers to the spatial distribution characteristics of land-use units, 

whose quantification is complicated and problematic due to its ambiguous 

definition. [40,41] Considerable efforts have been put into developing methods 

to quantify the configurational characteristic of a land-use pattern, and there are 

now literally hundreds of quantitative measures of spatial pattern that have been 

proposed to quantify the configuration from the aspects of shape, form, density, 
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intensity, clustering, centrality, and dispersion.[42–44] However, none of them 

can individually summarize the overall compositional and configurational 

characteristics of land uses.  

Besides, the quantitative measures of a spatial pattern can be broken down into 

global level measures and local level measures. Global spatial pattern indices 

measure the spatial variation throughout a study area, while local indices focus 

on the spatial variation surround each individual.[45] At the global level, only 

the overall trends of the spatial variation in the study area will be interpreted, for 

example, the center, shape, and orientation of the elements' distribution, or 

whether the elements are randomly distributed or spatially clustered in the study 

area. At the local level, the relation between the occurrence and attribute of an 

element with its neighbors will be clarified. Many indices have been proposed to 

measure the spatial relationships between land-use units at different levels, such 

as aggregation index, contagion index, clumpiness index, and so on [39,46], 

although there is no standard for an appropriate observation scale when 

applying these indices to implement the spatial analysis. Researchers have 

referred this uncertainty problem given rise to different geographical division 

schemes to the modifiable areal unit problem (MAUP). [47–49] As yet there still 

lacks sound solution to this problem and the study area for current spatial 

analysis is usually determined based on experience.    

In addition, limited by the inability of finding an adequate descriptor that can 

summarize the overall configurational characteristic of a spatial pattern, the 

quantitative comparison of spatial patterns insofar was mostly based on a set of 

spatial pattern indices, as a result, the comparison result can be largely influenced 

by the selection of indices. Besides, many of the spatial pattern indices themselves 

have compound meanings, a similarity measure built on multifarious indices can 

lead to opacity and even misinterpretation. [50–52] Moreover, many researchers 

argued that both local vs global and compositional vs configurational 

characteristics of a spatial pattern are independent and interactive, and they 

highlighted the importance of simultaneously considering and distinguishing 

them. [41,51–54] 

To address the existing problems mentioned above, researchers have tried to 

seek solutions from other fields. Particularly, in the field of computer vision, 
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computer scientists have also been intensively developing methods for image 

matching and comparison, which is analogous to land-use map comparison.[38] 

With the rapid development of computer technology, significant progress has 

been made in image matching techniques. Computer scientists have developed 

approaches to extract image features and represent them with an image feature 

descriptor for further processing such as matching or clustering. [55] In recent 

years, applications of these methods in urban and geographic contexts have been 

increasing, however, most were image semantic retrieve tasks, such as land use 

discrimination and object detection from satellite imagery [56–59], or spatial 

qualities analysis based on landscape elements identification from streetscape 

imagery [60–62]. However, few attempts have been made to extract the 

geospatial pattern information in the land-use maps with image processing 

techniques. 

Therefore, to clarify the land development patterns of Shinkansen station areas, 

firstly, it is necessary to build an effective land-use pattern comparison approach 

that allowing us to ①. distinguish both the compositional and configurational 

characteristics between spatial patterns, ②. consider not only the overall trend 

throughout the study area but also reflect the relationship between each 

individual and its neighbors and ③.  Provide a quantitative similarity measure 

that can be converted to distances for further processing in the clustering.   

 

1.4 Aims and Objects of the Study 

On the basis of the literature review, to answer the research problems of this 

study, firstly we specify the definition of a Shinkansen station area in this 

research. As Fig.1-3 suggests, it basically follows the “three-development-zone” 

concept, with integrative consideration of the average walking speed of normal 

adults and aged people [63], the core station area is defined as a 5-minute walk 

area around a Shinkansen station, and the station area is defined as a 1-kilometer 

radius range area around a Shinkansen station. 
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Besides, when analyzing the land development patterns, this study considers 

the 400-meter zone as a spatial indifference zone. In other words, when 

discussing the land-use pattern of the 1-km zone, this study will analyze the 

characteristics of the composition and spatial relationships between land uses, 

while for the 400-meter zone, this study will only focus on the functional 

composition. 

Specifically, this study aimed to review the land development situation around 

92 existing Shinkansen station areas and summarize their development patterns. 

The focus is the current land development state and dynamic transformation 

situation during 2009 and 2016. *²⁾ The research goal is to identify the land 

development patterns around Shinkansen stations. 

The achievement of the main purpose is based on the following specific 

objectives: 

1). To develop a land-use pattern comparison method that integratively 

quantifies the similarity level of both land use composition and the spatial 

relationships based on image matching algorithms. 

Fig. 1-3 The Definition of a Station Area 
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2). To study the land use situation of the existing 91*³⁾ Shinkansen station areas, 

classify them into different types and identify their land-use pattern features 

based on the proposed land-use pattern comparison method.  

3). To analyze the land use transformation situation around Shinkansen stations 

during 2009 and 2016, and to identify the location trend of the transformations. 

4). To analyze the urban functional composition of land development in 92 

station core areas, identify functional composition features and make clear the 

transformation relationships between urban functions. 

5) To discuss the relation between the land development pattern of a station area 

and the location condition of the station city.   

 

1.5 Dissertation Structure 

The dissertation outline can be divided into six chapters as Fig. 1-4 suggests. The 

first chapter is the introduction which primarily gives the aim of the present 

research work. The rest of the dissertation is arranged as follows: 

Chapter 2 proposed and validated the land-use pattern comparison method 

based on the image matching algorithms. 

Chapter 3 applied the method developed in chapter 2 to analyze the land-use 

patterns in the 1km radius range around the existing 91*3) Shinkansen stations.  

Chapter 4 applied the method developed in chapter 2 to compare the land-use 

patterns of 91 Shinkansen station areas between 2009 and 2016 and clarified the 

land use transformation situation of Shinkansen station areas. 

Chapter 5 analyzed the functional composition and transformation situation of 

land uses in the 400-meter radius range of the 92 Shinkansen station core areas. 

Chapter 6 summarized the whole dissertation. 
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NOTES 

*1). It is generally accepted that the maximum running speed of a high-speed 

rail should be in excess of 200Km/h, thus the Akita Shinkansen and Yamagata 

Shinkansen were not discussed in this research for their maximum running speed 

is 130Km/h. 

*2). The latest urban land-use subdivision mesh data published by the Policy 

Bureau of the Ministry of Land, Infrastructure, Transport, and Tourism was the 

land-use data of 2016. 

*3) Okutsugaru-Imabetsu station locates in rural area, thus it is not included in 

the urban land-use subdivision mesh data published by the Policy Bureau of the 

Ministry of Land, Infrastructure, Transport, and Tourism. 
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Chapter 2  

A Land-use Pattern Comparison Method 

Based on Image Matching 

Following the research framework of the whole dissertation, this chapter aimed 

to develop a land-use pattern comparison method based on image matching. 

According to the review of the previous literatures, we have highlighted the 

shortage of the existing land-use pattern comparison approaches, and clarified 

the goal is to develop a land-use pattern similarity measure that quantifies the 

similarity level of both composition and spatial relationships between land use 

units simultaneously, thus preparing for further processing of clustering.  

This begins with a brief introduction to image matching (Section 2.1), to give a 

glimpse of the key techniques that can be employed to develop the land-use 

pattern comparison method, and help develop the framework to convert the 

land-use pattern comparison problem to an image matching task. (Section 2.2) 

Then we explain the specific algorithm (Section 2.3). To show the effectiveness 

of the developed method, we conducted experiments on the simulated random 

maps generated by a landscape generator. (Section 2.4) Then, we show the 

applicability of the proposed approach through a sample application to compare 

the land-use patterns of 6 sample Shinkansen station areas. (Section 2.5) Finally, 

we discuss the parameters in the algorithm, specify the principles to set the 

parameters, and clarify the limitations of the proposed approach. (Section 2.6)   
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2.1 A Brief Introduction to Image Matching 

Image matching is an important concept in computer vision and object 

recognition. Fundamentally, the image matching tasks are to identify then 

correspond the same or similar structure/content from two or more images. [64] 

For the human visual system, it is not difficult to integrate visual information 

including color, distribution, orientation, style, and objects contained in the 

images thus identifying the similarity and dissimilarity between images, which 

is however not as easy for computers. Computers see an image as arrays of 

feature values (such as brightness or color intensity value), and each value 

provides visual information depicted in one pixel that constitutes the image. [65] 

Image comparison in computer vision is not an easy task because the definition 

of similar content is ambiguous. 

 

 

 

 

 

 

 

 

 

 

In the early stage, the image matching is based on the pixel-by-pixel comparison. 

As Fig 2-1 suggests, computers view two images as grids of numbers between 

[0,255]. In Fig.2-1, the (dis)similarity is measured by the Manhattan Distance 

between 2 sample images, whose result is 456. Besides, there exist tons of 

(dis)similarity measures, such as the equally widely used Euclidean distance and 

correlation, they share the same strategy of measuring the similarity by the sum 

Fig. 2-1 Early-Stage Image Matching: Image Similarity Based 
on Pixel-wise Absolute Value Difference 
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of the pixel-wise differences. This is the simplest and most straightforward 

strategy for image matching, also known as the area-based method and has been 

employed in early object recognition works, which matches an object in an image 

with a template and a sliding window. [66] However, this method treats each 

pixel independently, thus it is incapable of interpreting the semantic information 

represented by the combination of pixels. Therefore, this approach is not widely 

used because it is basically sensitive to all the image transformations like scaling, 

transition, rotation, reflection, shear, partial occlusion, and color difference.   

In recent decades, with the rapid development of computer technology, 

particularly the progress in machine learning, computer scientists have 

developed many accurate, robust, and efficient approaches for image matching. 

The mainstream for image matching has been the feature-based method. [64] The 

fundamental idea of feature-based approaches is that instead of directly 

measuring the pixel-wise value differences, they first characterize and 

numerically represent the image features with some feature descriptors (or 

feature vector) and then match images based on the extracted features. Namely, 

feature-based image matching can generally be broken down into two intrinsic 

stages: feature extraction and feature matching. 

Feature extraction has been a major study part of computer vision. The main 

goal of feature extraction is to extract the most relevant information from an 

image to obtain an appropriate and robust descriptor. The definition of the 

appropriate image features is  application-dependent, and in most tasks that 

involve image matching, the image features are learned through a deep learning 

process. [55] However, feature extraction in deep learning is essentially a data-

driven process, although it is now a very active area in computer vision [67–69], 

people’s understanding of it is still limited. Moreover, the task of land-use pattern 

comparison in this research is not a learning task. Therefore, here we only focus 

on the traditional feature extraction approaches, which derive image features 

through the devised algorithms using the information present in the image itself. 

In contrast to the learned features in deep learning, the manually designed image 

features are also known as handcrafted features.  

The handcrafted features are devised to characterize an image and make it more 

invariant to issues brought by some kinds of image transformations such as 
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occlusions and variations in scale and illuminations. [70] The image features can 

be divided into global features and local features. Global features describe the visual 

content of the entire image by a single vector, whereas local features aim to detect 

the interest points (IPs) in an image and describe them by a set of vectors. [71] 

Commonly used global features include color, texture, shape, which are also 

known as three major low-level visual features [72], while widely used local 

features include SIFT, SURF, BRIEF, and ORB. [73] Besides, tons of techniques 

have recently been proposed to unify global and local features to integrate low-

level features like color, texture, and shape into more robust higher-level features 

for better performance in the image matching tasks. [74] Seeking better-

handcrafted features has been another hot topic in computer vision because 

handcrafted features are manually designed, they are more controllable, and they 

can usually help optimize the performance of the learned features in deep 

learning.  

However, it is beyond the scope of this research to introduce the whole universe 

of image feature extraction. The purpose of this part is only to give a glimpse of 

the major challenges and key techniques of image matching tasks, thus helping 

convert the land-use pattern comparison task to an image matching task. 

According to the introduction above, it is not difficult to find analogical 

connections between land-use pattern comparison and image matching, 

particularly in the part of unifying the global and local features. In association 

with the compositional and configurational properties of land-use patterns, here 

we introduce histogram as the representation of global feature and image 

smoothing as the method to extract spatial relationships. 

1). Histogram: Color histogram is one of the most commonly used image 

representations. An image is essentially a two-dimensional matrix whose 

elements are natural numbers corresponding to the brightness or color intensity 

values. The histogram is a graph showing the number of pixels in an image at 

each different intensity value found in that image. As Fig.2-2 suggest, (a) is a 

grayscale image with the size of 273×187, (b) is the histogram of image (a). The 

height of each histogram bin represents the pixel count in the original image with 

the corresponding color intensity value.  
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For color images, an RGB image for example, is composed of three two-

dimensional arrays, with the elements in each array representing the color 

intensity value of red, green, and blue, respectively. Generally, each array of the 

intensity values is called a color channel. An RGB image has three color channels, 

therefore, it has three histograms with each individually representing the 

frequency of the color intensity in each channel. 

The histogram provides the global information about the color intensity 

composition in an image; however, it discards the information of the spatial 

relationship between pixels. Fig.2-2 for example, from the histogram (b) we can 

read the composition proportions of different color intensity in the original image, 

but we cannot trace back the locations of different intensity values in the original 

image (a). Therefore, we can say the histogram is to an image what areal 

proportions are to a land-use pattern. We still need a method to extract the spatial 

relationships between pixels or land-use units, and this is where the image 

smoothing comes into play. 

2). Image Smoothing: Image smoothing is a local pre-processing method to 

suppress noise in image data by some form of averaging of brightness values in 

some neighborhood. It is achieved by convolution operations. Fig.2-3 illustrates 

the smoothing process for a single pixel, the value in the output image pixel �(�, �) 

is calculated as a weighted sum of the feature values (usually color intensity or 

brightness) in a local neighborhood � of the pixel value �(�, �) in the input image. 

The contribution of the pixels in the neighborhood � is weighted by coefficients 

�, and the array of the coefficients can be called as a convolution kernel. In Fig.2-3, 

Fig. 2-2 Image Representation with Color Histograms 
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the source cell �(�, �)  =  0  is smoothed by a 3 × 3 mean kernel, namely, the 

contributions of neighbor pixels are equally weighted, and as a result, the output 

value becomes �(�, �)  =  226.7.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-3 Smoothing Operation of a Single Pixel 

Fig. 2-4 The Image Smoothing Process for an Image 
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For the whole image, as shown in Fig.2-4, we can consider using the 

convolutional kernel as a sliding window to go through every pixel in the original 

image. Every pixel and its neighbor pixels are multiplied by the corresponding 

coefficient in the kernel, and the output pixel value equals a linear combination 

of itself and its neighbor pixel values. Besides, when it comes to the edge pixels, 

we copied the pixel values on the border to preserve the shape of the image. *1) 

In this way, the output pixel value no longer represents its own brightness, it 

reflects the information of its neighbor pixel values in the original image. Besides, 

as Fig.2-4 suggests, the coefficients in the convolution kernel are not necessarily 

equal. The coefficients control how much the information of a pixel will be 

reflected in the output values, it can be customized to extract the needed 

information and reduce the undesired information in image data. Therefore, the 

convolution kernel is also called a filter. In some sense, the devise of a feature 

extractor is in essence to tune the coefficients in the filter. 

Accordingly, it becomes clear how to use the histogram to represent the global 

feature of the image pixel values composition, and also how to use image 

smoothing to obtain the information in each pixel’s neighborhood and represent 

it in the output feature value. This sheds some light on how to extract both the 

compositional and configurational features and integrate both local and global 

features of a land-use pattern. The next section of this chapter will introduce the 

image matching approach to the land-use pattern comparison. Based on the 

image smoothing and histogram comparison algorithm, we will devise an apt 

land-use pattern extractor to numerically represent the land-use pattern features 

with a pattern feature descriptor, then matching the land-use patterns based on 

the extracted features  

 

2.2 Basic Concept of Land-use Pattern Comparison Method 

based on Image Matching  

A land-use map is composed of units that represent the land-use attribute; this 

research only discusses the categorical land-use map in which each square cell 

represents one land-use category. For a categorical land-use map, the land-use 

pattern includes two aspects of features: the composition proportions of land use 
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categories and the spatial relationships between land uses. Furthermore, the 

spatial relationship refers to the aggregation level of each land-use category and 

the location relation between different land-use categories. In this research, two 

maps are considered to have similar land-use patterns only when the land uses 

constitute them have both similar composition proportion and spatial 

relationships. Therefore, the goal is to extract land-use pattern features that 

appropriately reflect both the compositional and spatial information in a land-

use map.  

Inspired from the image matching algorithms, a land-use map can be viewed as 

an image composed of feature values representing the land-use categories. Here 

we call the value representing the land-use categories as land-use feature values. 

The main idea of our approach is to replace the land-use feature value of every 

land-use cell with a feature value that represents the land-use composition and 

distribution situation of its surrounding area through image smoothing 

operation, thereby the overall land-use pattern features can be represented by the 

distribution of the output feature values. To be clear, we call the land-use 

composition and distribution situation in a land-use cell’s neighborhood as the 

neighborhood pattern and the distribution of the output feature values as the land-

use pattern descriptor (pattern descriptor for short). In essence, the pattern 

descriptor is a list of numbers, however, in contrast to the ordinary image 

descriptors which are usually composed of every pixel’s feature value, the land-

use pattern descriptor consists of the counts of different output feature values 

after smoothing, which can also be represented as the distribution or histogram 

of the output feature values. Thus, the land-use pattern similarity can be 

computed based on the pattern descriptors. 

Fig. 2-5 is a simple example that illustrates the basic concept of our approach. 

As (a) suggests, map-a and map-b are binary maps consisting of 10 × 10 cells. 

Assuming that black (B) and white (W) cells represent two categories of land-use, 

both map-(a) and map-(b) have composition proportions of B: W = 7: 3. If 

representing the black cells and white cells with the color intensity values of 0 

and 255, respectively*2), their composition proportions can be represented by the 

histograms of the cell values. According to the histogram correlation, the 

similarity between map-(a) and map-(b) is 1, indicating they are the same land-

use pattern. However, the spatial relationships of black and white cells in the two 
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maps are clearly different: the white cells are aggregated in map-(a) while 

randomly distributed in map-(b). Following our approach, we replaced each 

cell’s value with the mean of cells in its 3 × 3 neighborhood. Accordingly, the 

pattern descriptors of the two maps are represented as the histograms in (b). 

