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Abstract: Population decline is leading to a shrinking city size in industrialized countries. In some
developing countries, because majority of the population is concentrated in big cities, the population
in undeveloped cities has begun to decline. Japan experienced rapid urban expansion surrounding
industrial districts, including steeply sloped areas, between the 1950s and 1970s. In the past forty years,
Japan’s population has decreased, and the average age of the population is increasing. The reduction
in the size of cities, following population decreases is becoming an important issue, and the study
of sustainable, concentrated urban planning to cope with shrinking city size is, therefore, necessary.
We have conducted a case study using Yahatahigashi-ku to determine its redevelopment potential,
based on a combination of urban geographic data. This paper (1) presents a typical case study using
Geographic Information System (GIS) data to evaluate an aging and shrinking society; (2) explores
the GIS design approaches configured for an aging society; and (3) evaluates the optimization of
environmental performance for an urban regeneration plan. The primary factors related to this urban
design case study included, a declining population, mixed urban land use, and the placement of
public facilities. We developed a method involving the slope degree to evaluate land-use to model the
importance of informational evaluation in the urban planning process. This method could contribute
to the urban regeneration for an aging society and could also be applied to other aging and shrinking
cities, in mountainous regions.

Keywords: shrinking cities; geographic information; slope degree; aging society; urban regeneration;
shadow restriction; compact city

1. Introduction

Aging populations and shrinking cities are increasing internationally, in locations such as the
United Kingdom, Germany, and Japan [1,2]. In Japan, the aging population and shrinking cities have
led to serious problems, which includes declines in community vitality in most of Japan’s secondary
cities. As these population changes are expected to continue, sustainable urban design and renovation
are becoming increasingly important [3]. Comprehensive information evaluation and analysis is
essential for the urban redevelopment process, particularly, given Japan’s population status and
geographic characteristics.

1.1. Aging Cities

The global share of people, aged 60 years of age or over, increased from 9.2% in 1990 to 11.7%
in 2013, and is expected to continue increasing to reach 21.1%, by 2050 [4]. Currently, approximately
two-thirds of the world’s older population is living in developing countries, and by 2050, nearly 80%
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of the older population will be living in developing countries [4]. Facing the problem of aging cities is,
therefore, a global concern, and the World Health Organization published a guide to engage cities in
becoming more age-friendly to better tap into the potential that the older population can provide [5],
which represents a significant effort to adjust the focus of urban planning, to this aging situation.

An aging society is defined as that in which the percentage of the population over 65 years of
age, is higher than 25%. A percentage higher than 50% produces a limitative colony, which is a social
community that is difficult to maintain. In Japan, the average life span is 83.7 years, which is the
longest in the world [6], so the problem of an aging population is more serious than that faced by most
other countries. In 2010, 23.0% of the total Japanese population was aged 60 years or older, and this
age group is predicted to reach 39.9%, by 2060 [7], which makes the aging of the population a matter
of urgent interest in Japan.

1.2. Shrinking Cities Around the World

The shrinking of cities, as a result of declining urban population has attracted increasing
attention within the global scientific community [8]. A shrinking city is defined as an urban area
that has experienced demographic decline, economic downturn, and geographic contraction [9].
The technological revolution created a new global economic pattern [10,11], which has led to the
outflow of capital and human power [12]. Urban decline during the processes of globalization is more
remarkable in cities supported by a single industry [13]. Decreasing birth rates and population size
have further accelerated the reduction in the use of urban public facilities in Japan. New housing and
community services could promote a greater life quality, and the concentration of urban facilities could
increase the urban efficiency. In Japanese cities, the ideal population density, along bus lines, is 40
inhabitants per ha, and 50 inhabitants per ha, along metro lines [14]. Population density appears to
have a strong relationship with the quantity of commercial facilities, within a walkable distance [15].
Density values should, therefore, be considered in the process of urban redevelopment, to achieve
efficient organization of public transportation and commercial operations. Shrinking cities must be
radically redesigned to be both better and smaller [16].

