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Abstract: From a sustainable material management perspective, vacant houses represent material stock
and still have potential in the circular economy. This article addresses two aspects of understanding
and managing vacant houses: the difficulty of understanding their spatial and temporal patterns
and the management of the social costs behind the phenomenon of vacant houses. These aspects
are approached by combining a 4D GIS analysis with expert interviews and additional qualitative
tools to assess the spatial and temporal dimension of vacant houses. Furthermore, this manuscript
presents a tool to estimate the obsolete dwelling material stock distribution within a city. The case of
the city of Kitakyushu demonstrates the relationship that exists between the historical trajectories
of housing norms and standards, such as comfort, cleanliness, safety, and convenience, and the
dynamics of the built material stock and demography for three selected neighbourhoods. The results
show that the more locked-in a district is in terms of “obsolete norms and codes”, the more likely it is
that the obsolete stock is dead, and consequently, urban mining should be considered. The article
concludes that a revisiting of the norms and standards of convenience and other domains is one of
the prerequisites of the transition toward a circular built environment and the prevention of obsolete
stock accumulation.

Keywords: circular city; material stock analysis; historical trajectories; housing norms; obsolescence;
urban design

1. Introduction

“Empty houses” do not occur in helpful clusters. Rather than an urban cancer, to be cut out by
abandoning the declining neighbourhood, they are a kind of urban measles. Individual houses fall
empty in every neighbourhood when their owners grow old. For Japan’s mayors, measles is the more
painful disease. They are left with the same costs—the same lengths of road and number of primary
schools are required—but an ever-falling population of taxpayers who can pay for it all [1].

Japan is a country with a rapidly ageing population [2] and many vacant houses. According to the
latest survey, the national residential vacancy rate reached a new record of 13.6% [3]. Harding’s metaphor
draws attention to two crucial aspects that Japan is called to face: the difficulty of understanding the
spatial-temporal development of vacant houses within urban areas, and the management of the social
costs related to this phenomenon.

Although Harding claims a lack of specific spatial patterns behind the vacant houses, recent
Japanese studies in geography have revealed different dynamics for different areas within cities,
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especially when they added in a temporal component [4]. According to the studies of the spatial
distribution of vacant houses within city boundaries, Nishiyama (2019) identified that vacant houses
in megacities like Tokyo are mostly situated in suburban areas, while smaller cities tend to experience
vacancies mostly in the city centres [5]. This article verifies these findings and uses this understanding
to propose and discuss solutions.

To examine the second aspect, this article assesses the societal, economic, and historical context in
which the phenomenon occurs and proposes measures to prevent and reduce the social (e.g., weakened
social fabric) and environmental costs (e.g., leakage to the environment, avoided material extraction)
of vacant houses. There is a large number of vacant houses scattered around Japan. In addition,
the average lifespan of Japanese houses is only 20-30 years [6], which leads to a high demand for
construction materials. Considering the push towards urban sustainability, academic experts are
advocating that societies move from the continuous construction of new buildings to a circular built
environment [7]. While the first term conveys the practice of constructing and demolishing without
efforts to reduce the environmental and other impacts, the latter term encompasses practices in design,
construction, maintenance, and deconstruction that are in line with circular economy (CE) principles.
As part of this shift, the study of vacant houses in shrinking cities will be increasingly important going
forward. First, although age-related vacancy is mainly found in Japan, many rapidly growing cities
are dealing with underused material stocks, and regions of Europe and the USA are already coping
with the social costs [8,9]. In addition, temporary vacant housing should not be considered a social
problem because old temporary residential areas may attract future investment [10]. However, when
vacant housing is a symptom of permanent stagnation, as in the case of many Japanese cities, this
social problem, when not managed in the right way, can lead to social disorder and the expansion of
slum-like areas [10]. Mobilising vacant houses can also be considered as a strategy in the transition
toward circular cities. In this regard, it might seem surprising that the spatial dimension of the circular
economy has not been explored well in the existing research. One reason could be that in industrial
ecology, which is one of the fields at the foundation of the circular economy [11], space is a rather
neglected dimension and the circular economy is often seen solely as the sum of businesses [12]. This
manuscript aims to address this gap in the research on the urban circular economy by including space
as a resource in the model. In other words, buildings are not only stocks of materials, but also stocks
of space and should therefore be included in any local sustainable development strategy. Hence, in
circular cities, buildings should serve societies for as long as possible; when their service time ends,
the buildings should function as a reservoir of secondary materials and urban mining (the practice
of recovering secondary resources from obsolete sinks of materials in cities) [13], which could help
reduce the embodied environmental impacts [14].