Many cell values of map-(b) were averaged by their neighbors to a value between 

0 and 255 since they are dispersed, whereas many cell values of map-(a) remained 

or towards the initial value of 0 or 255 because they are more aggregated. As a 

result, the similarity became 0.38, suggesting two maps are different patterns, 

which is intuitively more acceptable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2-5 also illustrates how the distribution of output feature values represents 

the land-use pattern features. When employing a 3×3 mean matrix in the image 

smoothing process, the corresponding relationship between the output feature 

value and the land-use combination in a cell’s 3×3 neighborhood is shown in 

Fig.2-5 (c). Namely, if a black cell is surrounded by 8 black neighbors, its output 

Fig. 2-5 Illustration for the Basic Concepts of the Proposed Method 
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feature value remains 0. Similarly, if a white cell is surrounded by 8 white 

neighbors, its output feature value remains 255. While the composition 

proportion of the black and white cells is B: W = 8: 1 in a cell’s 3×3 neighborhood, 

the output feature value of the central cell is 28.3, and when B: W = 7: 2, the output 

feature value of the central cell will become 56.7, and so on. In this way, each 

output feature value represents one combination situation of land uses in the 

neighborhood. 

 

 

 

 

 

 

 

 

 

 

 

To illustrate the land-use pattern features represented by the histogram of the 

output feature values after smoothing, Fig.2-6 displays three sample binary 

maps-(a), (b), (c) and the distribution of their output feature values after 

smoothing with a 3×3 mean matrix. After smoothing, the output feature value of 

each cell corresponds to a land-use combination situation in Fig.2-5 (c). The 

height of each histogram bar represents the cell counts of the corresponding 

output feature values. Therefore, in the histograms of output feature values, the 

cell counts of the initial land-use feature values (0,255) represent the number of 

land-use cells surrounded by cells of the same categories as themselves. Hence, a 

land-use category is more aggregated, it will have more cells remain the initial 

Fig. 2-6 Illustration for the Land-use Pattern Feature Descriptors 
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land-use feature values. In Fig.2-6 for example, comparing (a) and (b), although 

they have the same composition proportions, the histogram of (a) has more cells 

remaining 0 and 255 for the black and white cells in the original image (a) are 

more aggregated. Moreover, in histogram (a), the cell count for 0 is greater than 

255, reflecting that the black cells take larger areal occupancy than the white cells 

in the original image.   

Besides, each output feature value corresponds to one land-use combination 

situation in the defined neighborhood (as Fig.2-5 (c) suggests), thus the number 

of different output feature values reflected the spatial variations of location 

relation between land uses. The image (c) in Fig.2-6 for example, the black and 

white are uniformly distributed, in the 3×3 neighborhood, the number of the 

black and white cells are always B: W = 4: 5 or 5: 4, as a result, after smoothing, 

the output cell values only have 2 different values. In contrast, in the original 

images (a) and (b), the location relation between black and white cells varies in 

different areas, the output feature values spread to more different values. 

Accordingly, it becomes clear how the land-use pattern descriptor composed of 

the cell counts of different output feature values represent the composition and 

spatial relationship information and integrate the global and local features of the 

original land-use map. The key is to devise a filter letting every different output 

feature value corresponding to a unique neighborhood pattern, in this way, the 

land-use pattern features can be represented by the counts of different output 

feature values, i.e., the land-use pattern descriptor. Then we can compare the 

land-use patterns based on the pattern descriptors and quantify the similarity 

level by computing the distance or correlation between the pattern descriptors. 

 

2.3 General Framework 

2.3.1 Algorithms 

The proposed method is composed of 3 major steps, as shown in Fig.2-7, the first 

step is to represent a categorical land-use map with a numeric array of certain 

initial feature values �; then to replace the feature value of each cell �(�, �) with a 

weighted averaging of its neighborhood �(�, �)   through image smoothing 
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operation ��(�); finally is to compute the similarity based on the distributions of 

the output feature values �(�1, �2). 

 

 

 

 

 

 

 

 

 

1) Numeric Representation of Land Use Categories: The crux of our method is 

that the output feature value of a land-use cell after smoothing corresponds to its 

neighborhood pattern: the feature value of a land-use cell will remain unchanged 

if it is the same land-use category with all its neighbor cells; otherwise, its feature 

value will be shifted to another value to label its neighborhood pattern. Therefore, 

the absolute value of the initial numeric representation of a land-use category is 

meaningless. However, to ensure output feature value varies when the 

neighborhood pattern varies, the principle to initialize the land-use feature 

values is to avoid that any land-use feature values being a linear combination of 

other land-use feature values. In this study, we introduced the Euler’s Constant 

and set an exponential relationship between land-use feature values, i.e., for a 

map with � categories of land uses (� ≥ 2), the land-use feature values �� are set 

as:  

�� = �

�

�
�
�

 (� = 0,1,2, … , � − 2)

0                       (� = � − 1)
   Equation (2.1) 

where � is the range to set all land-use feature values, � is a parameter to control 

the interval between land-use feature values, �  is the index for each land-use 

Fig. 2-7 General Framework of the Proposed Method 
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category. The order of the land-uses when setting the feature values is 

unimportant.  

In this chapter, the land-use feature values were set to values between [0,255], 

i.e., � = 255, so that the feature values of land-use cells correspond to the color 

intensity value in the gray color space, which is easier for visualization. Moreover, 

� is the parameter to ensure the balance of the intervals between feature values, 

thus avoiding the situation where there are huge intervals between the minority 

of feature values while most feature values squeeze in a small interval. In this 

paper, we set � = 2. The determination of � and � will be further discussed in 

section 2.6. 

2) Image Smoothing Operation: The image smoothing operation is used to 

convert the land-use feature value to a linear combination of its neighborhood, 

i.e., the neighborhood pattern, thus representing the land use combination 

situation in the neighborhood with the output feature values. As introduced in 

section 1, a value in the output image pixel �(�, �) is calculated as a weighted 

averaging of feature values (usually color intensity of brightness) in a local 

neighborhood � of the pixel value �(�, �) in the input image �. The contribution 

of the pixels in the neighborhood �  is weighted by coefficients � . Thus, the 

image smoothing operation ��(�) can be represented as: 

�(�, �) =  ����(�, �)� =  ∑ ∑ �(� − �, � − �)�(�, �)(�,�)∈ �  Equation (2.2) 

In concern of the geospatial interpretation of land-use maps, in this study, we 

call the kernel a weight matrix and the kernel size as neighborhood size, respectively. 

The values of weight matrix �  and the neighborhood size  � define the 

neighborhood patterns, thus determining the composition elements of the land-

use pattern descriptor, which will be further explained in sections 2.3.2 and 2.3.3. 

3) Histogram Similarity: After the image smoothing, the land-use pattern 

descriptor can be represented by the distribution of output feature values. 

Therefore, the similarity of land-use patterns can be measured by the similarity 

of the distribution of output feature values i.e., histogram similarity. In this study, 

the histogram similarity is defined as the correlation between two histograms, 

which can be represented as: 
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�(��, ��) =  
∑ ���(�)����(��(�)�����

�∑ ���(�)����
�

∑ ���(�)����
�

��

   Equation (2.3) 

where �� =  
�

�
∑ ��(�)� . � is the total number of histogram bins. The value of � 

will be further discussed in section 2.6. In the experiments of section 2.4, � =

 256. 

With histogram correlation, the similarity of two land-use patterns is evaluated 

by a value between [−1,1]. The correlation value closer to 1 suggests greater 

similarity, whereas the correlation value closer to 0 indicates a greater difference 

between the land-use patterns, and a value closer to -1 indicates an inverse 

relationship between land-use patterns. 

2.3.2 Define Location Relation with Weight Matrix 

In the image smoothing process, every neighborhood pattern is represented by 

a linear combination of the land-use feature values in the defined neighborhood. 

The values in the weight matrix determine the contribution rates of neighbor cells. 

By assigning different weights to different positions, a land-use feature value will 

have a different contribution rate when its position differs. In this way, even 

when the land-use cells in the neighborhood have the same composition, the 

output feature value will vary if their distribution situation varies, thus the image 

smoothing will distinguish them as different neighborhood patterns. Notably, 

the numeric value of weights does not represent the real spatial influences 

between land-use cells, it only labels the location relations between land-use cells 

in the neighborhood. Accordingly, the weight matrix defines discrimination 

standards for the spatial variation in the neighborhood. In practice, the devise of 

the weight matrix depends on how we want to distinguish the location relations 

of land-use cells in the neighborhood. 

Generally, there are two ways to consider the location relationships between the 

land-use cells in the neighborhood: one is to consider the neighborhood as a 

spatial indifference zone, in this case, neighbors within the specified distance 

weight equally (Fig.2-8-a); another is to distinguish neighbors in different 

positions, i.e., the weights of neighbors vary with different location relation. In 

this paper, we discuss two situations: distinguishing neighbors’ positions by their 
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Fig. 2-8 Location Relations of Neighbor Cells Defined 
by Different Wight Matrix 

distances to the central land-use cell (Fig.2-8-b) and distinguishing neighbors’ 

positions with different corner and edge contiguity relations (Fig.2-8-c).  

 

 

 

 

 

 

 

 

 

 

1) Mean Weight Matrix: In the case of considering the neighborhood as a spatial 

indifference zone (Fig.2-8-a), the neighborhood pattern is determined by only the 

land-use composition of neighbor cells, and the distribution situation of land uses 

in the neighborhood is considered indifferent. In this case, all the land-use cells 

in the neighborhood are given the same weight in the smoothing operation, thus 

the weight matrix for a � × � neighborhood is: 

�(�, �) =  
�

�×�
     Equation (2.4) 

where �  is the size of the neighborhood, and �  should be odd, (�, �) is the 

location coordinates of the cell in the neighborhood. 

2) Inverse Distance Weight Matrix: When the locations of neighbor cells are 

distinguished by their distances to the central land-use cell (Fig.2.8-b), the 

weights for land-use cells vary with their distance to the central cell. In this paper, 

we use a negative exponential function of the distance to the center cell to 

determine the weight for each land-use cell. Be noted that we introduced the 

Euler number as a component of the exponent to avoid the situation where a 
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larger weight is an integral multiple of a certain smaller weight, thus ensuring 

different land-use distribution situation corresponds to a different output value. 

The relation between the weight of a land-use cell and its distance to the central 

land-use cell is represented as: 

�(�, �) =  � × �
�

�

�    Equation (2.5) 

where � controls the gradient between weights. To ensure that even the land-

use cells in the periphery of the neighborhood have a significant contribution rate 

to the output feature values, in the experiments of section 2.4, we set � = 2. � can 

be represented as the larger number between the row distance or column distance 

between the neighbor cell (�, �) and the center cell coordinate (
���

�
,

���

�
), therefore, 

the inverse distance weight matrix can be represented as: 

�(�, �) =  � × (max (��� −
���

�
� , �� −

���

�
��))�

�

�  Equation (2.6) 

where �  is the size of the neighborhood, and �  should be odd, (�, �)  is the 

location coordinates of a cell in the neighborhood, � is the scale factor to ensure 

∑ ∑ �(�, �)��  =  1. 

3) 2D Gaussian Weight Matrix: In more complex cases where the locations of 

land-use cells in the neighborhood are to be distinguished by the different corner 

and edge contiguity relations as Fig.3-c suggests, the 2D Gaussian equation can 

be employed to determine weights for the neighbor cells, i.e.: 

�(�, �) =
�

���� �
�(�����)

(���)    Equation (2.7) 

where is �  the standard deviation of the distribution, (�, �)  is the location 

coordinates of a point in the 2d-plane. 

In an image, the 2d plane is composed of square cells, thus the location 

coordinate  (�, �)  is represented by a cell’s row and column index (�, �) , 

specifically: � = � −
���

�
, � = � −

���

�
, thus the weight for a land-use cell in the 

neighborhood can be computed by the following equation: 

�(�, �) =  � × �
�((��

���
�

)��(��
���

�
)�)

(���)    Equation (2.8) 
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Where � is the size of the neighborhood, and �  should be odd, (�,  �) is the 

location coordinates of a cell, � is the Gaussian  standard deviation (in 

experiments of section 2.4, � = 1 ), and �  is the scale factor chosen so that 

∑ ∑ ����� = 1. 

2.3.3 Define Land-use Clusters with Neighborhood Size 

In the image smoothing operation, the initial land-use feature value of a cell is 

replaced with a weighted averaging of its neighborhood. In this process, a land-

use cell’s feature value remains the original only if it has the same land-use 

property with all its neighbor cells. Therefore, if the size of a land-use patch in 

the map is equal to or greater than the defined neighborhood size, the central 

cell’s feature value will remain the original, and the greater the land-use patch’s 

size is, the more land-use cells remain the original feature value after smoothing, 

indicating the land use is more aggregated; on the contrary, when the size of a 

land-use patch is smaller than the neighborhood size, the feature value of the 

central cell will be shifted, suggesting the land use is more fragmented or 

dispersed. Therefore, the neighborhood size defines the minimum land-use 

cluster size, which influences the discrimination of the aggregation level of land 

uses.  

As a whole, the neighborhood pattern is defined by the arrangement of � 

categories of land use in the neighborhood, therefore, the number of land-use 

categories, the location relationship between neighbor cells (the weight matrix), 

together with the neighborhood size determines the pattern descriptor thus 

influencing the similarity evaluation for land-use patterns. However, there is no 

standard weight matrix and neighborhood size, we need to customize according 

to specific applications. In the next section, the experiments intuitively illustrate 

how different combination of weight matrix and neighborhood size define the 

land-use pattern descriptor. 

 

2.4 Experiments 

To examine the influence of parameters and the effectiveness of the proposed 

method, we conducted two experiments with simulated land-use maps: one for 
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binary land-use maps, another for multi-categorical land-use maps. The test 

maps were created by the neutral landscape models (NLM), which can generate 

maps with varied compositional and configurational characteristics without 

considering any specific spatial process. [75] Specifically, we employed the 

NLMpy neutral landscape generator [76] to create categorical maps with 

specified compositional and configurational parameters.  

For each experiment, we generated 6 groups of random binary maps with 

different land-use pattern features, and each group contains 2 maps that were 

generated with exactly the same compositional and configuration parameters. 

The expectation is that the proposed method identifies the land-use pattern of 

maps in the same group and distinguishes the land-use pattern of maps in 

different groups. 

Besides, in order to show the influence of weight matrix and neighborhood size 

on the land-use feature pattern extraction, the test maps were smoothed with 

different combinations of weight matrices and neighborhood sizes. The extracted 

land-use pattern features will be represented by the histograms of the output 

feature values. Then the land-use pattern similarities were computed based on 

the histograms, to examine whether the results are consistent with the 

experimental presuppositions. 

2.4.1 Experiment of Binary Land-use Map Comparison 

 1) Test Data:  The random binary maps generated for the binary land-use map 

comparison are shown in Fig. 2-9. With the NLMpy python module, 6 groups of 

binary maps were generated with different land-use pattern features, each map 

is composed of 50×50 land use cells. The yellow (Y) and green (G) cells in maps 

of a, b, c groups have the same composition proportions of Y: G = 1:1, while d, e, 

f groups have the same composition proportions of Y: G = 9: 1. As to the spatial 

relationships, maps of a, d groups have the same aggregation level, while maps 

in the e group are less aggregated. Besides, maps in the b group are composed of 

land-use patches with the size in the range of [3,5] units, while c, f groups are 

both completely random and uniformly distributed. 

2) Experiment and Result: According to the framework of the proposed method, 

for the binary land-use maps, firstly, the land-use feature values were initialized 
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as (Y = 255*�� , G = 0) according to Equation (2.1). Then the test maps were 

smoothed with different combinations of weight matrices (mean, inverse 

distance, and 2D Gaussian) and neighborhood sizes (� =  3,5,7,9). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With the NLMpy python module, the aggregation level of maps in a, d groups were 

controlled by mdp() function (parameter h = 0.75), b group was controlled by 

randomRectangularCluster() function (parameter minL = 3, maxL = 5), e group was based 

on mpd() function (parameter h = 0.1), c, f groups was based on random() function. As to 

the composition, with classifyArray() function, land uses in a, b, c groups were classified 

into 2 categories of equal proportion (parameter weights = [0.5,0.5]), while in d, e, f groups, 

the proportions are Y:G = 9:1 (paramter weights = [0.9, 0.1]). 

Fig. 2-9 The Simulated Binary Land-use Maps 
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Fig.2-10 displays the histograms of output feature values of each group’s maps 

after smoothing with a 5 × 5  mean matrix, illustrating the land-use pattern 

descriptors extracted from the original maps. Specifically, the counts of the 

initialized land-use feature values indicate the areal occupancy and aggregation 

level: Land-use cells in maps of group-a, d are more aggregated than other 

groups, thus they have more land-use cells remain the original value (0, 255); in 

contrast, land use in maps of group-b, c, d, e are relatively dispersed, they have 

more land-use cells shifted to other output values. Besides, comparing the 

histogram graph of group-a, b, c with group-d, e, f, it can be found when there is 

a dominant land-use, more output feature values remain the original or towards 

the feature value of the dominant land-use category, the histogram skews to the 

feature value of the dominant land-use, thus reflecting the composition 

proportions of the land uses. Furthermore, the number of different output feature 

values reflects the spatial variations. For instance, comparing the histogram 

graph of group-b, c, the output feature values of maps in group-b are spread to 

more different values while the output feature values of maps in group-c 

concentrate in a small range, corresponding to that the land uses in the original 

maps of group-c distributed more uniformly than group-b. On the whole, the 

land-use descriptors represented by the histogram of the output feature values 

Fig. 2-10 The Land-use Pattern Feature Descriptors of Each Group of Test 
Maps Extract by 5×5 Mean Matrix 

* Each graph consists of two histograms with similar colors (an opaque dashed line and a 

translucent solid line) that are almost with each other. 
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after smoothing captured both the compositional and configurational features of 

the original maps and unified the local and global features of the land-use 

patterns, and successfully identified the land-use pattern of maps in the same 

group. When put the histograms in Fig.2-10 together, it becomes the histogram 

graph-C2-M-k5* in Fig.2-11, the histograms distinguished the land-use patterns 

of different groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The notation at the top-left of each histogram graph denotes the number of land use 

categories contains in the original map and the combination of weight matrix and 

neighborhood size employed in the smoothing operation. Specifically, the notation takes the 

form of “C (the number of land-use categories)- (the type of weight matrix)-k (the 

neighborhood size)”. As to the type of weight matrix, “M” denotes the mean matrix, “IDW” 

represents the inverse distance matrix, and “G” represents the 2D Gaussian matrix. For 

example, “C2-M-k3” means the histograms are the distribution of output feature value of 

binary maps after smoothing by a 3 × 3 mean matrix. This notation rule is consistent in other 

parts of this dissertation. 

Fig. 2-11 The Land-use Pattern Feature Descriptors Extracted with Different 

Combination of Weight Matrices and Neighborhood Sizes 
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Fig.2-11 shows the histograms of all tests maps after smoothing with different 

combinations of weight matrices and neighborhood sizes, illustrating the 

influence of weight matrices and neighborhood sizes on the land-use pattern 

descriptor. The histograms of maps in the same groups were given similar line 

colors. It can be observed that in either situation, the histograms of maps in the 

same group almost overlap with each other, and the histograms of maps in 

different groups distinguish from each other. The similarity is calculated based 

on the land-use pattern descriptors according to equation (3). Therefore, although 

the histogram correlations vary when the combination of weight matrix or 

neighborhood size in the smoothing operation varies, they all suggest consistent 

results with the histogram graphs in Fig.2-11. As an example, Table.2-1 displays 

the results of land-use pattern similarity when the weight matrix = Mean and the 

neighborhood size � = 3, 5, and 7, respectively. 