The prevalence of shrinking cities in Japan has recently become a serious issue, particularly as
the population growth rate has decreased since 2015 [17]. Shrinking cities have also been observed in
other industrial countries, such as the United States, the United Kingdom, and Germany. As of 2016,
the estimated population of Detroit, Michigan, was just over 0.677 million, which represents a steep
decline from a peak of more than 1.8 million in the 1950s. According to current estimates, Detroit’s
population will continue to fall to just 0.61 million people, by 2030. The population of Liverpool,
England, and Leipzig, Germany, reached historic peaks in the 1930s, with populations between 0.7 and
0.8 million, respectively [18]. Between 1951 and 2001, the population of Liverpool fell from 790,838 to
439,476 [19]. Leipzig experienced a similar decrease between 1933 and 2001, as the population declined
from 713,470 to 493,052, and population density decreased from 5,548 to 1,657 inhabitants/km2 [20].
Facing this declining population and the underutilization of urban spaces, local governments have
pursued urban redevelopment projects to create new uses for existing urban spaces [21]. This approach
to address the problem of shrinking cities requires a more detailed consideration, as it is clearly a
matter of increasing global concern.

1.3. Geographic Information System

Urban planners need to evaluate comprehensive information for urban design. The results of
GIS condition analyses enable planners to identify the sites most in need of innovation. Information
evaluation, according to GIS, would be a crucial component of this planning method [22,23]. Building
information, cartographic documentation, thematic maps, and on-site surveys were combined and
evaluated, using the GIS, in an Italian study [24]. Building energy performance [25], health emergency
analysis and planning [26], and detailed building typologies [27] have also been assessed, based on GIS.
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1.4. Geographic Condition Evaluation

This study proposed the reduction of size and condensing the functions of cities, to solve a few
social problems that Japan is currently facing. Efforts to cope with reduced utilization efficiency by
reducing city sizes have not been well-executed. These do represent an important aspect of dealing
with our globally aging society. This proposal should be qualified to meet the special requirements of
older adults, who tend to retain a traditional attitude toward the streets which are no longer suitable
for inhabitation. Other newer elements are indispensable to a sustainable city planning, and these new
elements could evolve from traditional elements, thus, connecting different generations. This study
analyzed factors, such as plot ratio, building type, mixed commercial and residential spaces, and the
location of public facilities for older adults.

1.5. Urban Shading Environment

The purpose of shrinking the city’s size is to concentrate its urban functions, and increase its
building and population density, in order to increase urban efficiency. This concentration should be
balanced with urban environmental changes. Sunlight conditions and shadows from nearby buildings
create an important effect on the passive building development, as sunlight on southern exterior
walls obtains the best heating conditions in winters [28]. Therefore, the Building Standard Law of
Japan established a shadow restriction to ensure residential zones receive sufficient sunlight [29].
The sunlight conditions and shadows from the surrounding buildings are important issues to address
during the urban redevelopment process. These conditions should be forecasted and evaluated to
regenerate the shrinking cities.

2. Research Methodology

In this study, we analyzed the existing conditions in a selected district, using urban information
and proposed a location for urban concentration, based on a comprehensive assessment of the site data.
We obtained population data from the government of Kitakyushu. We inspected the current landform
situation and distribution of livable facilities in the Yahatahigashi-ku district, by field observation.
We collected and synthesized all data using GIS. As shown in Figure 1, Yahatahigashi-ku district is
located between a mountain and the seacoast.
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Figure 1. The location of the Yahatahigashi-ku district (based on Google Maps).

To forecast shadow conditions, according to different urban planning methods in the selected
regeneration area, we used Jw_cad, which is a Japanese software program for architects and urban
planners, designed to provide two- and three-dimensional drawings that forecast continuous shadow
conditions in a single day [30].
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2.1. The Selected District

We selected the Yahatahigashi-ku district in Kitakyushu, Japan, for this case study. Most of the
areas in this district are mountainous, with steep slopes. The residential buildings were built for
employees during the period of Japan’s industrialization. From 1960 to 1970, Kitakyushu supported
Japan’s rapid economic growth, by aggregating material industries, such as steel, chemical, metal,
and ceramic industries. This aggregation began when the government-managed Yahata Steelworks,
the largest steelworks company in Asia, was founded in 1901. During that period, to accommodate
employees, dwellings were constructed on the mountain, around the industrial area.