In Japan, the vision of a “material stock”-type society was put forth by the Japanese Ministry of
the Environment in 1999: “a society in which construction, infrastructure, and products are used for
a long period of time” [15]. In this type of society, the quality of material stocks is improved, and
low-value stocks are replaced to serve society in the most efficient way. This implies a longer and more
intense service use, which results in extracting fewer primary resources and slower material flows.
Policymakers need to understand and manage the resource accumulation embedded in buildings and
infrastructure to prevent a shortage of services like housing and mobility. Transforming the linear
metabolism of materials into a circular one could guarantee the continued use of older materials and
thereby contribute to sustainable urban development. For cities, this means that such an approach can
also help to reduce urban sprawl, which is not just ecologically but also economically unsustainable [16].
While the energy, materials, money, time, and other resources embodied in these vacant houses are
fixed and not serving society, their presence hinders compact city planning and stimulates urban
sprawl. Therefore, this paper aims to contribute to the understanding and managing of this obsolete
housing stock to support a material stock-type society.

Recent developments in the theory of the circular economy have embraced this concept. In fact,
as in the concept of a material stock society, the circular economy theory advocates a model of the
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economy where the material loops are narrowed and slowed down, and quality of life is improved. This
article focuses on the potential of urban mining [17] and other circular economy practices for dealing
with these obsolete material stocks [18]. First, some stakeholders might perceive the obsolescence of
a house differently depending on their know-how and prioritised criteria, and might have different
opinions about when the (social) costs of a vacant house are too high, and hence, which circular
economy strategy is best for reducing these costs. To guarantee the success of the implementation, it is
essential to understand the perspectives of local stakeholders on vacant houses and the current norms
and standards for a home, which influence their adjustment behaviour [19]. Potential and previous
homeowners have housing needs that can be derived from “cultural standards against which actual
housing conditions are judged” [19]. Few scholars researching building material stock have engaged
with homeowner and consumer sciences to understand the changes in norms and standards for the
built environment over time [6], so more research is required on housing adjustment theories, urban
planning, and material stock in order to identify feasible circular economy options.

The majority of material stock research discusses delaying building obsolescence [6,20], increasing
the average building lifetime [21], or investigating durability [7] as essential strategies for the transition
toward a circular and therefore more sustainable built environment. A common finding of these
scholars is the need for research that can account for and communicate, at the right moment, which
materials in what quantities and where in the city become available for urban mining, and other
circular economy strategies [22]. Whereas industrial actors are more interested in detailed accounts,
more economy-wide insights can help policymakers develop place-specific circular economy strategies
for different materials [12].

Hence, this article applies a model of a circular economy approach for obsolete housing proposed
by Wuyts et al. (2019) to assess the problem of permanent vacant houses in a city [6]. The study behind
this model integrated the idea of cultural norms that influence the evaluation of houses by residing
families. This model resulted from observations in Onomichi, a model town in Japan coping with
vacancies. Some vacant houses in this model town were demolished and replaced by green areas and
playgrounds for children. Other vacant houses could be restored and repurposed. The limit of this
model is that it has not been tested in other cities. Hence, the novelty of this study is that it applies this
model for the first time and evaluates this.

As this article intends to understand the roots of the problem and identify opportunities for
reducing or reactivating this stock of embodied materials, we propose additional tools to be integrated
to map the spatial and temporal patterns of vacant houses within the boundaries of a city as a heuristic
amendment to the existing model.