In Table 2-1, the correlations between maps of the same group are close to 1, 

suggesting their land-use patterns are almost the same, whereas the correlations 

between maps of different groups indicate their land-use patterns distinct from 

each other in different degrees. The fact that similarity evaluation varies with 

different neighborhood sizes illustrated how the definition of the minimum land-

use cluster size affects the land-use pattern descriptor. Particularly, the 

similarities of a-b*4) for instance, when the neighborhood size � =  3 , their 

similarity is about 0.7. However, while � =  5, their similarity largely decreased 

to 0.2. The reason is that when creating maps in the b-group, the aggregation level 

of land uses was controlled by setting the land-use patch sizes to [3,5]. Therefore, 

when the neighborhood size is defined as � =  3, many of the land-use cells will 

be able to remain their initial value after smoothing, which is similar with a-

group; whereas, when � = 5, only the land-use cells in the center of the patches 

larger than 5 × 5 remain unchanged after smoothing, in this case, much fewer 

land-use cells’ feature value remained the original, thus its similarity with a-

group becomes lower. Accordingly, it becomes clear that the neighborhood size 

determines the aggregation level discrimination standard, thus influencing the 

pattern descriptor. 

Besides, in the situation of C2-M-K3, the similarities between a-b group and a-d 

group are both about 0.7, however, the similarity between b-d group are about 

0.4, which demonstrated that the proposed method are able to evaluate the 
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similarity between land-use pattern with integrative consideration of 

composition and distribution properties. 

Consequently, this experiment exemplified how the pattern descriptors 

represent the land-use pattern features in the corresponding map, and the results 

verified the effectiveness of our method in comparing the land-use pattern of 

binary land-use maps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2-1 The Similarity of Land-use patterns (n=2) 
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2.4.2 Experiment of 4-category Land-use maps Comparison 

1) Test Data: With the NLMpy python module, we generated 6 groups of 

random maps composed of 50×50 land-use cells and contained 4 categories 

(yellow, blue, red, green = Y, B, R, G) land uses, each group have different land-

use pattern features. As Fig.2-12 suggests, maps of a, b, c groups have equal 

composition proportions of Y:B:R:G = 1:1:1:1, while d, e, f groups are Y:B:R:G = 

7:1:1:1. As to spatial relationships, land uses in group-a, d have the same 

aggregation level; group-b are fragmented and dispersed, while e-group are 

composed of small patches; e, f-group have a hierarchical structure where the red 

cells randomly dispersed in the yellow area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the 4-category maps, the aggregation level of maps in a, d groups were both controlled 

by mdp() function (parameter h = 0.75), and b group was also based on mdp() function 

(parameter h = 0.1), e group was controlled by randomClusterNN() function (parameter p = 

0.4),c, f groups were hierachical combinations of mdp() model (parameter h = 0.75 for yellow, 

green and blue cells ) and random() function (for red cells). As to the composition, land uses 

in a, b, c groups have the equal proportion of Y:B:R:G = 1:1:1:1, while in d, e, f groups are 

Y:B:R:G = 7:1:1:1.(classifyArray() function) 

 Fig. 2-12 Simulated Land-use Maps of 4 categories 
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2) Experiment and Result: For land-use maps (Fig.2-12) composed of 4 

categories of land uses (G, R, B, Y), the land-use feature values were initialized 

according to Equation (1), i.e. the four feature values for 4 categories are (� =

 255 ∗ ��, � = 255 ∗ �
��

� , � = 255 ∗ ���, � = 0 ). Then the test maps were 

smoothed with different combinations of weight matrices (mean, inverse 

distance, and 2D Gaussian) and neighborhood sizes (� =  3,5,7,9), the pattern 

descriptors in each smoothing situation are represented as histogram graphs in 

Fig.2-13. In each histogram graph of Fig.2-13, the histograms of maps in the same 

group were given similar colors, thus the land-use pattern descriptors of each 

group can be observed more clearly. As a result, it can be observed in each graph 

of Fig.2-13, the land-use pattern descriptors defined by different combinations of 

Fig. 2-13 Land-use Feature Descriptors of 4-category Maps Extracted with 
Different Combination of Weight Matrix and Neighborhood Size 
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weight matrix and neighborhood sizes successfully distinguished the land-use 

pattern features of maps in different groups. 

As Fig.2-13 suggests, the counts at the initial land-use feature values 

corresponding to the areal occupancy and the aggregation level of each land-use 

category:  specifically, the more aggregative a land-use category is, the more 

land-use cells remain the original feature values (e.g., yellow cells in a, d, e group, 

blue cells in all groups), on the contrary, the more dispersed, fewer cells remain 

their initial feature values. As to the areal occupancy, when there are dominant 

land-use cells in a map, the histograms skew to the feature value of the dominant 

land-use (e.g., d, e, f groups). Besides, the number of different output feature 

values corresponding to the spatial variation of location relations between land-

use cells, the more fragmented and heterogeneous, the output feature values will 

be scattered to more different values, the histograms have a higher frequency of 

fluctuations (e.g., b group). Consistent with the binary maps, the land-use 

descriptors well represented the desired land-use pattern features.  

Also, similarity evaluation based on the histogram correlations suggested 

consistent results with the histograms in Fig.2-13. Table 2-2 displays the 

similarity assessment results when the maps were smoothed with different 

5 × 5 weight matrices (Mean, IDW, 2D-Gaussian), to illustrate how different 

weight matrices affect the land-use pattern feature descriptors. When applying a 

complex matrix (such as 2D-Gaussian), the location relations of land-use cells are 

distinguished more delicately, thus more different numbers will be needed to 

label different neighborhood patterns, and the pattern descriptor will contain 

more elements. Therefore, when computing the similarity based on the pattern 

descriptors, the results will vary when employ a different weight matrix as a 

feature extractor. Nevertheless, as Table 2-2 suggests, in spite of the different 

weight matrices employed in the image smoothing process, the histogram 

correlations between maps of the same group are close to 1, suggesting they are 

almost the same; the histogram correlations between different groups 

successfully distinguished the maps in different groups according to the 

similarity level of their land-use pattern descriptors(histogram). Take group-a for 

an example, the similarities of a-c are about 0.7, which is the highest similarity 

between all different groups. This is understandable since they have the same 

composition proportion, and the blue and green cells were generated with the  
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same configurational parameters. Also, the similarities between a-d are greater 

than 0.5, suggesting a relatively high similarity between maps in a-group and d-

group. This is also rational because although their land uses composition 

proportion differs, they have the same spatial relationships. Moreover, although 

both c-group and d-group have relatively high similarities with a-group, the 

Table 2-2 The Similarity of Land-use Patterns (n = 4) 



Chapter 2 A Land-use Pattern Comparison Method Based on Image Matching    

 

  46 
 

similarities between c-d are close to 0 since they differ in both composition 

proportions and spatial distribution. This demonstrated that the proposed 

method assesses the similarity of land-use patterns according to both the land-

use composition and their spatial relationships. 

Besides, the high similarities between group d-e in Table 2-2 illustrated the 

neighborhood size’s influence on the discrimination of land-use pattern: because 

the land-use patches are generally larger than 5 × 5 in maps of d and e groups, 

the image smoothing with a 5 × 5 matrix will not be able to differentiate them. 

To distinguish the land-use patterns in d and e groups, a larger neighborhood 

size should be defined when executing image smoothing. 

On the whole, the experiment results illustrated how the pattern descriptors 

defined by the proposed method represent the land-use pattern features in 

corresponding maps, and verified the effectiveness of this method in comparing 

the land-use patterns between the multi-categorical land-use maps. Also, this 

part intuitively illustrated the influence on the land-use pattern descriptor when 

employing different combinations of weight matrix and neighborhood size as a 

feature extractor. In addition, due to the computation efficiency, this part 

computed the histogram similarity based on 256 bins, which reduced the 

accuracy of the similarity computation. This relates to the limitations of the 

proposed method, which will be further discussed in section 2.6. 

 

2.5 A Sample Application of the Method 

To illustrate the applicability of our method, we applied it to the comparative 

analysis of the land-use pattern in a 1km × 1km square area surrounding 

Shinkansen stations. The sample Shinkansen stations include stations of 4 

regional center cities (Takasaki, Toyama, Nagano, and Kanazawa) and 2 major 

cities (Sendai and Hakata). The land-use data is the 100-meter land use 

subdivision mesh data of urban areas published by the Policy Bureau of the 

Ministry of Land, Infrastructure, Transport and Tourism, 2016. The land-use 

composition and distribution situations of the 6 sample station areas are shown 

in Fig. 2-14, and the land-use composition proportions*5) of the station areas are 

shown as shown in Table 2-3.  
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Fig. 2-14 Land-use Maps of Shinkansen Station Areas 

Table 2-3 Land-use Composition Proportions of the Shinkansen Station Areas 
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The similarities based on the land-use composition is shown in Table 2-4, 

accordingly, the 6 sample stations can be distinguished into 2 groups: A-group is 

2 stations of the major cities where the Tall Building land occupies about half of 

the area, whereas B-group includes 4 stations of the regional center cities whose 

Low-rise Building land takes over 1/3 of the total station area and the Tall 

Building land together with the dense low-building land takes about 40% of the 

total areas. However, it is hard to further distinguish the spatial characteristics of 

land-use distribution between the station areas according to land-use 

composition proportion. 

Therefore, we applied the proposed method to compare the land-use patterns 

in the sample station areas. Firstly, the feature values of 7 categories of land uses 

([TB, DLB, LB, IB, Trans, OpenL, N]) were initialized according to Equation (2.1) 

where the parameter � =  255 and � = 2. As a result, the feature values for the 

land-use categories are initialized as 255 × [TB =�
��

�  , DLB = �
��

� , LB =�
��

� , IB = 

�
��

� , Trans = �
��

� , OpenL = �
��

� , N = 0], as shown in Fig.2-14. Then land-use maps 

Table 2-4 Similarity Based on Land-use Composition Proportions 

Table 2-5 Similarities Based on Land-use Pattern Feature Descriptors 
Extracted with the 3×3 Mean Matrix 
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were smoothed with a 3 × 3 mean matrix. Since the mesh data is composed of 

100 meter × 100 meter cells, the 3 × 3 neighborhood on the map corresponds to 

a 300 meter × 300 meter area in the city, we consider it as a reasonable range for 

the identification of a land-use cluster, and it is a range that can be considered to 

be spatial indifferent. The similarity is computed based on Equation (3), and here 

we set the number of bins � = 10� to ensure the accuracy when computing the 

similarities between pattern descriptors. The results are as shown in Table 2-5. 

This result not only distinguished the compositional difference between stations 

of A-group (Sendai, Hakata) and B-group (Takasaki, Nagano, Toyama, 

Kanazawa), but also furtherly distinguished their differences in spatial 

distribution: among 4 stations of the regional center cities, Takasaki and Nagano 

are apparently more similar than other two stations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2-15 Histogram of Smoothed Land-use Maps of Shinkansen Station Areas 
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Fig.2-15 displays the pattern descriptors of maps as histograms, providing 

intuitive reference to analysis the land-use pattern features of the station areas. 

As shown in Fig.2-15, the histogram of Sendai and Hakata skew to 255, indicates 

the tall-building land cells are aggregative and dominant in the station area; 

whereas the histograms of station areas of 4 regional cities concentrate around 

255 ∗ ��� (LB≈ 93), indicates the low building land takes most of the total station 

area. Moreover, the counts at 255 ∗ ���  in the histograms of Takasaki and 

Nagano are greater than in Toyama and Kanazawa, indicating the low-building 

land cells are more aggregated in Takasaki and Nagano. Besides, histograms of 

Toyama and Kanazawa have a larger spread and higher frequency of fluctuations, 

suggesting the distribution of land-use cells in Toyama and Kanazawa are more 

fragmented and have more spatial variations. 

In summary, this application demonstrated the proposed method provided an 

effective method to quantify the similarity level of the land-use patterns in urban 

areas with integrative consideration of the compositional and configurational 

characteristics. Moreover, the histogram of output feature values provided an 

intuitive reference for analyzing the characteristics of land-use patterns. 

 

2.6 The Limitation of the Method 

The histogram graphs in Fig.2-11 and Fig.2-13 in section 2.4 have illustrated that, 

the land-use pattern descriptor varies when employing different combinations of 

weight matrix and neighborhood size in the image smoothing, thus influencing 

the land-use pattern similarity evaluation. This section discusses the parameters 

that influence the land-use pattern descriptor, thus clarifying the limitations and 

the applicability of the method. 

2.6.1 The Trade-off between Computation Efficiency and Accuracy  

According to the algorithm in section 2.3, the initial land-use feature values are 

defined by Equation (2.1), while the elements of the land-use pattern descriptor 

are the counts for different output feature values which are determined by the 

number of different neighborhood patterns. Generally, for a land-use map 

composed of �  land-use categories, the number of elements constituting the 
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pattern descriptor equals the number of ways to arrange �-category of land uses 

in � × � land-use cells according to the location relations defined by the weight 

matrix. Their mathematical relation is explained in Note*6). Table 2-6 gives the 

number of elements contained in the land-use pattern descriptor when 

employing different combination of neighbor cells’ location relation definition 

(weight matrix) and neighborhood size (�) in different situations of land-use 

composition ( �  categories). With the number of land-use categories, the 

complexity of land-use cells’ location relation and the neighborhood size 

increasing, more numbers will be needed to label all different neighborhood 

patterns, the pattern descriptor will consist of more elements. According to 

equation (1), the elements of pattern descriptor will be distributed in the range of 

[0, �]. Therefore, the number of descriptor elements become greater, the intervals 

between the elements become smaller. However, when computing the similarity 

according to Equation (2.3), the number of the histogram bins � influences the 

shape of the histogram. When the number of histogram bins is less than the 

number of descriptor elements, the counts of multiple output feature values will 

be merged into one histogram bin, the counts at each histogram bin no longer 

correspond to a unique neighborhood pattern, which changes the shape of 

histogram thus influencing the accuracy of the land-use pattern similarity 

evaluation.  

 

 

 

 

 

 

 

 

 

Table 2-6 the Number of Elements Composed of the Land-use Pattern 
Descriptor in Different Situations 
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Accordingly, to ensure accuracy when computing similarity between two land-

use pattern descriptors, the bin width of the histogram should be narrower than 

the intervals between the descriptor elements to avoid the merge of the histogram 

bins. Therefore, assuming the intervals between the output feature values are 

uniform, the number of bins should at least equal the number of elements 

constituting the pattern descriptor (i.e., numbers in Table 2-6). However, 

according to Equation (2.3), the computational complexity of histogram 

similarity grows with the number of histogram bins, making this method 

computationally inefficient. In experiments of section 2.4, we set the number of 

bins equals 256, as a result, in the cases when the number of descriptor elements 

is greater than 256 (such as C2-IDW-k5, C4-M-k5), the counts at each bin 

correspond to multiple neighborhood patterns, making the correspondence 

between the shape of the histogram and the land-use pattern feature less 

discernible. Therefore, although the results in Table-2-2 are acceptable, they are 

inaccurate. 

2.6.2 Parameter Determination and Optimization 

Indubitably, the merge of histogram bins will change the shape of the histogram. 

However, we found when the intervals between output feature values are 

relatively even, the merge of histogram bins will cause less change to the shape 

feature of the histogram. Therefore, when generating the land-use feature values, 

we kept the intervals relatively even by controlling the parameters of � and � in 

equation (1). Besides, when devising the weight matrix, the contribution rate of 

each land-use cell should be significant by adjusting the parameters of �  in 

equation (2.5) and � in equation (2.8). *7) However, as to the optimal value of these 

parameters and the range of a rational number of histogram bins � , further 

studies are needed. In practice, we can avoid the merge of histogram bins by 

setting the width of bins smaller than the intervals between the output feature 

values (e.g., section 2.5 set � = 10� ), although this will sacrifice the 

computational efficiency. 

An alternative is to reduce the number of pattern descriptor elements by 

defining the neighborhood with a simple location relation (e.g., Mean) and small 

neighborhood size (e.g., 3×3,5×5). For a fixed number of land-use categories, the 

number of descriptor elements is determined by how the neighborhood patterns 
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are defined. The more complicated the neighborhood patterns are defined, the 

pattern descriptor will reflect more detailed features on the neighborhood level, 

making the characteristics of the overall land-use pattern less discernible, which 

might contradict the purpose of the land-use pattern identification. In practice, it 

is rarely necessary for the urban land-use pattern comparison to define the 

location relation with a complex matrix such as IDW or 2D Gaussian. In urban 

studies, the common land-use maps are middle scales such as 1:100-meter, 1:200-

meter, and so on. In such cases, to distinguish the land-use clusters in the urban 

area, usually a 3×3 or 5×5 neighborhood will be sufficient, and it is usually 

unnecessary to distinguish the locations in the corresponding city area of such 

neighborhood range. As the sample application of section 2.5 shows, the 3×3 

mean matrix has helped to identify the land-use pattern features well. Therefore, 

when dealing with the land-use patterns in urban studies, a 3×3 or 5×5 mean 

matrix is recommended. Although the 3×3 or 5×5 matrix indeed has limited 

ability to distinguish land-use patterns when the land-use clusters in the maps 

are generally greater than 3×3 or 5×5 units, in such cases, optimizing approaches 

such as the map resolution transformation or multi-layer feature extraction can 

be helpful. Nevertheless, such optimizing approaches still need further studies. 

Considering the scales of commonly used land-use maps in urban studies, it is a 

good start with a 3×3 or 5×5 mean matrix. 

 

2.7 Summary 

In this chapter, we introduced an image matching approach to the land-use 

pattern comparison and developed a novel land-use pattern comparison that 

integratively measures the similarity level of both compositional and 

configurational features of land-use patterns. Specifically, the proposed 

approach applies image smoothing as a land-use pattern feature extractor to 

characterize and numerically quantify the integrative characteristics of 

composition and spatial relationships as a land-use pattern descriptor. The land-

use pattern descriptor we defined can be represented by the distribution of 

smoothed output feature values (histogram), thereby the land-use pattern 

similarity can be computed based on the land-use pattern descriptors. This 

chapter explained the algorithms of the proposed method, and verified its 
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effectiveness through experiments with simulated random maps, and 

demonstrated its applicability in urban studies through a sample comparative 

analysis of land-use patterns in Shinkansen station areas. Besides, this paper 

discussed the principles to choose the parameters in the algorithm and clarified 

the limitation and applicability of the proposed method.  

In contrast to many existing land-use pattern comparison approaches which are 

based on some specific indices that measure the spatial structure of a 

phenomenon and reveal the underlying spatial process, the proposed method in 

essence is an image matching approach that compares maps based on the land-

use pattern features extracted by the devised feature extractor. Therefore, the 

proposed method focuses on the visual similarity of land-use patterns without 

considering the underlying spatial process. Instead, this method provides a fine 

similarity measurement between land-use patterns with integrative 

consideration of the composition and spatial relationships between land uses, 

which provides a good source for further classification. 