Today, the material industry has moved to other Asian countries. High-technology industries,
including industrial robots, IC-related products, and biotechnologies, are generated. The retail areas in
the Yahatahigashi-ku district are in decline, as the number of deserted houses continues to increase,
and a new plan for urban regeneration is expected. The proportion of retirees has increased over the
past 50 years, and most of the young people have been fleeing the city, due to the unsuitable living
conditions. Young people are moving to more comfortable residential environments, and very few
people are moving in, to this area. Thus, the strategy of urban compactness is an appropriate response
to address the decline. A proper location for this urban concentration should be indicated, before
beginning the urban regeneration.

As shown in Figure 2, steeply sloped mountainous areas create a challenging living environment
because car access to these areas is non-existent, and it is difficult for residents to carry out daily
outdoor activities. As residents age, the inconvenient geography makes it difficult for them to access
facilities near their homes. Older residents find it hard to sustain the necessary effort to go to nursing
and shopping facilities, daily. The population scale, in turn, affects the efficiency of urban operations,
leading to wasted urban energy and compromised community safety. Industrial trends have also
changed, and the scale of factories have declined, increasing the possibility of developing flat areas.

The average lifespan of a Japanese wood constructed building is about 30 years [31]. The dwellings
in the Yahatahigashi-ku area were built from 1960 to 1970, and have already been in use for
about 50 years. Due to a combination of the aging building and inconvenient living environment,
some inhabitants have moved out, abandoning their dwellings. Most of the residents of the high slopes
are willing to move out, because the area is inconvenient for their changing lifestyle, but many remained
because they cannot afford to buy an apartment somewhere else. In the meantime, the local government
is trying to help these residents. This case study provides suggestions to the local government for
the redevelopment of the lower area of town, which would provide low-cost, subsidized apartment
buildings, for this at-risk population. The problems faced by the Yahatahigashi-ku exist throughout
Japan, as well as in other industrial countries, and the approach to redevelopment discussed in this
paper might be of use, beyond this particular case.
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2.2. The Development of the Slope Degree Method

To evaluate the steepness of these areas, we developed the slope degree method as a standard.
For a mid- to large-scale urban area, a 100 m × 100 m grid platform is commonly used to reflect the
building environment [32,33]. The variations in height and average slope for each 100 m × 100 m mesh
can be calculated by counting the number of contour lines in each mesh area, as shown in Figure 3.
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Figure 3. Definition of slope degree in each mesh.

By leveraging the overlapping mesh layer and contour line layer, as shown in Figure 4, we defined
the slope degree of each mesh. We then presented the areas of the mesh that overlapped the building
layers and color-coded the slope degree for each building, as shown in Figure 5.

Sustainability 2019, 11, 1505 5 of 14 

2.2. The Development of the Slope Degree Method 

To evaluate the steepness of these areas, we developed the slope degree method as a standard. 

For a mid‐ to large‐scale urban area, a 100 m × 100 m grid platform is commonly used to reflect the 

building environment [32,33]. The variations in height and average slope for each 100 m × 100 m mesh 

can be calculated by counting the number of contour lines in each mesh area, as shown in Figure 3. 

 

Figure 3. Definition of slope degree in each mesh. 

By leveraging the overlapping mesh layer and contour line layer, as shown in Figure 4, we 

defined the slope degree of each mesh. We then presented the areas of the mesh that overlapped the 

building layers and color‐coded the slope degree for each building, as shown in Figure 5. 

 

Figure 4. Image of overlapping layers. 

By leveraging the overlapping mesh layer and contour line layer, as shown in Figure 4, we 

defined the slope degree of each mesh. We then presented the areas of the mesh that overlapped the 

building layers and color‐coded the slope degree for each building, as shown in Figure 5. 
 

Figure 5. Representation of the building slope degree (a slope degree of each mesh; b: layer 

overlapping; c: slope degree of each building). 

Figure 4. Image of overlapping layers.

By leveraging the overlapping mesh layer and contour line layer, as shown in Figure 4, we defined
the slope degree of each mesh. We then presented the areas of the mesh that overlapped the building
layers and color-coded the slope degree for each building, as shown in Figure 5.
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Slope degree represents the urban geographic characteristics and establishes the relationship
between urban information and buildings. This new standard can assist urban planners to better
understand the nature of building layout, as they work to carry out building development plans
with respect to urban geography. The advantage of this evaluation method is to visually present the
distribution of slope. Combining this urban information with the existing buildings could provide a
direct reference for related decision making.