As a case study we analysed Kitakyushu, a city in southern Japan, which is a frontrunner city in
urban sustainability with much know-how regarding cleaner production and waste management [23].
Since the establishment of Yahata Steel Works in 1901, the heavy and chemical industries of this city in
northern Kyushu have led the economic growth of the city [24]. In the decades following World War II,
the city of Kitakyushu in southern Japan gained an international reputation for its steel production [25].
The city was built for, and around, its industrial structure; the housing accommodated the labour force
of the new industry [26]. However, as these industries lead to higher income, and house ownership
was culturally and institutionally idealised in Japan [27], the city expanded horizontally; people started
to build new houses in the hillsides and suburbs of Kitakyushu. In the 1980s, the steel industry was
past its heyday of the 1960s, and the local government took a more central role in the transition to
environmental industries and cleaner areas [23], introducing policies and programs in the early 1990s to
change the city’s industrial structure into that of an eco-town [26]. This was the beginning of an urban
sustainability transition with experiments and initiatives balancing and reinforcing it, which makes
Kitakyushu a frontier city in urban sustainability, hailed by international and national institutions [23].
The city’s architecture dates from the heyday of Kitakyushu’s steel industry, as most buildings are
midrise tenant buildings, but the passage of time has given these buildings a worn look, i.e., these
buildings have corrugated iron roofs and walls and do not show signs of exterior maintenance [28]. As
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the standardisation of safety, comfort, convenience, and cleanliness embedded in codes and standards
is reproduced in the built environment and in people’s expectations of what an “ideal home” should
be [29], especially given Japan’s postwar economic quality-oriented growth [6], many of these houses
are considered to be obsolete. Kitakyushu has a renovation culture whereby communities reclaim
abandoned houses in the city centre, some of which are over 100 years old [28]. At the same time, new
residential development is still taking place in suburban areas, which is observed in other cities in
Japan. In general, for Japan, the mechanisms behind vacancies and urban shrinkage are more related to
demographic changes and urban sprawl [9], neoliberal urban housing policies, and changes in people’s
lifestyle [10]. In other Western countries, urban shrinkage is commonly interpreted as a consequence
of a decline in local industries (for example, the rustbelts in the USA and Northern England) [30] or as
the result of a political regime change, as in postsocialist Europe [31]. The city of Kitakyushu seems to
be a hybrid result of both of these “historical trajectories,” where the spatial distribution of vacancies
in one district can be attributed to a local industry decline, whereas another district seems to reflect
changes in lifestyles and cultural housing norms, and standards of cleanliness and safety, comfort, and
convenience in particular. For policymakers and industry, it is pivotal to understand the consequences
of an Industry 2.0 model (mass production on assembly lines), which was the backbone of Kitakyushu’s
economy for almost the whole of the 20th century, to an industry 4.0 model (digitalisation, artificial
intelligence), which implies a demand for a new type of labour pool. The industrial labour force
became more “obsolete” in this local industry decline. By applying housing adjustment theories, this
manuscript will explain the impact of economic structural change on the housing norms, which on
their turn have an impact on the demographic and built environment patterns. As the current housing
conditions of some districts are more characterised by this change, each district has a different housing
metabolism and requires a different circular economy strategy. This makes Kitakyushu an excellent
case study not only to analyse the complexities of the urban housing metabolism, but also to prove the
importance of designing a place-sensitive, social, circular built environment.

1.1. Political-Industrial Ecology: From Problem to Solution, and from Theory to Practice

To fully understand the metabolism of housing, we believe a pragmatic combination of industrial
and political ecology-based approaches is needed. At first sight, the approaches, methods, and
perspectives of political and industrial ecology might appear incompatible, but Newell and Cousins
(2015) introduced a political-industrial ecology approach, which has proven to be a viable basis to
assess the sustainability of urban systems [32].