However, further study is needed to optimize the parameters in the algorithm 

and improve the applicability of this method. Nevertheless, this study is a 

meaningful attempt to apply the image matching techniques to the land-use 

pattern comparison. Compared with the traditional land-use analysis method, 

the image matching approach is more efficient in handling a large amount of map 

data. Furthermore, this study presented a method to extract geospatial pattern 

information from maps through the image smoothing process and provided 

references to further applications of image processing and machine learning to 

the study of urban development regularity. 

 

Notes 

*1).  For a gray scale (� × �) image and (� × �) filter/kernel, the dimension of 

the image resulting from a convolution operation is (� − � + 1) ×  (� − � + 1), 

this is known as the boundary effect in image processing. For example, for an 

(10×10) image and 3×3 kernel, the output resulting after convolution operation 

would be of size (8×8). To preserve the shape of the image, a common solution is 
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to make the input image large by simply adding some values to the border of the 

image, which is called padding. Padding can be implemented by adding a certain 

constant, using a replicated copy of the boundary pixel, and other methods. [65] 

In the proposed method, we simply replicate a copy of the boundary pixel, based 

on the spatial assumption of near things are usually more similar than distant 

things. 

*2). For all the land-use maps in this study, the colors are only for visualizing 

different land-use categories on the maps, the land-use feature values do not 

necessarily correspond to the color intensity values. 

*3) The histograms are normalized to [0,1] to make the fluctuations trends of 

histograms easier to observe.   

*4) “The similarities of a-b” is short for “the similarity between maps of a-group 

and b-group”. Other parts of this paper also take this form when discussing the 

similarities between maps of two groups. 

*5) The original land-use data has 17 subdivisions of land uses, which are too 

many for the analysis of the land-use pattern of the urban area, thus we merged 

some subdivisions and reclassified them into 7 categories. The original 

subdivision of land-use can refer to:  

https://nlftp.mlit.go.jp/ksj/gml/codelist/LandUseCd-09-u.html 

*6) For a land-use map composed of �  land-use categories, the number of 

different neighborhood patterns equals the number of ways to arrange � -

category of land uses in � × � land-use cells according to the location relations 

defined by the weight matrix.  

When the locations of neighbors are defined by mean matrix, all the � × � land-

use cells are the same (Fig.2-8-a), the number of elements composed of the land-

use pattern descriptor is: 

� = �������
��� =

(�� + � − 1)!

(� − 1)! (��)!
 (� = 3, 5, 7 … ) 

   when employ the inverse distance weight matrix, the � × � land-use cells are 

distinguished into 
���

�
 groups according to the land-use cells distance to the 
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center cell, and except the center cell, each group has 4� − 4 (� = 3,5,7 … , �) cells 

(Fig.2-8-b), the number of different neighborhood patterns equals the number of 

combination of ways of to arrange n categories of land uses in each group of land-

use cells in the neighborhood, therefore, the number of elements composed of 

land-use pattern descriptor can be represented as: 

� =  ��
� � ���������

���

�

���

 

= � �(
(4� − 4 + � − 1)!

(� − 1)! (4� − 4)!
)

�

���

 (� = 3,5,7 … ) 

   Similarly, in the case of the 2D-Gaussian weight matrix, the land-use cells in a 

� × �  neighborhood are distinguished into 
(���)(���)

�
 groups. Among them, 

besides the center cell, there are � − 1 groups which contain 4 land-use cells with 

the same weights, and 
(���)(���)

�
  groups which contain 8 land-use cells with the 

same weights (Fig.2-8-c), thus the number of pattern descriptor elements is: 

� =  ��
�(������

��� )���(������
��� )∑ �

���
�

���  

= �(
(4 + � − 1)!

(� − 1)! 4!
)���(

(8 + � − 1)!

(� − 1)! 8!
)

(���)(���)
�  (� = 3,5,7 … ) 

*7) When the Gaussian standard deviation � = 1 , the weight decreases 

drastically with the distance to the central cell increasing. In this case, when the 

neighborhood size � > 5 , the weights of land-use cells outside the 5 × 5 

neighborhood are close to 0, thus these land-use cells’ feature values barely have 

a contribution to the output value. This explains the reason that the histograms 

land-use maps smoothed with 2D-Gaussian in Fig.4-3 and Fig.5-3 barely changed 

when neighborhood size � > 5.  
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Chapter 3  

The Land-Use Patterns of the Shinkansen 

Station Areas 

This chapter applies the land-use pattern comparison method developed in 

Chapter 2 to compare the land-use patterns between 91 existing Shinkansen 

station areas. The image-matching-based method provides a similarity 

measurement between the land-use patterns of different Shinkansen station areas, 

based on which we computed the pairwise distances and classified the land-use 

patterns of station areas into different groups with Hierarchical clustering. In this 

way, the station areas of the same groups will have not only similar land-use 

composition proportions but also similar spatial characteristics. Specifically, 

Section 3.1 specifies the research objects and the map data source. Then, Section 

3.2 introduces the method to calculate the land-use pattern similarity and the 

method to convert the similarities to the pairwise distance for clustering. Section 

3.3 clarifies the land use pattern features based on the clustering result. Section 

3.4 discusses the trend of land-use patterns of station areas in cities of different 

population scales. Section 3.5 summarizes this chapter. 

  



Chapter 3 Land Use Pattern of Shinkansen Station Areas    

 

  58 
 

3.1 Study Objects and Data 

This part focused on the land-use situation in the 1-kilometer radius range 

around each of 91*1) existing Shinkansen stations, as Fig. 3-1 suggests. The land-

use data is the 100-meter land use subdivision mesh data of urban areas of 2016 

published by the Policy Bureau of the Ministry of Land, Infrastructure, Transport, 

and Tourism. Namely, as Fig.3-1 shown, every square land-use unit in the map 

corresponds to a 100×100 �� area in the city. Besides, the original land-use data 

has 17 subdivisions, which contains some subdivisions we are not interested in. 

Therefore, we merged the subdivision into 7 categories, as Table 3-1 suggests.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-1 Study Objects: 91 Shinkansen Stations and The Range of a Station Area 
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3.2 Method  

To make clear the land-use patterns around 91 existing Shinkansen stations, we 

extract the land-use pattern features of the station areas then classify them into 

different groups. Specifically, as shown in Fig. 3-2, the analysis can be divided 

into 2 steps: firstly, we compute the similarities between land use maps based on 

the proposed land-use pattern comparison method developed in chapter 2; then, 

we compute the pairwise distance based on the similarity and implement 

hierarchical clustering to classify the station areas into different groups. The land-

use patterns are clarified by summarizing the land-use pattern features of each 

group.  

3.2.1 Image Similarity  

To calculate the similarity, firstly, we need to convert the map data to a numeric 

array. As Fig. 3-3 suggests, the map was resampled to a 20×20 image, so that the 

image has the same resolution as the original map. *2) Then, we initialize the land-

use feature values based on Equation (2.1). Specifically, there are 7 categories of 

land-uses in the source maps, however, we need one more feature value to label  

Table 3-1 The Subdivisions of Land Use Data 
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the background (NaN) of the image. Namely, we need � = 8 initial feature values 

to label all the units in a map. Therefore, considering the intervals between the 

initial values, we set the parameters in Equation (2.1) as �  = 255 and � = 3 . 

Namely, the numeric representations of land use maps are based on following 

Equation 3.1:  

�� = �

���

�
�
�

 (� = 0,1,2, … , � − 2)

0                       (� = � − 1)
    Equation (3.1) 

Where � is the index for each land-use category. 

As a result, the units in the map were labelled according to their land-use 

properties, as 255 × [TB =�
��

�  , DLB = �
��

� , LB =�
��

� , IB = �
��

� , Trans = �
��

� , OpenL 

= �
��

� , N = �
��

� ,NaN = 0], as shown in Fig. 3-3. 

Then, considering the map scale and the study area, the land-use pattern 

features were extracted with a 3 × 3  mean matrix and represented as the 

Fig. 3-3 Study Flow and Method Fig. 3-2 The Initialization of 
Land-use Feature Values 
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histograms of the output feature values. The similarities were computed based 

on the histogram correlation between land-use pattern feature descriptors 

according to Equation (2.3). According to Table 2-6, when calculating similarities, 

the number of histograms � =  12000. 

3.2.2 Hierarchical Clustering 

To classify the land-use patterns based on their land-use pattern features, firstly, 

we need to compute the pairwise distances between station areas. However, the 

similarities were based on the histogram correlations, for which we cannot 

operate dynamic clustering such as K-means. Instead, we used hierarchical 

clustering. For hierarchical clustering, the pairwise distances of the land-use 

pattern features of two station areas �����(�, �) can be computed according to 

Equation (3.2): 

�����(�, �) = 1 − ���(�, �)�     Equation (3.2) 

Where ���(�, �)  denotes the histogram correlation between the land-use 

patterns of two maps. 

We take the squared form of the similarity for it avoids dealing with minus 

correlations and it corresponds to the form of Euclidean distance for 

standardized data, therefore, it preserves the original resemblances better. 

Besides, for the process of iteratively merging clusters to clusters, we use the 

complete-linkage method [77]as Equation (3.3) suggests: 

�(�, �) = ���(�����(�[�], �[�]))   Equation (3.3) 

Namely, merge the clusters based on the maximum distance between members 

of clusters. The complete-linkage method is more robust to outliers and allows 

us to find compact clusters. [78] 

As a result, the dendrogram is shown in Fig.3-5. The cophenetic correlation 

coefficient [79] evaluates how well a dendrogram preserves the pairwise 

distances between the elements in the original dataset. The cophenetic correlation 

coefficient when calculating the pairwise distances with a squared form is 0.72, 

suggesting the clustering result matches the original resemblances well. 
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The final step is to cut the dendrogram to get the final clustering result. Any 

unsupervised clustering task has to face the problem of the optimal number of 

clusters, which is still a problem that has not been solved well. For hierarchical 

clustering, it has the advantage of not having to pre-define the number of clusters. 

Instead, it records the sequences of merges or splits with a dendrogram, which 

provides an intuitive reference for choosing the number of clusters. Besides, we 

introduced a variant of the elbow method to help determine the number of clusters. 

Since the desired clustering result is when reaching the maximum inter-cluster 

variation and the minimum total intra-cluster variation, the elbow method is 

based on the concept that the optimal number of clusters is most efficient for 

minimizing the total intra-cluster variation. [80]  In other words, the optimal 

number of clusters is when adding another cluster does not improve much better 

the total intra-cluster variation. To correspond to the distance in the dendrogram, 

here instead of the within-cluster sum of squares, Fig.3-4 shows the inter-cluster 

distance growth, and the optimal cluster number is the clustering step where the 

acceleration of distance growth is the biggest.  Accordingly, the optimal cluster 

number is 6, therefore the dendrogram is cut-off to get 6 clusters as shown in Fig. 

3-5. 

  

Fig. 3-4 The Optimal Number of Clusters (Elbow Method) 
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According to the classification results, the land-use patterns of 91 Shinkansen 

station areas were classified into 6 groups. However, it can be found that Type-I 

and Type-II are both composed of more than 20 stations, while other groups only 

contain about 10 members or fewer. Moreover, by observing the dendrogram of 

group 1 and group 2, clearly there exists intra-clusters in these two groups. 

Therefore, with integratively consideration of the number of members in every 

group and the inter-cluster distances, we furtherly classified Type-I and Type-II 

into 2 sub-types, as Fig.3-5 suggests. 
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Sub-clusters for Type-I 

Sub-clusters for Type-II 

*When cut-off at the 
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members, it will be 
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representativeness. 

*When cut-off at the 

distance of 0.6, there 

will be a group 

composed of only 4 

members, it might be 

an insufficient sample 

number. 

* 

* 

Fig. 3-6 Identifying the Subtypes 
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Table 3-2 The Land-use Patterns Clustering Result 

ID  Land use Pattern Features Sample Stations 
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Type I-1 (6 stations):  Morioka, Mihara, Kurume, Kumagaya, Kitakami, Aioi 
Type I-2 (22 stations): Maibara, Iwate-Numakunai, Urasa, Echigo-Yuzawa, Shin-Kobe, Shin-Hakodate-
Hokuto, Annakaharuna, Higashihiroshima, Jomo-Kogen, Shin-Minamata, Shin-Omuta, Shin-Yatsushiro, 
Shin-Iwakuni, Shin-Tamana, Shichinohe-Towada, Kurobe-Unazukionsen, Shin-Hanamaki, 
Mizusawaesashi, Kurikoma-Kogen, Chikugo-Funagoya, Honjowaseda, Joetsumyoko 

T
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B
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t 
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Type II-1 (12 stations): Oyama, Sakudaira, Shin-Takaoka, Shin-fujim Hachinohe, Nishi-Akashi, 
Nasushiobara, Odawara, Shin-Shirakawa, Shin-Yokohama, Kakegawa, Shin-Yamaguchi 
Type II-2 (12 Stations): Shin-Onomichi, Izumi, Karuizawa, Gifu-Hashima, Shin-Aomori, Sendai(K), 
Ichinoseki, Shiroishizao, Shin-Kurashiki, Shin-Shimonoseki, Furukawa, Nagano 

T
y

p
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I 

T
B
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Type III 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type III (5 stations): Kokura, Tokyo, Sendai, Shin-Osaka, Hakata 
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ID Land use Pattern Feature Sample Stations 
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Type IV 
 
 
 
 
 
 
 
 
 

 

Type IV (11 stations): Ueda, Toyohashi, Okayama, Ueno, Nagoya, Tokuyama, Kagoshima-Chuo, Kyoto, 
Nagaoka, Omiya, Hamamatsu 
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e Type V: 
 
 
 
 
 
 
 
 
 

 

Type V (11 Stations): Hiroshima, Itoigawa, Iiyama, Kikonai, Atami, Mikawa-Anjo, Ninohe, Tsubame-
Sanjo, Kumamoto, Asa, Shin-Tosu 
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Type VI (12 stations): Mishima, Koriyama, Utsunomiya, Shizuoka, Fukuyama, Shinagawa, Toyama, 
Niigata, Kanazawa, Takasaki, Fukushima, Himeji 
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Table 3-3 The Land-use Pattern Features of Sub-type I-1 and I-2 

Table 3-4 The Land-use Pattern Features of Sub-type II-1 and II-2 
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3.3 Land Use Pattern Features of Shinkansen Station Areas 

According to the hierarchical clustering, the land-use patterns of 91 existing 

Shinkansen station areas have been classified into 6 major types and 2 of which 

were furtherly classified into 2 subtypes, respectively. To clarify the land-use 

pattern features of each group, Table 3-2 displays the histograms of the output 

feature values to help visualize the land-use pattern feature descriptors of each 

group. Table-3-3 and Table 3-4 separated the histograms in Type-I and Type-II 

according to the subtypes. The histogram of every station area was given an 

opacity ���ℎ� =
�

(��� ������ �� ����� �������)
 . Take Type-I for example, there are 

28 stations in total classified as Type-I, therefore, the histogram for every station 

in Type-I had an opacity of 1 28� . In this way, when put all the histograms of the 

same group together, only the common parts of all group members will have 100% 

opacity. As a result, the land-use pattern features can be interpreted from the 

histograms of every group in Table 3-2. Specifically, we will interpret the land-

use pattern features at the global level and local level respectively, and from the 

aspects of both land-use composition and spatial relationships.  

3.3.1 Global Land-use Pattern Features 

At the global level, the land-use pattern features include the overall 

composition and the distribution situation throughout the station area. 

Specifically, composition refers to the areal proportions of land uses, and 

distribution situation can be concluded by the aggregation level of each land-use 

category and the spatial variations of the location relationships between land uses. 

In the histograms, the composition proportions are reflected by the skewness, 

the aggregation level of each land-use category is reflected by the count of the 

initialized land-use feature value, and the spatial variation is reflected by the 

number of unique output feature values, which can be observed from the 

fluctuations of the histogram. Accordingly, the global land-use pattern features 

of the 6 types of station areas can be interpreted as follows: 

Type-I N-dominant type (28 stations): The histograms of Type-I have the 

single peak at the cell count of 255 × �^ (−2), which corresponds to the land-use 

feature value of N, and the output values concentrated around N. Moreover, 
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there are barely any output feature values located between the initial feature 

values of LB and TB, indicating station areas of Type-I generally do not contain 

the TB and DLB. Therefore, Type-I can be concluded as the N-dominant type. In 

these station areas, the Non-construction land not only takes the most areal 

proportion but is also highly aggregated, forming large continuous 

unconstructed areas, whereas other land-use categories have much less 

occupancy and are dispersed in the station areas, as the sample station Shin-

Hanamaki suggests. 

Type-II LB-dominant type (24 stations): The histograms of Type-II have the 

single peak at the cell count of 255× �^((−2)/3), which is the initial land-use 

feature value of the Low-rise Building land. There are few output feature values 

located between the initial feature value of LB and TB. Therefore, Type-II can be 

named the LB-dominant type. Station areas in this group are characterized by a 

large continuous area of buildings of 3 stories or less, which are distributed 

collectively in a low-density form, whereas other land-use categories take much 

less areal proportions and are dispersed in the station area. Shin-Aomori station 

is a typical example of this group. 

Type-III TB-dominant type (5 stations): The histograms of Type-III are 

distinct from other groups for it has significantly more cell counts at 255, 

indicating the land-use clusters of TB. Besides, if we trace the land-use 

combinations represented by the feature values of the peaks at ∼, it can be 

found they represent land uses cells whose neighborhood is composed of TB: 

Trans = 9:0, 8:1, 7:2, 6:3, 5:4, and 4:5, respectively. Besides, 

comprehensively the histograms skew towards the initial land-use feature value 

of TB. Thus, the land-use pattern features of Type-III can be concluded as the TB-

dominant type. In these station areas, Tall-building land takes the most areal 

occupancy. However, instead of forming a large continuous area, the TB cells 

intermixed with Trans cells. A typical example of Type-III is the Hakata station. 

Type-IV DLB-dominant type (11 stations): The histograms of Type-IV differ 

from other groups for the significant single peak at the output feature value 

represent the cluster of DLB. Meanwhile, the majority of the output feature 

values distribute around the feature value of the DLB cluster. Therefore, Type-IV 

was named the DLB-dominant type. In station areas of this group, DLB cells take 
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the most areal occupancy. They are highly aggregated, forming large continuous 

areas of land where buildings of 3 stories or less densely concentrated. In contrast, 

other land use categories take minor occupancy and distribute dispersedly in the 

station area. Okayama station is a typical example of Type-IV. 

Type-V Low-intensity intermixed type (11 stations): the histograms of Type-

V are distinct from type-I ~ IV for they have no significant single peak. Instead, 

the cell counts at the output feature values for N and LB are equally both slightly 

higher than other feature values. Besides, the majority of feature values distribute 

between [0, 255× �^((−2)/3)], and the histograms have more fluctuations than 

Type-I ~ IV. Accordingly, the pattern features of Type-V are concluded as the 

Low-intensity intermixed type. These station areas are mainly formed by the low-

intensity land-use categories, i.e., N and LB cells. They clustered as small patches 

and intermixed, forming a fragmented pattern. A typical example of this group 

is the Shin-Tosu station. 