2.3. Shadow Area Calculation and Comparison

Building create shadows throughout the day. According to Article 56 of the Building Standard
Law of Japan, the allowable hours of shadows in different land-use zones are indicated by shadow
restrictions, to restrict the building heights for different neighborhoods. This restriction applies to all
newly-constructed buildings and reconstructed buildings in Japan and can affect, both, building height
and placement. These shady conditions can be evaluated, according to a continuous shadow area that
represents the hours each day, during which the buildings might cast shadows, outside their respective
areas, as shown in Figure 6. The standard time for environmental shadow evaluation is on the winter
solstice, from 8 am to 4 pm. On average, for residential zones, 2-hour shadows are restricted 10 m
away from buildings, and 4-hour shadows are restricted 5 m away from buildings [29]. To compare
the shady conditions between the two urban regeneration patterns, we used Jw-cad to illustrate the 2-,
3-, and 4-hour shadows for each plan.
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3. Geographic and Population Information Analysis

3.1. Urban Geographic

The contour line with 2 m slope and building layout are presented in Figure 7, which shows
the relationship between the urban geography and buildings. Factory facilities are located in the
beach areas, whereas a great number of dwellings are on the steeply-sloped area of the mountain.
This situation stems from the industrial age, during which time the city grew with a rapid population
increase. A sustainable urban design is now needed to remediate the access methods for older adults.
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Figure 7. Landform and building distribution in the Yahatahigashi-ku (2005).

Figure 8 shows the slope degree of each building and presents the geographic environments in
which the buildings are located. The higher the slope degree, the more difficult for the people to access
the urban areas. Additionally, some buildings are situated in an area with a low slope degree, at a high
elevation; these buildings are built on the flat area of the mountain. In general, buildings closer to the
top of the mountain have a higher slope degree. This poor planning approach has made daily life
inconvenient, for the residents in this area.
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3.2. Urban Population

Local activity creates a bustling community, while also improving a city’s atmosphere. Thus,
the population and construction both affect local revitalization, and should be analyzed before
beginning the urban planning process. As shown in Figure 9, the population density of the towns
situated on the sloped area is lower than that in the flat area, because most of the dwellings on the
sloped area are isolated houses. Recently, some apartment buildings were built close to the railway
station. The population in the flat area is increasing slowly, but the total population of this district
continues to decrease, especially in the areas located on the steeply-sloped areas.
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Figure 9. Population density of the Yahatahigashi-ku (2008).

As Figure 10 shows, most of the towns could be identified as having an “aging society”
(i.e., the percentage of the population over 65 years of age is higher than 25%). The percentage
of the population that is older than 65 years is higher in the steeply-sloped areas, which meets the
standard of a “limitative colony” (i.e., the percentage of the population over 65 years is higher than
50%). As seen in Figure 8, these areas are situated along the highly-sloped areas of the mountain.

Thus, if current conditions persist, the population will continue to decrease, and the percentage
of elderly residents will continue to increase. Countermeasures should be introduced to this area,
immediately, to maintain the vitality.

Sustainability 2019, 11, 1505 8 of 14 

 

Figure 9. Population density of the Yahatahigashi‐ku (2008). 

As Figure 10 shows, most of the towns could be identified as having an “aging society” (i.e., the 

percentage of the population over 65 years of age is higher than 25%). The percentage of the 

population that is older than 65 years is higher in the steeply‐sloped areas, which meets the standard 

of a “limitative colony” (i.e., the percentage of the population over 65 years is higher than 50%). As 

seen in Figure 8, these areas are situated along the highly‐sloped areas of the mountain. 

Thus, if current conditions persist, the population will continue to decrease, and the percentage 

of elderly residents will continue to increase. Countermeasures should be introduced to this area, 

immediately, to maintain the vitality. 

 

Figure 10. Percentage of population older than 65 (2008). 