Type-VI High-intensity intermixed type (12 stations): the histograms of 

Type-VI do not have a significant single peak either. However, in contrast to 

Type-V, the histograms of this group have small peaks at the output feature 

values represent the clusters of TB (255), DLB ( 255 × �^((−1)/3) ), Trans 

(255 × �^((−2)/3)), indicating these station areas have relatively large number 

of TB cells, DLB cells, and LB cells. Besides, most output feature values distribute 

around the initial land-use feature values for DLB and LB, indicating these two 

land-use categories take relatively greater areal proportion than other land-use 

categories, suggesting a relatively high construction intensity. Also, the 

fluctuations of the histograms of this group indicate that the land-use cells in 

these station areas are intermixed, and the land-use pattern is fragmented. 

Therefore, Type-VI can be named as the High-intensity intermixed type. A 

typical representation of this group is the Niigata station. 

3.3.2 The Differences between Subtypes 

Within Type-I, the N-dominant type, subtype-I-1 and subtype-I-2 

distinguishes with each other in the land-use composition. As Table 3-3 suggests, 

the peak value in the histograms of the output maps appears at  ���, indicating 

both of them are characterized by large continuous unconstructed land. However, 
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the cell count of the peak differs a lot, and the feature values for subtype I-1 

spread to more values, indicating the composition proportion of Non-

construction land in I-1 is lower than in I-2, and I-1 has higher spatial variation 

level than I-2.  

As to the subtypes II-1 and II-2, according to Table 3-4, they are both 

characterized by the peak value at the feature values representing the Low-rise 

Building land. However, the specific peak value indicates that the Low-rise 

Building in II-2 has less occupancy and aggregation level. In other words, 

although both station areas of type II-1 and II-2 are dominated by Low-rise 

building land, in II-1 other land uses are also relatively aggregated, thus the Low-

rise building land in II-1 forms a large continuous area. In contrast, in II-2, other 

land uses are scattered in the Low-rise building land area, therefore the Low-rise 

building land in II-2 looks more fragmented than in II-1. 

3.3.3 Local Land-use Pattern Features 

The local land-use pattern feature refers to the composition and distribution 

situation in the defined neighborhood. However, in this study, we have defined 

the 300×300�� neighborhood as a spatial indifference zone by employing the 

mean matrix in the smoothing operation. The local land-use pattern features here 

will only be interpreted as the land-use compositions in the neighborhood. 

Since every different land-use combination in the 3×3 neighborhood 

corresponds to a unique output feature value, the neighborhood land-use 

composition situation can be traced back from the output feature values. Table 3-

5 shows the 5 most frequent feature values in the output map and their 

corresponding land use combinations in the 3×3 neighborhood. Fig. 3-7 is the 

diagram for the 5 most frequent neighborhood land-use composition situations. 

As Table 3-5 suggests, the total percentage of the 5 most frequent feature values’ 

cell count takes less than 30% of the total cell counts. However, considering the 

number of all possible land-use combinations is 11440, namely the theoretical 

probability of observing each feature value is only 1/11440, the first 5 feature 

values can still give an intuition of the land-use location relation in the station 

area.  
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* When computing the percentage, the cell count for the feature value of 0 is not included, because it represents 

background area. Besides, when ordering the cell counts for the feature values, the feature values whose 

corresponding land use combination contains 0 are excluded, because they reflect much information of the 

image background (blank area) and limited information about the land uses. 

*Except 0 and 255, the output feature values are all irrational numbers, for the convenience of expression, 

here displays the approximate values. 

Table 3-5 The First 5 Frequent Land Use Combinations in Land-use Cells’ 

Neighborhood in Station Areas of Different Land-use Patterns 



Chapter 3 Land Use Pattern of Shinkansen Station Areas    

 

  73 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-7 Diagram of the First 5 Frequent Land Use Contiguity Relation at 
Defined Neighborhood Level in Different Land-use Patterns 



Chapter 3 Land Use Pattern of Shinkansen Station Areas    

 

  74 
 

Accordingly, it can be found in station areas of Type-I, the N-dominant type, 

the most frequent feature value corresponds to the situation where the 3×3 

neighborhood is composed of only the N cells, and its percentage of 15.7% 

suggests a significant pattern feature. Besides, the first five frequent 

neighborhood land-use combinations suggested that Type-I's major spatial 

contiguity relation at the neighborhood level is between N cells and LB cells, 

where N cells usually take more than 50% of the areal occupancy. For station 

areas of Type-II, the LB-dominant type, the 5 most frequent land-use 

combinations in the 3×3 neighborhood are composed of LB cells, N cells, and 

Trans cells. Nevertheless, in either case, N cells and Trans cells take less than 2/9 

of the neighborhood. For station areas of Type-III, the TB-dominant type, there is 

no single feature value concentrated significantly more cells than others. Instead, 

the first 5 frequent feature values correspond to the land-use combinations of TB 

cells and Trans cells in the 3×3 neighborhood, indicating the major contiguity 

relationship in these station areas is between TB and Trans. In the station areas 

of Type IV, the DLB-dominant type, the 5 most frequent feature values 

correspond to the neighborhood land-use combinations of DLB, LB, and Trans, 

where the DLB cells are always dominant in the neighborhood. In contrast, in 

station areas of Type-V and Type-VI, none feature value has a significantly higher 

percentage than others, which corresponds to the global features of higher spatial 

variation and a fragmented pattern in these station areas. However, we can still 

observe that the first 5 frequent neighborhood land-use combinations in Type-V 

are composed of the N and LB cells, while in Type-VI are the LB and DLB cells. 

These reflected the difference in the construction intensity between Type-V and 

Type-VI.   

We can find consistency between the local pattern features and the global 

pattern features. The local features give an insight into the location relation of 

land uses in the defined neighborhood (300×300��), specifically, the contiguity 

relationship between different land use categories. Takes Type-I for example, 

with 15.7% of land use cells’ neighborhood is composed of Non-construction land, 

and almost 30% of land use cells’ neighborhood is formed by N and LB cells, 

among which the occupancy of LB cells is always less than 50%, when assembling 

all this neighborhood pattern together, we will get a station area where the Non-

construction land covers most of the station area while small patches of Low-rise 
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Building land scatters in the non-construction area. Similarly, for other types, we 

can depict the land-use pattern feature of the whole station area by assembling 

the neighborhood land-use combinations together. Therefore, the local pattern 

features help us understand how different land-use categories are intermixed 

and how land uses are arranged to form the land-use pattern of the whole station 

area.  

 

3.4 The Trend of land-use Pattern of Station Areas in Cities 

of Different Population Scales  

So far, we have classified the land-use patterns of 91 existing Shinkansen 

station areas into 6 types and clarified the land-use pattern features of each type. 

The land-use pattern features of each group were summarized in Table 3-6. And 

to give a better intuition of the construction situation in each type of station area, 

Table 3-6 displays the aerial photography of the example stations. Then, this 

section is going to detect the relation between land-use patterns and the property 

of the station cities. 

 Fig. 3-8 shows the locations of the land-use pattern types. To further look into 

the trend of the station areas’ land-use patterns in different cities, we classified 

the Shinkansen station cities into 4 groups according to the city population 

because the population scale usually corresponds to the integrative city 

development potential and dynamics. Specifically, small cities are cities whose 

population is under 100 thousand, mid-sized cities are cities whose population is 

between 100 and 300 thousand, core cities are cities whose population is over 300 

thousand, and the government ordinance designated cities (政令指定都市) are 

cities that have a population greater than 500 thousand and have been designated 

as such by order of the Cabinet of Japan according to the Local Autonomy Law 

(地方自治法). Figure 3-9 summarized the composition of the city’s population 

scale in each land-use pattern type group. The trend of land-use patterns of 

station areas in cities with different population scales can be concluded as follow: 

Type-I N-dominant type (28 stations) is characterized by large continuous 

unconstructed land. Among all station areas of land-use pattern Type-I, 92.8% 
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are located in small cities or mid-sized cities, with the small cities takes 64.2%and 

mid-sized cities takes 28.6%. Namely, the N-dominant type is mainly observed 

in cities whose population is less than 300 thousand. Particularly the intermediate 

stations whose Shinkansen were recently constructed, such as intermediate 

stations along Kyushu Shinkansen Line. In these station areas, the formation of 

the large unconstructed area has various causes. Some are related to the 

development stages, such as station areas in the initial development period, 

especially the newly constructed suburb stations along recently extended 

Shinkansen lines like Shin-Omuta stations and Shin-Hakodate-Hokuto stations, 

etc. Also, there are suburb station areas whose development has stagnated for 

years, such as Shin-Hanamaki station, Higashihiroshima station, etc. Besides, 

there are also major city stations in this group, such as Morioka station and Shin-

Kobe station. These stations are located near great rivers or mountains. In such 

station areas, unconstructed land is formed due to the topographic limitation. 

Type-II LB-dominant type (24 stations) is mainly identified in station areas in 

cities with a population of less than 300 thousand, particularly in cities with a 

population of between 100-300 thousand. According to Fig. 3-9, 87.5% of the 

station areas in the Type-II group locate in small cities or mid-size cities, among 

which the small city takes 29.1% and the mid-sized city takes 58.3%. Among 

station areas of Type-II, 12 station areas where the Low-rise Building land 

aggregated together and formed a large continuous area of buildings that are 3 

stories or less were identified as Subtype II-1. In contrast, the other 12 station 

areas where the small patches of other land use scattered in the aggregated low-

rise building area, breaking the low-rise building areas into fragmented clusters 

were identified as Subtype II-2. Fig. 3-9 suggests that both the station areas of 

Subtype II-1 and II-2 are intermediate cities and mostly locates along the Tokaido 

Line, Sanyo Line, and Tohoku Line.  

Type-III TB-dominant type (5 stations):  are all located in government ordinance 

designated cities and typically the central cities of major metropolitan areas. Such 

station areas are characterized by high-intensity land development and 

remarkable transportation property, usually serving as centers for aggregating 

city functions and the national-level transportation hubs. 
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 Type-IV DLB-dominant type (11 stations): is marked for the aggregated Dense 

Low-rise Building land whose areal occupancy dominates the whole station area. 

Fig.3-9 suggests that all the station areas of Type-IV locate in cities whose 

population is over 100 thousand, and more than half are government ordinance-

designated cities. Moreover, it can be observed from Fig.3-8 that the majority of 

station areas in the Type-IV group locates in cities along Tokaido Line and Sanyo 

Line, which had relatively long development history. Besides, many of the station 

areas in Type-IV locates in important region center cities such as Okayama and 

Hamamatsu. 

Type-V Low-intensity intermixed type (11 stations): is a fragmented pattern 

formed by the Non-constructed land and Low-rise Building land mixing with 

other land use categories. In these areas, the Non-constructed land, Low-rise 

Building land, and other land have composition proportions approximate to 1: 1: 

1, there is no single dominant land-use category. 72% of these station areas locate 

in cities whose population is less than 100 thousand. These station areas are either 

recently constructed stations in suburb areas like Shin-Tosu station, Tsubame-

Sanjo station, or station areas limited by the topography or constructions in the 

built-up areas, such as Atami station and Kumamoto station. 

Type-VI High-intensity intermixed type (12 stations): is mainly observed in 

station areas of cities that have a population of over 100 thousand, particularly 

cities whose population is over 300 thousand. In these station areas, Tall-building 

land, Dense Low-rise Building land, Low-rise Building land cells aggregate as 

small patches, intermixing together, forming some discernable land-use zones. 

These station areas are mainly located in the built-up areas of regional center 

cities, with a relatively long development history. However, the urban 

redevelopment of these areas is generally less dynamic than the station areas of 

Type-III and usually have minor scales. The different land use zones in the station 

areas reflect different stages of the redevelopment process in these station areas. 

 

3.5 Summary 

In conclusion, this chapter classified the land-use patterns of 91 existing 

Shinkansen station areas into 6 types based on the land-use pattern comparison 
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method we have developed in Chapter 2 and then clarified the land-use pattern 

features including the land use composition proportions, aggregation level, and 

spatial variation properties at the global level, and the major contiguity 

relationships on the local level. Besides, this chapter discussed the relation 

between the land-use pattern and the population scales of the station cities. As a 

result, it became clear that the land-use pattern of a station area generally 

correlates to the population scale of the station city. 

According to the clustering result, the construction situation around the existing 

Shinkansen station becomes clear. In contrast to the previous existing clustering 

approaches, which tend to classify station areas based on the land-use 

composition proportions, development intensity, station scales, or station cities 

properties, the image matching approach identifies the land-use pattern based on 

the location situation of land-use cells in the station areas. Therefore, the 

clustering result reveals the feature of land-use patterns regardless of the specific 

spatial process or the underlying influential factors. For example, we can observe 

that the station areas of Type-I, the N-dominant type, include station areas that 

are newly developed, station areas whose development has stagnated for years 

due to their isolated locations, and also major city stations whose land 

development is limited by the topography. According to the clustering result and 

the background information of the station areas, we can find due to various 

influential factors, these station areas with different properties formed the same 

land-use pattern in the time slice we observed. 

 However, the land-use pattern also influenced by the development stage of the 

station area due to various construction time of Shinkansen. The next chapter will 

discuss the dynamic land use transformation situation in the station areas to help 

deeper understand to land development situation around Shinkansen stations. 
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Fig. 3-8 Locations of Different Land-use Pattern Types 

Fig. 3-9 The Trend of Land-use Pattern of Shinkansen Station Areas in 
Cities of Different Population Scales 

* Small city: population less than 100 thousand   * Mid-size city: population between 100-300 

thousand     * Core city: population more than 300 thousand      * Government ordinance-designated 

city: population greater than 500 thousand and has been designated as such by order of the Cabinet of 

Japan under the Local Autonomy Law  
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Notes 

*1) Okutsugaru-Imabetsu station is located in a rural area, thus it is not included 

in the urban land-use subdivision mesh data published by the Policy Bureau of 

the Ministry of Land, Infrastructure, Transport, and Tourism. 

*2) According to the standard digital map 100-meter grid defined by the 

Geographic Institution (GSI), the 1000-meter range around a station is not exactly 

20 × 20 land-use cells. The land-use cells on the boundary will be cut-off. 

Therefore, when converting the land-use maps to images, the image needs to be 

resampled to make the station area composed of 20×20 cells. The resampling is 

based on the nearest neighbor interpolation (CV2: INTER_NEAREST_EXACT).
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Chapter 4  

Land Use Transformation in Shinkansen 

Station Areas 

This chapter focuses on the land use transformation situation of Shinkansen 

station areas during 2009 and 2016. Section 4.1 introduces the study flow and 

method. Section 4.2 summarizes the overall land-use change situations in 91 

existing Shinkansen station areas. Then, with the land-use pattern comparison 

method developed in chapter 2, Section 4.3 compares the land-use patterns of 

Shinkansen station areas over time, identifying the station areas with significant 

land use transformation. Section 4.4 analyzes the location trend of the land use 

transformation around stations, clarifies the transformation situation in the 

Shinkansen station areas of the cities with different population scales. Section 4.5 

summarizes this chapter. 
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4.1 The Study Objective and Method 

This chapter aimed to make clear the dynamic land use transformation situation 

around Shinkansen stations during 2009 and 2016 *1). The source data is the 100-

meter land use subdivision mesh data of urban areas of 2009 and 2016 published 

by the Policy Bureau of the Ministry of Land, Infrastructure, Transport, and 

Tourism.  Consistent to the land use pattern analysis in Chapter 3, this chapter 

also focused on the 1000-meter radius range around 91 existing Shinkansen 

stations, as Fig.3-1 suggests. The land-use information of 2009 and 2016 are 

unified as Table 3-1 shows. 

Instead of focusing on one or some specific station areas, this study aimed to 

provide a comprehensive perspective to the dynamic land development situation 

around Shinkansen stations. This chapter discusses the land use transformation 

situation from 3 levels of perspectives: the national level, the regional level, and 

the local level. The study structure and method are shown in Fig 4-1.  

At the national level, we focused on the overall land-use changes of 91 existing 

Shinkansen station areas, based on the statistical summary of the land-use 

composition of 2009 and 2016 and statistical hypothesis test, we testified whether 

and how the land uses of Shinkansen station areas has significantly changed 

during 2009 and 2016.  

At the regional level, the goal is to clarify where is the land use transformation, 

i.e., to identify which station areas developed more dynamically, and which 

station areas’ land development remains stagnated. Specifically, we will employ 

the land-use pattern comparison method developed in Chapter 2 to evaluate the 

level of land-use changes in the station area. According to the proposed land-use 

comparison method, we can get the similarity level ���(���, ���) of a station 

area’s land-use patterns at different times. The similarity level ranges in [-1, 1], 

and 1 means the land-use patterns are exactly the same. Therefore, the level of 

land-use pattern changes can be computed by  1 −  ���(���, ���). Accordingly, 

we discussed the relation between the land-use pattern change level and the 

hierarchy of station cities.   

At the local level, we concentrated on the dynamically developed areas, aimed 

to clarify the location trends of the land development around stations. 
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Specifically, we focused on the central tendency, circumferential distribution 

trend, and radial distribution trend of the land development relative to the 

station. With the geographic distribution analysis, we examined whether the land 

development of each land-use category differs in the different orientations of the 

station and whether the land development of each land-use category varies with 

the distance to the station. Besides, we also analyzed location trends of land 

development in station areas of different city groups, thus discussing the spatial 

pattern of the dynamic land development in different cities.  

This part aimed to provide a comprehensive insight into the dynamic land 

development situation of the Shinkansen station areas. According to analysis 

from a multilevel perspective, the relation between the land development of 

Shinkansen station areas and the regional development will become clearer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4-1 Study Flow and Method 
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4.2 The Overall Land Use Transformation Situation of 

Shinkansen Station Areas 

Table 4-1 summarized the overall land-use composition change of 91 existing 

Shinkansen station areas. To test whether the changes are significant, we need to 

conduct a statistical hypothesis test. Before the statistical hypothesis test, we 

conducted the Shapiro-Wilk normality test [81] to the composition proportion of 

each land use category at 91 station areas, to help determine the appropriate 

statistical hypothesis test method. As a result, the p-values of the Shapiro-Wilk 

normality test for all the land use categories are less than 0.05, indicating the 

distribution of the land-use composition proportions is significantly different 

from the normal distribution. Therefore, we use the Wilcoxon signed-rank test 

[82] to examine whether the differences in the land-use composition proportions 

are statistically significant.   

In consequence, as Table 4-1 suggests, except for the Industrial Building land 

and the Open land, the p-values of the Wilcoxon test for the composition 

proportions of other land use categories are all less than 0.001, suggesting the 

mean of the composition proportions in 2016 are statistically significantly 

different with the composition proportions in 2009. It can be found that the 

average composition proportions of the Tall Building land and the 

Transportation land increased 3.66% and 5.41%, respectively. In contrast, the 

Dense Low-rise Building land, Low-rise Building land, and Non-construction 

land decreased by 2.87%, 4.34%, and 1.85%, respectively, indicating that 

comprehensively the land development in 91 existing Shinkansen station areas 

were becoming more intensive.  