4. Urban Regeneration Based on GIS Analysis 

4.1. GIS Analysis 

Leveraging the analysis conducted on urban population (see Section 3), using urban geographic 

data, we created an encompassing redevelopment plan to promote urban vitality. We proposed a 

migration from the sloped‐mountainous area to the flat area, to concentrate the population in this flat 

Ocean 

Ocean 

Figure 10. Percentage of population older than 65 (2008).

4. Urban Regeneration Based on GIS Analysis

4.1. GIS Analysis

Leveraging the analysis conducted on urban population (see Section 3), using urban geographic
data, we created an encompassing redevelopment plan to promote urban vitality. We proposed a
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migration from the sloped-mountainous area to the flat area, to concentrate the population in this
flat area, to create a compact city center, thus, promoting a livable community. We identified the area
promoting inward migration, the area promoting outward migration, and the buffer area, using the
results through the GIS analysis, as shown in the Figure 11. We selected flat areas to be the object
region for inhabitant migration. The migration is expected to concentrate and reduce the city size, thus,
improving the efficiency of city services and facilities.

Areas promoting outward migration are those with high slopes, high ratios of elderly residents,
elevations higher than 80 m, and slope degrees higher than 5. Residents who live in the steeply-sloped
areas should be encouraged to move.

Areas promoting inward migration are flat and offer convenient traffic and public facilities,
with elevations lower than 40 m and slope degrees lower than 3. These areas anticipate further
enrichment of urban facilities, to promote convenient living.

Buffer areas are the areas between outward migration and inward migration areas. Government
offices and universities are currently situated in these areas. Areas of outward migration will become
sparsely populated during the process of inward migration. In the buffer areas, sparse landscape,
community decay, and crime could be alleviated by adding public facilities and encouraging more
human interaction.

A high density of population and buildings are required to support the public facilities operation.
Residents living in areas promoting outward migration currently cannot conveniently access these
public facilities, and these facilities will continue to decay as population density decreases. Sustainable
urban planning must condense these city functions and increase population density to increase
urban efficiency. Some problems make it difficult for inhabitants to migrate smoothly, which include
economic problems and local community conditions. Minimum living conditions must be maintained
for residents who need to continue living in the areas that promote outward migration.
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Figure 11. Object region for inhabitant migration.

The central zone shown in Figure 12 was a gateway into the residential area, through which
employees would pass on their way home from work. This was considered to be a high-level
commercial area in the past. Currently, the central zone includes a mix of commercial and residential
areas. In this mixed-use area, all necessary city facilities are located within 500 m from the center,
which is a reasonable distance to access conveniently. This mixed-use area has the potential to serve as
a residential area, promoting inward migration.
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4.2. Environmental Shading and the Community Regeneration Plan

By focusing on the area promoting inward migration (shown in Figure 12), the population
capacity of the built environment could be increased, providing more building facilities. We proposed
two different redevelopment patterns to meet the existing needs and create a more compact urban
center. With the view of adapting new building facilities into the existing urban environment,
Figure 13 compares two plans—a composite regeneration plan and a partial regeneration plan.
The composite regeneration plan would involve rebuilding whole street blocks with high-volume,
mixed-use, high-rise buildings. In this plan, the lower part of the buildings would be for commercial
use and the upper part for residential or office use. In the partial regeneration plan, each street block
would be partly redeveloped, according to the specific land-use ownership situation.

In our proposed plan, each new apartment building would be 10 floors tall. According to the
redevelopment patterns, there would be 6–8 units in the composite regeneration plan, or 4–6 units in
the partial regeneration plan. As the average number of inhabitants per family was 2.47 in 2017 [34],
the total number of inhabitants for each building would be 148–197, for the composite regeneration
plan, or 98–148 for the partial regeneration plan; this would fully support efficient operation of local
public transportation.
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Figure 13. The image of the two regeneration plans (a: composite regeneration plan; b: partial
regeneration plan).

In the composite regeneration plan, the building layout in the core area would be completely
redeveloped. The urban form could, thus, be unified, within all blocks. In the partial regeneration
plan, the demolition and redevelopment of the existing buildings could be carried out, according to
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the individual conditions for each location, and some of the existing buildings would be maintained.
Compared to the existing low-rise blocks with narrow streets, the redeveloped plans with the high-rise
buildings would create smaller building footprints, larger building setback from the streets, and wider
streets. This would provide a greater availability of urban green surfaces, which would potentially
reduce the energy consumption for the lower parts of the buildings and promote a healthier urban
microclimate [35,36].