Specifically, Table 4-2 summarized the overall land-use transformation 

situation in 91 existing Shinkansen station areas with a land-use transition matrix. 

In the land-use transition matrix, the row index � is the land-use category of 2009, 

the column index � is the land-use category of 2016. The cell value of actual area 

(�, �) represents the amount of land uses of the corresponding transformation 

situation from � to �, and the probability suggests the proportion of the land-use 

area of such transformation situation occupies the total area of corresponding 

land-use category. For example, 1031.67 in (TB, TB) represents that 1031.67 ha 



Chapter 4 Land Use Transformation in Shinkansen Station Areas    

 

 

86 

Tall Building land remained unchanged during 2009 and 2016, which is 72.56% 

of the total area of Tall Building land in 2009, also 486.53 in (DB, TB) represents 

that 485.53 ha Dense Low-rise Building land of 2009 has become Tall Building 

land in 2016, which is about 11.01% of the total Dense Low-rise Building land in 

2009. Accordingly, the overall land-use transformation situation of 91 existing 

Shinkansen station areas can be interpreted from Table 4-2.  

In Table 4-2, we are particularly interested in the land use that has changed. As 

to Tall Building land, most transition is to Transportation land, indicating that 

the development in Tall Building land area was mostly for increasing road 

density or traffic squares thus improving the quality of traffic system in the 

station area. Similarly, for the Dense Low-rise Building land and Low-rise 

Building land, the transition to Transportation land takes 8.41% and 7.45% of the 

total respectively, implying the land readjustment undergoing in the station 

areas. Also, the major transition from Dense Low-rise Building land and Low-

rise Building land to the Tall Building land indicates the increase of the overall 

land development intensity in station areas. Besides, it can be observed the 

transition from the Non-construction land to Low-rise Building land and 

transportation land, this mostly indicates the land development at the newly 

opened station areas in the suburb areas.  

Comprehensively, it can be concluded that during the year of 2009 and 2016, 

the land development in the Shinkansen station areas has progressed 

significantly. Concretely, the land development in the Shinkansen station areas 

is generally going through the process from Non-construction land to 

construction land, from low-rise to high rise, and the land development has the 

characteristic of improving the intensity and traffic quality.  However, the overall 

situation cannot represent the land development at every individual stations. In 

next section, we are going to clarify where did the transformations happened.  

 

 

 

 

Table 4-1 Overall Land Use Change in 91 Existing Shinkansen Station 

Areas during 2009 and 2016 
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4.3 The Land-use Pattern Change Level of Shinkansen 

Station Areas 

To identify where did the land use transformation happened, we computed the 

similarity level between each station area’s land-use patterns of 2009 and 2016 

based on the image matching based method we have developed in Chapter 2. 

And the level of the land-use pattern changes can be evaluated by 1 − ����������. 

Consequently, the average of the land-use pattern change level is about 0.16, 

however, 54 station areas’ land-use pattern change level is under the average. 

Indicating the majority of the land development concentrated in a small part of 

stations. Fig 4-2 illustrated the land-use pattern change levels of 91 existing 

stations areas. Accordingly, it can be found that the dynamic transformation is 

generally concentrated around stations located in the major cities, most are the 

regional core cities or the government ordinance-designated cities.  

To examine whether the dynamic land development situation differs in station 

areas of different city hierarchy, Fig.4-3 summarized the land-use pattern change 

level of station areas according to the station city scale. As Fig. 4-3 suggests, apart 

from the government ordinance-designated cities (政令指定都市), the cities are 

classified into 4 ranks according to the city population: small cities refer to cities 

whose population is under 100 thousand, mid-sized cities refer to cities whose 

population is between 100 and 300 thousand, and core cities are cities whose 

population is over 300 thousand but not designated cities.  As a result, the mean 

land-use pattern changes level of the small cities and the mid-sized cities are 0.097 

and 0.121 respectively, and the mean land-use pattern change level of core cities 

and designated cities are 0.258 and 0.267. To test whether the differences between 

different city groups are statistically significant, statistical hypothesis test is 

needed. Firstly, the Shapiro-Wilk normality test was implemented to check 

whether the land-use pattern level is normally distributed, which helps 

determine the statistical hypothesis test method. Because the p-value of the 

Shapiro-Wilk test is much smaller than 0.001, indicating the land-use pattern 

levels’ distribution is significantly different from the normal distribution, we 

implemented the Kruskal-Wallis test [82] to the differences of the mean change 

levels between station areas of different cities groups. The result suggests the 

mean change level between the station areas of small cities and the mid-sized 
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cities are not statistically different, and the difference between the core cities and 

designated cities are not statistically different, while the differences between 

other cities groups are significant.  

Therefore, it can be concluded that on the regional level, the dynamic land 

development situation around Shinkansen stations generally corresponds to the 

development trends of the station city: the major cities in the national city system 

often have more developing dynamics, the station areas also have more 

significant changes, while the land development of station areas in small cities 

and mid-sized cities generally have much less progress. Particularly, it can be 

observed in Fig.4-2, the stations located in or near the Tokyo metropolitans and 

the Kitakyushu-Fukuoka metropolis had significantly drastic changes, which is 

consistent with the city development in these regions. For the stations in the 

Tokyo metropolitans, located in the most important city region of the whole 

country, their development was driven by the inexhaustible development 

dynamics of the city. Especially, influenced by the coming 2020 Tokyo Olympics, 

a large number of urban redevelopment projects were implemented in the 

Metropolitan of Tokyo, and the Shinkansen station areas were of course included. 

As to the Kitakyushu-Fukuoka metropolitan area, although it is far away from 

the national economic center, Kanto area, as the most important metropolitan 

area in the Kyushu island, it has the definite attraction and influence on the whole 

Kyushu area. The fact that Fukuoka Prefecture is the prefecture in Kyushu region 

which had a positive population growth according to the report of national 

census of 2015 and the population growth ratio of the Fukuoka cities ranks the 

first among all government ordinance-designated cities demonstrated the 

development dynamics of the station city. [83] In related to the recently opened 

Kyushu Shinkansen (Hakata-Kagoshima section) and currently constructing 

Nagasaki section, Fukuoka city’s role as the regional center has been largely 

strengthened. The development around Hakata station as the transportation hub 

of a regional center city seems natural. However, as to the Tohoku region, it can 

be found cities northern than Sendai has little changes. Similarly, to the stations 

along the Hokuriku Shinkansen (Takasaki-Kanazawa section). Although it has 

been reported that the opening of Shinkansen has positively benefited the 

tourism of these region, nevertheless, it is a short-term influence. [21] Study and 

trials are needed to find appropriate development plans for these regions. 



Chapter 4 Land Use Transformation in Shinkansen Station Areas    

 

 

90 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-2 The Level of Land-use Pattern Change of Shinkansen Station Areas 

Fig. 4-3 The Boxplot of the Land-use Pattern Change Level of 
Station Areas in Cities of Different Scales 
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4.4 The Spatial Pattern of the Land Use Changes around 

Stations 

This section focused on the trend for the locations of the land use changes around 

the station. The purpose is to identify the spatial pattern of the land use changes’ 

distribution around the Shinkansen stations. Specifically, this section will clarify 

the spatial pattern of the land use changes from 2 perspectives: the circumferential 

distribution trend and the radial distribution trend. The circumferential distribution 

trend is to examine whether the land use changes differ on different orientation 

of the station.  The radial distribution trend is to clarify whether the land use 

changes vary with the distance to the station.  

To reduce the influence of the inherent differences of the land use data deriving 

from the land use discrimination biases *2), we selected the station areas whose 

land-use pattern change level is over 0.10. Thereby, 58 stations were selected, 

including 14 station areas in small cities, 16 station aeras in mid-sized cities, 12 

station areas in core cities, and 16 station areas of the government ordinance 

designated cities.  

To make clear the location trend of the land use changes, we summarized the 

relative locations of the land use changes to the Shinkansen station. As Fig 4-4 

suggests, the station areas were rotated to match the form of the standard station 

area, in which the horizontal axis coincide to the extension direction of 

Shinkansen railway and the positive direction of vertical axis indicates the 

orientation of the central city (city hall). Then the frequency of the land use 

change at each location (100×100-meter cell) in the standardized station area will 

be summarized according to city hierarchy of the station city, to observe whether 

the location trends of the land use changes and to testify whether the land use 

changes had different spatial pattern in different hierarchy of cities. 

In addition, section 4.2 has demonstrated that the change of Industrial land and 

Open land is not statistically significant, hence, this section will either not discuss 

their location trends. Besides, this section is only interested in the newly 

increased land use, regardless of the original land use categories. Therefore, this 

section will only discuss the location trend of the newly increased Tall Building 

land, Dense Low-rise land, Low-rise land and Transportation land.  
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As a result, the relative locations of the newly increased Tall Building land, 

Dense Low-rise Building land, Low-rise Building land and Transportation land 

in different hierarchy of cities are summarized in Fig.4-5. It can be observed that 

the newly increased Tall Building land mostly concentrates in station areas of the 

core cities and designated cities, while more of the newly increased Low-rise 

Building land were at the station areas of small cities and mid-sized cities. The 

amount of the newly increased Dense Low-rise Building land did not differ 

significantly in station areas of mid-size cities, core cities and the designated cities, 

but station areas of small cities clearly had less newly increased Dense Low-rise 

Building than station areas of other 3 city groups. Besides, the amount of the 

newly increased Transportation land corresponds to the hierarchy of the station 

city. Accordingly, the composition characteristics of the land use changes in 

different cities groups can be concluded from Fig. 4-5: the majority land use 

changes in station areas of small cities and mid-sized cities are land-use transition 

to the Low-rise Building land and Transportation land, while the land use 

changes in core cities and designated cities are characterized by large amount of 

the newly increased Tall Building land and Transportation land.  

Fig. 4-4 The Diagram for the Standardization of a Station Area 
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4.4.1 The Circumferential Distribution Trends of Land Development  

To examine the circumferential distribution characteristics of the land use 

changes, we added the mean center and the standard deviational ellipse to each plot 

of Fig.4-5. Mean center is calculated by the average of all the newly increased 

land use cells’ geometry center coordinates. The standard deviational ellipse 

defined by the standard deviation of the newly increased land use cells’ x-

Fig. 4-5 The Circumferential Distribution of Land Development around 
Shinkansen Stations 

City Hierarchy Groups: 

1: Small city     2: Mid-size city     3: Core city     4: Designated city 
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coordinates and y-coordinates from the mean center. The mean center reflects the 

central tendency of the newly increased land uses. The ellipse allows us to see if 

the distributions of the newly increased land uses are elongated and hence has a 

particular orientation. Also, the length of the major and minor axes of the ellipse 

reflects the dispersion trends of the newly increased land uses. 

Accordingly, it can be observed that the newly increased land uses indeed have 

different location trends around stations, the circumferential distribution trend 

of each land use categories can be summarized as follow: 

1) Tall Building land: In station areas of the designated cities, the newly 

developed TB cells are uniformly distributed around stations, there is no clear 

directional trend. However, in small cities, mid-sized cities, and core cities, the 

major axes of the ellipse are almost perpendicular to the direction of the railway 

extension, indicating in station areas of these cities, the development of TB has 

the directional trend in the perpendicular direction of the railway, and the 

development extends on both sides of the railway. According to the mean center, 

the development of TB in station areas of small and mid-sized cities is located 

slightly more on the side towards the city center.   

2) Dense Low-rise Building land: The circumferential distribution trend of the 

newly developed DLB cells has no remarkable differences in station areas of mid-

size cities, core cities, and designated cities. The length of the major and minor 

axes of the standard deviational ellipse is almost equal, and the mean centers are 

close to the station, indicating that the development of DLB has no significant 

directional trend in station areas of these cities. In contrast, the mean center of the 

newly developed DLB cells is located in the center city side, and it is distant from 

the station, indicating the development of DLB in small cities concentrates on the 

central city side of the stations. 

3) Low-rise Building land: as the standard deviational ellipse suggests, in 

station areas of either city group, the length of the major axes and the minor axes 

are almost equal, and the mean center is close to the station, indicating the 

development of the LB locates uniformly in either orientation around the station. 

4) Transportation land: it can be observed the major axes of standard 

deviational ellipses of the newly developed Trans cells in station areas of 4 city 
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groups are parallel with the extension of railways and concentrated along the 

railway. However, in station areas of core cities and designated cities, the minor 

axes of the ellipse are longer than the ellipse of the station areas in small and mid-

sized cities. Therefore, apart from the construction of the railway, in the station 

areas of the core cities and designated cities, there might also be a large number 

of land development for the improvement of inner traffic quality of the station 

area. 

 

  

Fig. 4-6 The Radial Distribution of Land Use Changes to The Central Station 

City Hierarchy Groups: 

1: Small city     2: Mid-size city     3: Core city     4: Designated city 
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4.4.2 The Radial Distribution Trend of Land Use Changes  

To analyze the radial distribution trends of the land development with the 

distance to the station, Fig 4-6 summarized the density of the land use 

development in every 100-meter circular ring region around station. Because 

with the distance to the station increasing, the area of the circular ring increases, 

it is naturally more likely to observe more land use development. Therefore, 

instead of summarizing the area of the newly increased land use cells, we 

analyzed the density which is calculated by the total area of the newly increased 

land use cell dividing by the area of the circular ring. Accordingly, the radial 

distribution trends of the land development of Tall Building land, Dense Low-

rise Building Land, Low-rise Building land and Transportation land in station 

areas of 4 different hierarchy of station cities are illustrated in Fig. 4-6. 

1) Tall Building land: In station areas of small and mid-sized cities, the newly 

developed TB cells concentrated more within the 400-meter radius area. In 

contrast, in station areas of core cities, the newly developed TB concentrated 

more between the 200~500-meter radius area. As to station areas of designated 

cities, the density of newly developed TB increased with the distance to the 

station within the 500-meter radius range of that station area, however, on 

average there is no significant increase or decrease trend in the range of the 

200~1000-meter radius area. 

2) Dense Low-rise Building land: The newly developed DLB has the location 

trend to distant from the station. Generally, there is barely any newly developed 

DLB within the 200-meter radius range station area. In the station areas of small 

cities, the newly developed DLB slightly increases with the distance to the station. 

In station areas of mid-sized cities and core cities, the newly developed DLB is 

more concentrated in the area that is 400-meter or more distant from the station. 

In the designated cities, the newly developed DLB was outside the 200-meter 

radius range area and was more likely to be located outside the 500-meter radius 

station area. 

3) Low-rise Building land: In small cities, the newly developed LB has no 

significant difference within the 600-meter radius range area, while it was more 

likely to concentrate in the area outside the 600-meter range. As to station areas 

of mid-size cities, the newly developed LB has no significant radial distribution 
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trend. Namely, the newly developed LB is distributed uniformly in the 1000-

meter radius range station area. In station areas of core cities, it can be observed 

that the newly developed LB is generally outside the 300-meter radius range of 

the station area and is more concentrated outside the 600-meter radius station 

areas. As to the station areas of designated cities, there is no remarkable radial 

distribution trend. 

4) Transportation land: The newly developed Trans is generally more 

concentrated near stations. However, in station areas of core cities and 

designated cities, this concentration trend is much less significant than in small 

and mid-sized cities. This can be related to the fact that there are more newly 

opened Shinkansen stations in small and mid-sized cities, therefore, it is more 

likely to observe the land development related to the railway construction in 

these areas. 

 

4.5 Conclusion and Discussion 

In conclusion, this chapter analyzed the dynamic land development situation 

around Shinkansen stations from the perspectives of the national level, regional 

level and the local level. On national level, this chapter summarized the land use 

transformation of the 91 existing Shinkansen station areas, testified that the Tall 

Building land and Transportation land has significantly increased, while the 

Dense Low-rise Building land, Low-rise Building land and Non-construction 

Building land has significantly decreased, indicating the comprehensive land 

development during 2009 and 2016 has the trend of improving the intensity and 

the traffic quality. Then on regional level, we computed the dissimilarity level 

between the land use pattern of 2009 and 2016 of each station area, thereby, we 

identified the station areas that has dynamically developed and the station areas 

that remain stagnated. In consequence, the major cities tend to have more 

dynamic changes while the small cities have much less land development, the 

dynamic development situation generally correlated to the station cities’ 

hierarchy in the national city system. Finally, this chapter analyzed the location 

trends of newly increased Tall Building land, Dense Low-rise Building land, 

Low-rise Building land and Transportation land in station areas of different 
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hierarchy of station cities. As a result, it can be concluded that the land 

development in station area of small cities and mid-sized is characterized by the 

land use transition to the Low-rise Building land, while the station areas of core 

cities and designated cities are characterized by the increasingly developed Tall 

Building land and Transportation land, and the location trends for the 

development of each land use category varies in different cities groups. 

However, this study only focused on the phenomenon, as to the reason for the 

land use development, it can be complicated, and it always varies in different 

cities. The purposed of this part is to give an insight to the dynamic land 

development situation of Shinkansen station area, to provide reference to 

reconsider the current the land development strategies of the Shinkansen station 

area and the relation between the Shinkansen construction and the station area 

development.  

 

Notes 

*1). The latest urban land-use subdivision mesh data published by the Policy 

Bureau of the Ministry of Land, Infrastructure, Transport, and Tourism was the 

land-use data of 2016. 

*2). The land-use subdivision mesh data provided by the Policy Bureau of the 

Ministry of Land, Infrastructure, Transport, and Tourism is based on the 

discrimination of satellite maps.   Due to the quality of the satellite map and 

algorithm of the land-use discrimination, there exist inherent biases in the results. 

Therefore, the land-use data between different years have inherent differences 

caused in the data collection process.
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Chapter 5  

Functional Composition and Transformation 

Situation of Land Use in Core Shinkansen 

Station Areas 

Insofar, we have clarified the land-development situation of Shinkansen station 

areas. However, the land-use data provided by the Policy Bureau of Land, 

Infrastructure, Transport and Tourism is about the construction situation of the 

land, it cannot specify the composition situation of urban functions like 

residential, commercial, business and amenity facilities. Therefore, this chapter 

looks deeper into the functional composition of the core Shinkansen station area, 

namely, the 400-meter radius range around Shinkansen stations. We collected the 

data reflecting the development situation of urban functions including 

residential, commercial, business and amenity facilities, then we classified the 

core Shinkansen station areas into different groups based on their function 

composition and clarified the characteristics of each group (section 5.3). Then we 

examine the location conditions of each group, discussing the relationship 

between the location conditions and the land development situation of Core 

Shinkansen station areas. (Section 5.4) Finally, we use population to reflect the 

development of residential and the employment to reflect the economic activities, 

thus analyzing the functional transformation situation in the core Shinkansen 

station areas. (Section 5.5)  
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5.1 Study Objects 

This chapter focuses on the urban functions of land uses in the core Shinkansen 

station areas. Specifically, the urban functional composition of land uses refers to 

the condition of urban functions including commercial, business, residential and 

amenity facilities aggregating in a core station area. In this part, we focused on 

the 400-meter radius range around 92 exiting Shinkansen stations, as shown in 

Fig.5-1. We will analyze the composition situation of the urban functions in the 

core station areas and classify them into different typologies, then discuss the 

relationship between land development situation and the stations’ location 

condition. Besides, we also examined the functional transformations in the core 

station area, thus giving a deep insight into the land development status and the 

dynamic development trends of the core station areas.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-1 Study Object 
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5.2 Method 

To elucidate the functional composition and transformation situation of land 

uses in core station areas, the study flow is as shown in Fig.5-2. 

Firstly, for the functional composition of the land uses, this study used 16 

variables related to commercial, business, residential and other amenity 

functions, to reflect land development status around stations, which including 

building coverage ratio and road density from Digital Map (Basic Geospatial 

Information), 100-meter land use subdivision mesh data of 2015, population and 

household from the Population Census of 2015, the number of retail shops and 

commercial employees from the Census of Commerce of 2014, the shopping center 

Fig. 5-2 Study Flow and Data Source 
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area from the List of Shopping Center of 2017, the number of companies and 

employees from the Economic Census of 2015, and attract customer facility and 

cultural facility data from National Land Numerical Information published in 2015. 

Through the Principal Component Analysis and the Hierarchical Cluster 

Analysis (Ward’s method), we classified the current land development around 

92 Shinkansen stations into different typologies. (Section 5.3) 

Then, we analyzed the location condition of stations in each typology group, 

thus discussed the association between the land development typology and the 

location condition. In this study, location condition of a Shinkansen station refers 

to the characteristic of the regional environment that affects the location of a 

Shinkansen station, including 3 aspects: ① Region: the social and economic 

status of the city to which the station belongs; ② Transportation network: 

station’s status in the transportation network which including the Shinkansen 

system itself and the access network to the station; ③Surrounding development 

condition: original development situation of the surrounding area. (Section 5.4) 

Considering the growth of the population reflects the development of 

residential, and the growth of the employments to some extent indicates the 

commerce vitality, this study extracted the population in station area from the 

mesh-data of Population Census of 2010 and 2015*2), and the number of 

employments in the station area from the business mesh-data of 2009 and 2014. 

Through analyzing the growth of population and employments of Shinkansen 

station areas between 2010 and 2015, we clarified the dynamic development 

tendency of residential and commerce vitality of station areas. (Section 5.5) 

 

5.3 Land Use Functional Composition  

5.3.1 Variables to Reflect Urban Functional Composition Situation of Core 

Shinkansen Station Area 

To clarify the current land development status around Shinkansen stations, 16 

variables were selected from open data sources to reflect the development 

situation of commercial, business, residential and other amenity functions. The 

variable definitions and descriptive statistics are shown in Table 5-1, due to 
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different measurement scales, the standard deviation of 16 variables go from 

0.005 to more than 100,000. Since principal component analysis seeks to maximize 

the variance of each component, the result will be influenced a lot by the variables 

with large variances when variables are measured in different scales. Therefore, 

the standardization of data is necessary when conducting principal component 

analysis. 

Before conducting principal component analysis, the Kaiser-Meyer-Olkin 

(KMO) test and Bartlett’s test of sphericity were conducted to test whether the 

selected 16 variables were adequate for principal component analysis. The KMO 

measure verified the sampling adequacy for the analysis, with KMO = 0.63, 

which is “mediocre” according to Kaiser. [84] Bartlett’s test of sphericity, �� (92) 

=2624.24 ， p<0.001, indicating that correlation between variables were 

sufficiently large for PCA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5-1 Variable Definitions and Descriptive Statistics 
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5.3.2 Principal Components of Land Development 

According to the result of the Principal Component Analysis in Table 5-2, the 

first 4 four components whose eigenvalues were greater than 1 were chosen as 

the principal components, and the cumulative proportion suggests that 79.8% of 

the information contained in the original data can be explained with the first 4 

components, which is sufficient enough to explain the original data set. [85]  As 

to the interpretation of each component, the absolute value of 0.5 (weight: 0.52 = 

0.25) is commonly considered as a criterion that indicates the variable has a 

correlation with the component, and the larger absolute value suggests stronger  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5-2 Component Loadings of Variables in PCA Matrix 
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correlation. [86] Since the component loadings of component 1 were generally 

large, we focused on the variables whose absolute value was greater than 0.8 

(wight: 0.82=0.64) (grey cells). However, the component loading of component 2, 

3, and 4 were all smaller than 0.8. Based on the principle that each of the variables 

explains no more than one component, we focused on the variables whose 

absolute value was about or greater than 0.7 at component 2 (grey cell), about or 

greater than 0.6 at component 3 (grey cell), and for component 4 we focused on 

the variables whose absolute value is greater than 0.5 (grey cell). 

According to the correlation between variables and principal components, the 

four principal components were interpreted as follows: 

Component-1 was interpreted as commerce axis, for it highly positively 

correlated to the number of companies, employees, retail shops, building 

coverage ratio and Tall Building area, which reflects the characteristics of central 

business and commercial areas. Besides, all the variables reflect the development 

are positively correlated while the undeveloped-related variables are negatively 

correlated, thus this axis can to some extent also reflect the comprehensive 

development intensity of an area. 

Component-2 was considered as a residential axis for it highly positively 

correlated with population, household, and road density, while negatively 

correlated to all the variables related to commerce, which reflected the 

characteristics of a typical residential area. 

Component-3 was defined as the amenity for it is highly positively correlated 

to the number and types of amenity facilities, while negatively related to the 

variables that related to commerce, namely, this axis reflected the amount and 

diversity of non-commercial amenity functions. 

Component-4 reflects the density of Low-rise Buildings, for it has a high 

positive loading on Low-rise Building area variable, and negative loading on 

Dense Low-rise Building area variable. Namely, component-4 is an indicator of 

the density of housings with 3 or less stories in the station area. 
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5.3.3 The Patterns of Functional Composition of Core Station Areas   

The hierarchical cluster analysis (Ward’s method) was conducted based on the 

principal component scores of 92 station areas, and according to the gap statistic, 

this study classified the land development status of 92 station areas into 6 

typologies*7). According to the average component scores of each typology group 

(Table 5-3), the 6 typologies can be defined as: A. Primitive state (15 stations), B. 

Low-density residential-oriented typology (35 stations), C. Intensive mixed 

residential-oriented typology (21 stations), D. Low-density commerce-oriented 

typology (8 stations), E. Dense commerce-oriented typology (7 stations), F. 

Integrated core typology (6 stations). Fig.5-3 shows the distribution of projection 

in the two-dimensional coordinate system composited by component 1 and 2 

(Commerce - Residential), and component 3 and 4 (Amenity – Density of Low-

rise Building). Fig.5-4 shows the cluster dendrogram and the result of land 

development typology groups. Based on the projection values at each component 

axis, the characteristic of each typology group was elucidated and summarized 

as follows: 

1). Primitive state (15 stations): refers to station areas who have extremely low 

values on both commerce and residential components, which indicates that these 

station areas were in the initial stage of development with almost no 

development of commercial, business or residential. 

2). Low-density residential-oriented typology (35 stations): refers to station 

areas with relatively high values on residential and amenity axes, whereas 

extremely low value on commerce axis, which indicates station areas in this 

typology group were residential areas without barely any commercial facilities. 

Besides, the value on the Low-rise Building density axis suggests that the 

buildings in these station areas were not in a high-density form. Therefore, these 

station areas are considered as low-density residential-oriented. 

3). Intensive mixed residential-oriented typology (21 stations): refers to station 

areas with high values on all functional axes of commerce, residential, and 

amenity, among which the value on the residential axis was largest, which 

indicates the land development of these station areas were not only residential, 

but also intensive and multifunctional. Thus, these station areas are defined as 

intensively developed residential-oriented areas.  
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4). Low-density commerce-oriented typology (8 stations): refers to station 

areas with low values on all functional axes, among which values on the 

commerce axis was relatively higher, for which the functional composition of this 

group can be considered as commerce-oriented. However, since component 1 

also reflects the comprehensive development intensity, compared with the 

largest average value of 6.368 among six groups, the average value of 0.292 

indicates the commerce of this group is relatively low density. Therefore, this 

group is defined as low-density commerce- oriented typology.  

5). Dense commerce-oriented typology (7 stations): refers to station areas with 

extremely high values on commerce axis, while the values on residential and 

amenity axes are extremely low, which indicates the land development in these 

station areas were dense commercial and business with barely any residential 

and amenity facilities. 

6). Integrated core typology (6 stations): refers to station areas where both 

commerce and amenity were densely concentrated, while only the development 

of residential does not match up with the development orientation of these areas, 

which can be considered as characteristics of station areas located in the city 

central area, where commercial, business and other multi-functional amenity 

facilities were intensively gathered. 

 

 

 

 

 

 

 

 

 

Table 5-3 The Average Component Scores of Each Typology Group 
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Fig. 5-3 Distribution of Stations in the Space of Principal Components (dim 1-2, 
dim 3-4) 
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5.4 The Relationship between The Functional Composition 

Pattern and Station’s Location Condition 

The locational advantages will largely influence the development of station 

areas; therefore, this part discusses the relationship between functional 

composition pattern and the station’s location condition. Specifically, we analyze 

the location condition of a Shinkansen station from 3 perspective: regional, 

transportation network, and the local level. For regional level, we focused on the 

station city’s hierarchy in the national city system; for transportation network, 

we analyze the accessibility of the station area; for local level, we examine the 

initial construction situation of station area when Shinkansen started operation. 

As a whole, we expect to make clear the relationship between the functional 

composition pattern of station areas and the station’s location condition.  

5.4.1 Regional Perspective 

The distribution of land development typology groups is shown in Fig.5-5. It 

can be found that dense commerce-oriented, and integrated core typology of 

stations are mostly located in the major cities along Tokaido Line and Sanyo Line, 

and many intermediate stations along these two lines are intensive mixed 

residential-oriented. However, primitive state stations are mostly located at the 

remote area along the Kyushu Shinkansen, Hokuriku Shinkansen, and the north 

section of Tohoku Shinkansen. These characteristics of each typology’s spatial 

distribution can be related to regional status and the economic background when 

Shinkansen were constructed. 

As to the regional status, it can be found that all stations of dense commerce-

oriented typology and integrated core typology were located in the central city 

of Japan’s main metropolitan areas. All these cities have a population*9) over 

200,000, and concentrate major administrative organs, important airports, 

important ports, universities, large companies, and many other facilities to 

support the intensive economic activities and social welfare in these regions. 

Therefore, for these cities, the intensive development around Shinkansen stations 

seems like a natural result. In contrast, stations along Joetsu Shinkansen, 

Hokuriku Shinkansen, Kyushu Shinkansen and the north section of Tohoku 
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Shinkansen were mostly located in the small local cities with much fewer 

population, less social resources, therefore it is much difficult to attract the 

investment compared with major cities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-5 The Distribution of Land Development Typologies 

Fig. 5-6 The Functional Composition Pattern of Station Area and 
Economic Background of the Opening Year of Shinkansen 
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Besides, according to the constructed year of Shinkansen at stations in each 

typology group (Fig.5-6), it can be found that the dense commerce-oriented 

station areas and integrated core station areas where commerce intensively 

developed, constructed Shinkansen in the post-war economic rapid growth 

period, while primitive state stations areas all constructed Shinkansen after the 

year of 1973. Notably, among 33 stations where Shinkansen were constructed 

after the Bubble Collapsing, only 4 stations had intensive development at the 

surrounding areas, namely, other 87% of the stations had barely any 

development at the surrounding areas. It is reasonable to attribute the stagnation 

of development to the short development time, however, the difference of land 

development typology in different period also implied that the economic 

environment such as the land market had impact on the land development mode 

of station area, although further study is needed to clarify the mechanism of the 

influence.  

5.4.2 Transportation Network Perspective 

A station’s status in the transportation network refers to the efficiency to access 

the station areas and connectivity to other points in the network. The volume of 

ridership directly reflects the utilization situation of a station, thus 

comprehensively represents the station status in the transportation network. 

More specifically, since Shinkansen usually has a longer services distance than 

conventional rails, it plays an important role in strengthening the interregional 

linkage, while the conventional rails and buses usually serve the intra-regional 

linkage in a smaller area. Thus, the location condition of a station in the 

transportation network can be considered from two levels: interregional network 

and the intra-regional network, namely, the Shinkansen network itself and the 

access network to the station.  

According to the daily passenger volume shown in Fig.5-7, comprehensively, 

the development intensity corresponded to the ridership. Besides, it can be 

observed that the average daily passengers of integrated core and dense 

commerce-oriented stations were mostly larger than 100000, while the average 

daily passengers of stations with lower intensity of development were less than 

100000, especially, primitive state stations were less than 5000. Therefore, the 
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average daily passenger volume of 100000 and 5000 can be considered as 

threshold for evaluating the development potential of a station area. 

According to the route information and departure schedule of each station 

(including Shinkansen, conventional railway and bus) *10), as shown in Fig.5-8, 

dense commerce-oriented and integrated core station areas were not only served 

by a higher efficient interregional network (Fig.5-8: a), but also better access 

network with more alternative routes (Fig.5-8: d, e) and higher daily departure 

frequency (Fig.5-8: b, c). The superiority in both interregional network and intra-

regional network makes these station areas a transportation hub in the network, 

therefore, economic activities tend to agglomerate near these stations. In contrast, 

primitive station area and low-density residential-oriented developed station 

areas were usually served with very limited alternative routes with much lower 

departure frequency, therefore they were much less competitive to get 

investments from large companies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-7 The Functional Composition Pattern of Station Areas and Average 

Daily Passengers 
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5.4.3 Local-level Perspective 

 Most Shinkansen stations were reconstructions of existing railway stations 

where the surrounding areas were already to some extent developed. Fig.5-9 

shows the proportion of newly built stations and reconstructed stations in each 

land development typology groups. Among 22 newly built stations, however, 

only 2 stations had the surrounding area intensively developed, 11 remained 

Fig. 5-8 Station Status in Transportation Network 
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undeveloped and 9 had residential developed in low-density status, which 

reflected that Shinkansen’s impact of stimulating the urban development of 

surrounding area was limited in those newly built station areas. 

 

 

 

 

 

 

 

 

 

 

 Consequently, although it is widely accepted that Shinkansen can promote the 

urban development of the surrounding area, the fact that only 34 stations had 

their surrounding area intensively developed and 58 station areas remained 

undeveloped or developed with low intensity, suggested that the development-

promoting effect was limited. Undoubtedly, the introduction of Shinkansen 

services to major cities in the rapid economic development period has been seen 

to have been a major success, however, for those intermediate stops located at 

remote area, the success in those major cities were not necessarily transferable. It 

has to be recognized the success of the Shinkansen station areas in major cities 

were under very specific circumstances, they occupy all the superiority in the 

region and the transportation network, it is natural for these station areas to 

concentrate economic activities. However, for intermediate station in the local 

cities, the development of a positive benefit affected by Shinkansen 

developments requires careful planning and policy intervention to create 

development opportunities. 

Fig. 5-9 The Functional Composition Pattern and The Initial Local 

Construction Situation 
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5.5 The Functional Transformation Situation of Core 

Shinkansen Station Areas 

  5.5.1 The Change of Functional Composition Situation 

According to the comprehensive situation of the growth of population and 

employment in 92 Shinkansen station area (Table 5-4), it was found that during 

2010 and 2015, the core surrounding area of 92 Shinkansen stations as a whole 

did concentrate more population and economic activities, nevertheless, the net 

population growth ratio of 3.68% and net employment growth ratio of 1.66% 

indicates the growth was not remarkable, the increment was almost even with 

the decrement. Besides, it is notable that although the total number of 

employments increased, the decrease happened at more than half of the 

Shinkansen stations. 

 

 

 

 

 

 

 

 

According to the growth of population and employment at each station, the 

development tendency of 92 Shinkansen station areas were classified into 

following 4 groups, the grouping result is as shown in Table 5-5. 

1). Recession (24): refers to station areas where both the population and 

employments decreased, which indicated the decline of both residential and 

commerce vitality. 

Table 5-4 The Statistical Summary of Population Growth and 
Employment Growth around Shinkansen Stations 
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2). Residential Growth (26): refers to station areas where population increased 

while employments decreased, which suggests these station areas were 

transforming to residential-oriented areas. 

 3). Commerce Growth (13): refers to station areas where population decreased 

while employments increased, which suggests that these areas were 

transforming to commerce-oriented areas by replacing residential to commerce. 

4). Integrated Developing (29): refers to the station areas where both population 

and employment increased, namely, both residential and commerce were 

developed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5-5 Functional Transformation Type of Core Shinkansen Station Area 
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The spatial distribution of development tendency is shown in Fig.5-10. It was 

observed that the major stations were able to keep the commerce vitality, while 

many intermediate station areas, especially stations between Tokyo and Sendai 

station, were transforming to residential-oriented areas. Besides, it is also notable 

that along the recently built Shinkansen lines, many stations along Kyushu Line 

had their surrounding area integrated development, while many station areas 

along Hokuriku Line and Hokkaido Line kept population loss and commerce 

recession. An interpretation is that station areas along Kyushu Line gained 

population from the remoter area, while the population of some station areas 

along Hokkaido Line and Hokuriku Line migrated to greater cities along the Line. 

Since these areas have the similar configuration of circumstances for 

development, the disparity of the development tendency must closely relate to 

the planning strategies of local government, which can be a task for further study. 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 5-10 The Spatial Distribution of Stations and the Functional 
Transformation Types 
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5.5.2 The Dynamic Transformation Trends of the Functional Composition 

Pattern of Core Shinkansen Station Areas 

Through analyzing the development tendency of station areas in each land 

development typology group, the transformation relation between land 

development typologies became clear. As Fig.5-11 shows, integrated core areas 

were able to retain the economic vitality, while the dense commerce-oriented 

areas and the low-dense commerce-oriented areas, where there were lack of 

multi-functional amenity facilities and residential, were transforming to 

residential-oriented areas. And stations of the primitive state and low-dense 

residential-oriented typology were more likely to have population loss and 

commerce recession compared with other typology of station areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-11 Functional Transformation Situation in Station Areas of Different 
Composition Patterns 

Fig. 5-12 The Dynamic Function Transformation Relation Between 

Composition Patterns of Core Shinkansen Station Areas 
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These phenomena seem inconsistent with the land-use effects of high-speed rail 

developments that existing research has demonstrated, and also failed to match 

up with the general anticipation of a boost for commercial and business activities 

around stations. Usually, for station area, we expect that it will go through the 

development process from its primitive state to an integrated core or to an 

intensive mixed residential-oriented area. However, the development of 

Shinkansen station areas during 2010 and 2015 suggested that although the 

integrated core station areas were able to maintain their commerce vitality, and 

to aggregate more population and economic activities, most of other land 

development typology station areas were failed to retain their economic vitality 

and were transforming to residential-oriented areas. (Fig.5-12)  

To consider the reason, the influence of depopulation can be one factor. Because 

the economic activities always correspond to demand, the decrease in total 

population made it hard to have significant growth in the consumption and 

investment in domestic demand24), thus there are fewer chance to have large scale 

new development compared with the rapid economic development period. 