Figure 14 shows the results of the shady condition estimation, for the two regeneration plans.
According to Japanese regulations (as discussed above), 4-hour shadows are restricted 5 m away
from buildings, on the winter solstice, in residential districts, and the presence of such shadows
increases the likelihood of opposition to the redevelopment plan, within the local community. In the
partial regeneration plan, almost all buildings remain in poor sunlight conditions, and some are in
4-hour shadow. In the composite regeneration plan, very few buildings experience a 4-hour shadow.
Compared with the partial regeneration plan, the composite regeneration plan created superior
sunlight conditions, with fewer shady areas.
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5. Discussion

To address the current aging society in Japan, this case study combined a variety of data to suggest
two potential urban redevelopment plans, to promote urban activity and improve the efficiency of
urban service facilities. Urban planners must find the most suitable area to arrange concentrated
land use, throughout the planning process. Sustainable urban design requires that new elements be
introduced into traditional configurations, while the construction style of buildings in a mixed-use area,
can better reflect the character of a district. This case study for the revitalization of the Yahatahigashi-ku
can be applied to redevelopment projects, in other shrinking cities.

This study developed and standardized the slope-degree method, using GIS data as a
development tool, and identified the importance of geographic information for urban planning.
The method for calculating slope degree used in this paper was not the only way to obtain urban
slope conditions, and more effective calculation methods should be studied in the future. This paper
highlighted the importance of sharing data evaluations, throughout the urban planning process.

After the departure of the inhabitants, empty houses on the high slope areas would become
witnesses to the history of Yahatahigashi-ku’s boom years, as a well-developed industrialized
city. As with similar sites such as Japan’s Battleship Island in Nagasaki, and the Yokohama Red
Brick Warehouse, the unique mountainous landscape of Yahatahigashi-ku has the potential for
tourism planning.

This case study proposed and compared two ideal plans for community regeneration.
Urban redevelopment usually requires significant time, so that plans can be negotiated with the
local citizens. The redevelopment of inward migration promotion areas requires the agreement of all
landowners of each existing dwelling, which is one of the most time-consuming aspects for most urban
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redevelopment cases in Japan. Therefore, the composite regeneration plan that redevelops the whole
block, would be more difficult to carry out in reality, than the partial regeneration plan. Future studies
should consider the different policies on urban redevelopment and demolition compensation measures.

6. Conclusions

In this paper, we used GIS for site analyses, developed an urban geographic evaluation standard
for slope degree, and discussed a proposed urban regeneration plan for the Yahatahigashi-ku,
as a case study. The GIS evaluation of the Yahatahigashi-ku revealed that many dwellings in the
highly-sloped mountainous areas, created poor living conditions for the older adults. Poor urban
planning forced inhabitants to walk everywhere, due to limited vehicular access in the steeply-sloped
areas, making it difficult for the older adults who form a high proportion of Yahatahigashi-ku’s
population. A GIS evaluation, enabled planners to propose methods for urban regeneration that would
require the concentration of city functions, the connection of access points for public facilities, and the
improvement of the residential environment. Most of the young people are moving out of the area,
and older adults stay back because they cannot afford to move elsewhere. This study suggests that
the government provide financial support to the local people for urban regeneration. It was crucial
to introduce GIS, to redesign a suitable site for local migration. In this comprehensive evaluation,
we selected the central zone as the ideal site for redevelopment, considering the urban and built
environment through the redevelopment process. The environmental evaluation of two community
regeneration plans demonstrated that a composite regeneration plan created better sunlight conditions.

It is imperative that city planners conduct an evaluation of site information to identify the most
suitable area for planning, based on the satisfaction of current residents within their environment.
The formulation of a sustainable urban design requires that new elements be introduced into the
traditional configuration, especially as the construction styles of buildings in mixed-use areas, reflect
the character of each district. This study provides insight into urban redevelopment for shrinking cities
in Japan, based on the evaluation of the urban population, geography, and environment. This case
study contributes to the literature on urban renovation in Japanese cities, as well as in other cities
facing similar situations.
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