Instead, the main source of the development opportunities these days may 

mainly come from transfers from other locations along the line where the 

configuration of development conditions is poorer. 

As to those intensively developed station areas with decades of development, 

their superiority in the regional location and transportation network always 

provides them priority development opportunities to enhance their commerce 

and business vitality. For some commerce-oriented intermediate stations, the 

depopulation and aging problem of the whole city resulted in the shrinking of 

local demand as well as the labor market, some enterprises may start to consider 

pulling out from local market and seek for relocation towards center cities along 

the line with more opportunities and larger market. When the enterprises started 

to leave, the decreased land price at many of these station areas*11), the superiority 

of accessibility and location made these areas attractive to residential, which 

explains the reason many station areas were transforming into residential-

oriented typology. Besides, for newly built stations located in the suburb of local 

cities, although the efficient linkage to the regional central cities through 

Shinkansen removed the transportation barriers of cost and time consumption, 

which allow them to share the same market with the major cities, their 
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configuration of development conditions may not be able to provide them much 

competitiveness in the competition for the development opportunities with 

regional center cities. and in most cases, better life supported services in some 

periphery areas of regional center cities supported by conventional rail may 

reduce the attractiveness of these intermediate station area served by Shinkansen. 

As a result, the economic activities became more concentrated at a few regional 

center cities, while many intermediate station areas started functional 

transformation towards residential oriented. 

 

5.6 Summary 

This chapter analyzed the current land development around 92 Shinkansen 

station areas and classified the land development into 6 typologies: 1). Primitive 

state, 2). Low-dense residential-oriented, 3). Intensively mixed residential-

oriented, 4). Low-dense commerce-oriented, 5). Dense commerce-oriented 6). 

Integrated core. However, since the purpose of this study is to comprehensively 

elucidate the functional composition around a station, the heterogeneity of the 

development situation inside the 400-meter radius circular area was not 

discussed in this study.  

Then, by analyzing the location condition of stations in each typology group, 

we found that station areas with higher development intensity always located in 

the regional central cities, and the stations are transportation hubs which served 

the station area with efficient interregional and intra-regional connection. 

However, the surrounding area of intermediate stations located in the local cities 

did not get as much development opportunities as expected. This suggested that 

Shinkansen’s impact on promoting the development around the stations were 

under specific configuration of circumstances, the success at those regional center 

cities were not necessarily transferable to local cities. 

Besides, according to the discussion about dynamic transformation trends of 

functional composition in the core Shinkansen station areas in recent years, the 

core Shinkansen station areas did concentrate more population, however, we also 

observed the recession of commerce vitality around more than half of the stations. 

Over half century’s experience of Shinkansen development made us believe the 
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construction of Shinkansen will solve both transport and regional problems and 

bring about the development opportunity to the surrounding area. A remarkable 

thing we found is that only those integrated developed station areas were able to 

retain their commerce vitality, while most of the intermediate station areas were 

transforming to residential-oriented areas. Therefore, it has to be recognized that 

the impact of Shinkansen on urban development of surrounding area under the 

depopulation background was no longer as it was in the rapid economic growth 

period. Faced with the unprecedent shrinking of population and aggregate 

demand, it may be no longer appropriate to follow the previous development 

theories. Through analyzing the current development circumstances, this 

research holds that intensively developed station areas in regional central cities 

still hold the superior development condition in the competition for the 

development opportunity, while the intermediate stations in the local cities 

should focus more on the intra-regional demand, and more effort should be put 

in improving the intra-regional connection.  

 

Notes 

*1) The Akita Shinkansen and Yamagata Shinkansen were not discussed in this 

research for their maximum running speed is 130Km/h, while it is generally 

accepted that the maximum running speed of high-speed rail should be in excess 

of 200 Km/h.  

*2) All the data from the newest available government open source, many 

investigations such as national census are conducted every 5 years, because next 

time will be in 2020, this research focused on the year during 2010 and 2015. 

*3) Road length is estimated from the length of road edge line data of Digital 

Map (Basic Geospatial Information). 

*4) The land use data were extracted from the 100-meter land use subdivision 

mesh data provided by The Policy Bureau of the Ministry of Land, Infrastructure, 

Transport and Tourism. The land use feature type of each mesh unit was assessed 

based on the satellite data, the land use of each mesh unit was assessed as one of 

17 land use feature types including farmland, other agricultural land, forest, 



Chapter 5 Functional Composition and Transformation Situation of Land Use in Core Shinkansen Station Areas    

 

 

123 

wasteland, Tall Building area, factory, Low-rise Building area, Dense Low-rise 

Building area, road, railway, public facility land, space land, park and green land, 

river and lake, seaside area, sea, and golf land. 

*5) Shopping center refers to integrated multi-functional commercial facilities 

whose retail shop area is over 1500 ㎡, or the number of tenant is over 10 besides 

the key tenant.  

*6) Amenity facilities refer to public facilities, and customer attract facilities. 

Specifically, public facilities refer to welfare, post office, hospital, school, fire 

station, police station, local public organization, national administration facility, 

and other public service facilities. Customer attract facilities refer to movie 

theatre, assembly hall, playhouse, exhibition hall, sports center, dome, stadium, 

and other facilities with leisure and recreation function. 

*7) The estimate of the optimal number (k) of clusters is the value that 

maximizes the gap statistic, however, as the gap statistic figure at the upper left 

of Fig.4 shows, when the number of clusters is greater than 6, the gap statistic did 

not have significant growth until k=10. Since 10 clusters will make the 

interpretation too complicated, 6 clusters were considered to be more 

appropriate. 

*8) Sendai Station in Kagoshima Ken. 

*9) The population refers to city population according to 2015 Population 

Census. For Shinagawa station, Tokyo station, and Ueno stations, city population 

refers to the total population of 23 special wards 

*10) The bus route and conventional railway information was from the National 

Land Numerical Information published by Ministry of Land, Infrastructure, 

transport and tourism, and schedule information was from Ekitan.com 

*11) Based on the public announcement of land price in 2015 published by 

Ministry of Land, Infrastructure, transport, and tourism, among 57 stations 

where there are standard lands in the station area, land price around 37 stations 

were observed decreased. 
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Chapter 6  

Summary 

In concern of the unprecedented nationwide depopulation, the Ministry of Land, 

Infrastructure, Transport, and Tourism (MLIT) has highlighted that construction 

of regional high-speed connections such as the Shinkansen network work is the 

key to achieve agglomeration economies and support the effective services 

delivery and regional innovation. As the transportation hubs and city gateway, 

the development of a Shinkansen station area is crucial to the comprehensive 

development of the whole city. However, the majority of the studies about the 

Shinkansen station area development are based on the successful cases along the 

early constructed line, particularly the Tokaido Shinkansen and Sanyo 

Shinkansen, which were initially constructed to meet the increasing traffic 

demands of on the conventional railway route. In contrast, the later constructed 

Shinkansen were mainly planned to reduce the regional imbalance, although 

later studies have demonstrated the implementation of Shinkansen may have 

filed to meet this expectation, and researchers urge that the development of 

Shinkansen not naturally bring positive benefits to the urban development of the 

city, especially to the intermediate stations in the small cities, a careful planning 

and appropriate policy intervention is important. Faced with the new reality of 

nationwide depopulation, a study on the current land development situation 

around Shinkansen stations will help us better understand the major issues in the 

Shinkansen station area development thus providing reference to the decision-

making for the future development plan. 
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Accordingly, this study analyzed the current land development situation in the 

92 existing Shinkansen station areas, aimed to identify the patterns of the current 

land development situation and the dynamic land use transformation situation. 

Specifically, this study defines the 1000-meter radius range area around a 

Shinkansen station as the station area and the 400-meter radius range area as the 

core station area. For the station area, this study focused on the construction 

intensity and analyzed the land-use pattern features including the composition 

and the spatial relationship of land uses. For the core station area, this study 

considers it as a spatial indifference zone and analyzes the urban functional 

composition of the station areas.  On the whole, this study aimed to answer the 

questions of what land uses compose the station areas, where they are located 

around stations, and how they have changed. 

To answer the research questions, this study started with developing a land-use 

pattern feature-based land-use pattern comparison method based on the image 

matching algorithm in Chapter 2.  In contrast to the previous land-use pattern 

comparison approaches which are based on some specific indices that measure 

certain aspects of the land-use pattern feature, the image matching approach 

allows us to integratively extract the land-use pattern features including the 

composition and spatial relationships of land uses and numerically represented 

it as a land-use pattern descriptor. The similarity computed based on the land-

use pattern descriptors will be able to reflect the similarity level between land-

use maps with integrative consideration of the compositional and 

configurational characteristics, which will become the source for distance 

calculation in the further classification. Specifically, we treat the land-use map as 

an image, initialize it as a numeric array with the feature value of each unit 

representing the land-use category information of the corresponding land-use 

cell. Then, we use the image smoothing algorithm to convert the feature value of 

each land-use cell to a feature value that represents the land use composition and 

distribution situation in the defined neighborhood, thereby, the overall land-use 

pattern can be represented by the counts of the unique output feature values, 

which we call as the land-use pattern descriptor. Accordingly, the similarity 

between 2 land-use patterns can be calculated by the histogram correlation of the 

output image, which will evaluate the similarity level between the land-use 

patterns with a value in [-1,1], with the value closer to 1 indicates higher 
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similarity.  Chapter 2 explained the algorithm of the proposed method, then 

showed the effectiveness of the method by experiments of the land-use pattern 

comparison of the simulated random maps generated with specified 

compositional and configurational. As a result, the land-use pattern descriptors 

we extracted by the proposed method successfully identified the land-use 

patterns of the same group and distinguished the land-use patterns of different 

groups as the experiments have expected. Then Chapter 2 showed the 

applicability of the proposed method in the urban study by a comparative study 

of 6 sample Shinkansen station areas, the proposed method not only identified 

the Shinkansen station areas with similar land use composition proportions but 

also helped distinguish the distribution characteristics between the sample 

station areas. Finally, Chapter 2 explicated the influence of the parameters on the 

land-use pattern feature extraction and specified the limitation of the method due 

to the trade-off between computation efficiency and accuracy, thus clarified the 

principles to determine the parameters. 

Then, in Chapter 3, we applied the method developed in Chapter 2 to compare 

the land-use patterns of 91 existing Shinkansen stations areas based on the 100-

meter land-use map of 2016 provided by the Policy Bureau of the Ministry of 

Land, Infrastructure, Transport, and Tourism. According to the pairwise 

similarities computed by the proposed method, the land-use patterns of the 91-

existing land-use patterns were classified into 6 groups with the hierarchical 

clustering analysis. Based on the histograms of the maps after smoothing, we 

analyzed the global and local land-use pattern features of station areas in each 

group. The global land-use pattern features include the areal proportions, 

aggregation level and spatial variations of land uses, while the local land-use 

pattern features are the major contiguity relations between land uses in the 

defined neighborhood. Also, we discussed the relationship between the land-use 

pattern and the population scales of the station cities, thus elucidating the trend 

of the land-use patterns in cities with different scales. Consequently, we 

identified that the land-use pattern of existing 91 Shinkansen station areas 

includes the following types:  

1. Land-use pattern type-I is characterized by the dominated Non-construction 

land aggregated in the station areas, forming a large continuous unconstructed 

area, while other land uses scatter in the station areas. This type of land-use 
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pattern is usually observed in station areas of cities whose population is 300 

thousand, particularly cities with a population under 100 thousand, or station 

areas near a mountain or a great river. 

2. Land-use pattern type-II is distinct for the dominated Low-rise Building 

land that aggregates in the station area, forming a large continuous area 

covered by low-rise buildings, while other land uses have much fewer 

composition proportions and disperse in the station area. This is another 

typical land-use pattern for station areas of cities whose population is less than 

300 thousand, but the majority are in mid-size cities that have a population 

between 100-300 thousand. 

3. Land-use pattern type-III is characterized by the dominated Tall Building 

land mixing with the transportation land and covering the whole station area. 

This is a typical land-use pattern of station areas in the cities of the 

metropolitan centers. 

4. Land-use pattern type-IV is marked for the Dense Low-rise Building land 

dominating and aggregating in the station area, forming large continuous 

areas covered by densely distributed low-rise buildings that are equal to or less 

than 3 stories. This land-use pattern corresponds to the station areas of many 

regional center cities. 

 5. Land-use pattern type-V is characterized by the fragmented pattern formed 

by the Non-constructed land and Low-rise Building land mixing with other 

land use categories. There is no single land-use category dominated in the 

station area and the average areal proportions between the Non-construction 

land, Low-rise Building land, and other land use categories approximate to 

1:1:1. This land-use pattern is also mainly observed in station areas of small 

cities whose population is less than 100 thousand, particularly the recently 

constructed stations in the suburban areas. 

6. Land-use pattern type-VI is characterized by a mixed pattern formed by 

small patches of Tall Building land, Dense Low-rise Building land, Low-rise 

Building land, and Transportation land. There is no single land-use category 

either, on average, the Dense Low-rise Building land and Low-rise Building 

land together take about 50% of the total area, while the Tall Building land and 



Summary    

 

 

128 

the Transportation land take about 15% of the total area respectively. In the 

station area, the land uses formed some discernible land-use zone. This type is 

identified as a typical land-use pattern for station areas of regional center cities 

with a population of over 300 thousand. 

Accordingly, we identified the current land-use patterns of 91 existing 

Shinkansen station areas and clarified the trend of the land-use pattern of a 

station area in cities of different population scales.  

 In chapter 4, we compared the land-use patterns of Shinkansen station areas 

over time, to make clear the dynamic land use transformation situation in the 

station areas. With the land-use maps of 2009 and 2006 provided by the Policy 

Bureau of the Ministry of Land, Infrastructure, Transport, and Tourism, we 

analyzed the land use transformation situation from the perspective of the 

national level, regional level, and the local level. At the national level, we 

summarized the overall composition proportion changes of each land use 

category, accordingly, we testified that the Tall Building land and Transportation 

land have significantly increased, the Dense Low-rise Building land, Low-rise 

building land, and the Non-construction land have significantly decreased, 

indicating that comprehensively the land development around Shinkansen 

stations has been to improve the intensity and traffic quality. On the regional 

level, according to the dissimilarity level between land-use patterns of 2009 and 

2016 calculated by the method developed in Chapter 2, we identified the station 

cities whose Shinkansen station areas have been dynamically developed and 

station cities whose Shinkansen station areas’ land development have stagnated. 

Finally, at the local level, based on geographic distribution analysis including 

mean center, standard deviational ellipse, and density analysis, we identified the 

location trend of the development of Tall Building land, Dense Low-rise Building 

land, Low-rise Building land, and Transportation land in station areas of cities 

with different population scales. In consequence, we found that in small cities 

and mid-size cities whose population is less than 300 thousand, the land-use 

transformation is characterized by the land-use transition to the low-rise building 

land, while the station areas of core cities and designated cities with a population 

of over 300 thousand are characterized by the increment of Tall Building land 

and Transportation land. As to the location trends, the development of Tall 

Building land in small cities, mid-size cities, and core cities are generally 
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perpendicular to the direction of the railway extension and mostly aggregated in 

the 500-meter radius range of the station area, in contrast, in station areas 

designated cities, it is uniformly spread in the station area. For the newly 

increased Dense Low-rise Building land, it is significantly more aggregated in the 

central city side of the station in the small cities, while in other cities whose 

population is greater than 100 thousand, there is no significant direction trend, 

but a radial distribution trend of deviating from the station. As to the newly 

increased Low-rise Building land, there is no clear location trend in station areas 

of small cities, mid-size cities, and designated cities, however, it is observed in 

station areas of the core cities that it is more likely to locate in the area more than 

500 meters away from the station. As to the newly increased transportation land, 

it is generally more likely to concentrate along the railway, however, in the core 

cities and designated cities, it is more uniformly distributed in the whole station 

area than in the station areas of small cities and mid-size cities.  

The Chapter 3 and Chapter 4 have focused on the construction intensity of the 

1000-meter radius range of Shinkansen station areas without discussing the 

urban functions including residential, commercial, business and amenity 

facilities. Thus, in Chapter 5, we focused on the function composition of the 400-

meter radius core Shinkansen station areas. With 16 variables reflecting the 

development situation of the residential, commercial, business and amenity 

facilities in the station area, we implemented the principle component analysis 

and hierarchical analysis, clarified the functional composition of the core 

Shinkansen station areas into 6 typologies, including the primitive state, low-

density residential-oriented typology, intensive mixed residential-oriented 

typology, low-density commerce-oriented typology, dense commerce-oriented 

typology, and integrated core typology. Then by analyzing the location condition 

of stations in each typology group, we clarified the relationship between the 

functional composition trend and the location condition of the station. Besides, 

we also discussed the dynamic transformation trends of the functional 

composition of the core Shinkansen station area according to the change of the 

population and employment. As a result, we identified that although the core 

station area did concentrate more population, however, we also observed the 

recession of commerce vitality around more than half of the stations. For the 

integratively developed station areas in the major cities, they are able to retain 
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their commerce vitality, while most of the intermediate station areas have a 

transformation trend to residential-oriented areas. 

In conclusion, this study has systematically summarized the land-use situation 

and the dynamic transformation situation of the 92 existing Shinkansen station 

areas and identified the trend of the land development situation in Shinkansen 

station areas of cities with different population scales. This study provided a 

comprehensive perspective to understand what land use is in the Shinkansen 

station areas, how they are arranged, and how they are changing. this study 

contributes to the existing study about the land development of Shinkansen 

station areas by providing a comprehensive insight into what is happening in the 

Shinkansen station areas, which will help better understand the current issues of 

the station areas development and provide reference to the decision-making of 

the future development plan. However, a limitation of this study is we have not 

answered why the land development pattern is as it is, the influential factors of 

the land development are beyond the research scope of the study. Because the 

influential factors for the station area development can be complicated, and they 

usually vary in different cities, further study is needed to specify the influential 

factors in different station areas. 

Besides, this study has also presented a novel approach to identify the land-use 

pattern of certain typical urban areas. With the increase of accessible imagery 

data in the urban study field, interpreting spatial patterns in maps with image 

processing techniques will become an inevitable trend.  In contrast to previous 

approaches which are either based on visual comparison of land-use maps or 

some quantifiable landscape metrics, the image matching approach compares 

land-use patterns based on integrative land-use pattern features, and the 

proposed approach identifies land-use patterns not only based on the 

composition proportions, but also the spatial relationships between land-use 

units, and it allows us to process a large number of object areas efficiently. Apart 

from the application in this study, the proposed method can also be applied to 

identify the land-use patterns of other typical urban areas, such as areas around 

large-scale commercial facilities, academic cities, medical cities, etc., in this sense, 

the proposed method is also a meaningful attempt to introduce the image 

processing techniques to geospatial analysis. 
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