While political and industrial ecology share urban metabolism as a common research interest, their
approach to it is different. Some scholars, mainly from the field of geography, describe political ecology
as a subfield examining the sociopolitical dimensions of the flows, exchanges, and transformations
within an economy, while industrial ecology attempts to measure and visualise the incoming and
outgoing flows or accumulation of stocks as precisely as possible [33]. This could lead to the
interpretation that industrial ecology describes the patterns, and political ecology deciphers why these
patterns happen; furthermore, the former applies quantitative assessments while the latter is also
open to qualitative approaches. However, industrial ecology, like political ecology, has no stand-alone
definition and draws principles, tools, and methods from other disciplines like engineering and
economics. The boundary between political and industrial ecology, especially for the study of urban
metabolism, is very vague [32-35], which calls for a more integrated approach and perhaps even a
refusal to label those tools related to industrial ecology and those related to political ecology. Industrial
ecology also utilises qualitative data and examines social dimensions, for instance, to understand the
stakeholder processes in industrial symbiosis [36]. The Vienna School of socioeconomic metabolism
especially looked beyond quantitative accounts to understand how historical processes have shaped
stock-flow trajectories [37]. In addition, Newell and Cousins (2015) criticised industrial ecology for
missing a spatial and political dimension, and infused some “spatiality” into the field [32]. Although
earlier built material stock studies included spatiality as integral [21,38], the apolitical dimension is still
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a critique. Nevertheless, industrial ecology is one of the schools at the root of the circular economy [11]
and not only provides data and descriptive accounts, but also contributes to testing the impact and
feasibility of solutions and strategies. Pomponi and Moncaster (2017) emphasised the need for a
multidimensional approach in research and design in the built environment [7]. Hence, this article
revisits the theoretical considerations of political-industrial ecology [32-35]. For the remainder of this
paper, the political ecology component is the system science that critically analyses the roots and context
of the current problem (vacant houses) as well as barriers to and opportunities for social transition.
Pomponi and Moncaster (2017) called for a behavioural dimension. This manuscript addresses this by
integrating well-established concepts of consumer studies and the housing adjustment theories. The
underutilisation of a house, or the quality of material stock use, is not only a result of technical factors,
but also the result of social factors and specific user behaviour. According to Morris and Winter (1975),
homeowners assess the conditions of the house with the help of norms [19]. If the housing conditions
do not comply with these norms, a housing need deficit will occur and can lead to an adjustment, like
renovation, expansion, or moving out, unless the constraints (e.g., income) are too high. Hence, in the
political ecology component, we look at the impact of political, social, and economic factors on these
housing norms. The understanding of these housing norms is also used to inspire the quantitative
(industrial ecology) part of this research.

The industrial ecology component of this approach is system science, which provides solutions for
the future and data on the feasibility of these solutions. Combined into a theory of political-industrial
ecology, they will function as the theoretical basis for this article, which seeks to integrate different
perspectives into a holistic critical lens.

1.2. Adding a Spatial and Temporal Perspective on the Circular Built Environment

The integration of spatial analysis, typically for disciplines like geography, can be increasingly
observed in industrial ecology research. Understanding the spatial patterns of urban metabolism not
only leads to a holistic view of a city as a system, but also acknowledges the uniqueness of every urban
system. Place-sensitive data—quantitative and qualitative—and analyses and calculations can help us
to better understand why products, programs, and ideas lead to success or failure in one place but not
in another, and can help us to find city-specific circular models [12]. In industrial ecology, defining the
system boundaries, i.e., at which level a study can be conducted (local, national, regional, or global), is
one prerequisite of many tools, such as life cycle assessment (LCA) and material flow analysis (MFA).
In this manuscript, the boundaries equal the municipal boundaries of Kitakyushu. Although some
materials require more global circular strategies, like rare metals that are mined and processed in a few
places across the world, building materials are widely available; building materials mostly reflect local
availability as well know-how, national building standards, and other local characteristics because the
construction and use of houses are mediated through local people [39,40]. Hence, it seems appropriate
to propose local circular strategies for the existing building material stocks and flows in a city, rather
than to integrate a wider and more global economy. Industrial ecology is starting to encourage
spatially explicit analysis rather than mere statistical analysis without a spatial dimension because
the former provides more contextual insights that can help policymakers and other stakeholders to
better understand and manage their cities and the stocked capital [13]. For instance, a spatial analysis
of the material stock in Padua, Italy displayed an uneven spatial distribution of building materials;
whereas the historical centre has “old stock” with a high historical value, the suburbs are more prone
to continuous urban renewal processes [13]. This insight can help the policymakers of Padua to
decide to look into urban mining for the suburbs of Padua, and to look into the tensions between
cultural preservation and other sustainability goals, like alternative and reduced energy use and spatial
justice [41], which can be in turn used for remodelling the older parts of the city [42]. The 4D-GIS
analysis, for instance, which was developed by Tanikawa and his colleagues and quantifies and locates
construction material stocks over time at municipal and national levels, has since been widely used
in case studies elsewhere [14]. In other words, they integrated a temporal perspective into the GIS
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tool, which locates the distribution of the material stock in a system, to track the spatial and temporal
patterns of material stock over time [14]. This method gives insights into the average building lifetime
of stock in various districts of a city, which can be used as a parameter for predicting the outflow of
demolition waste, and, consequently, can predict opportunities for urban mining that add value to
the economy, or be used to understand when renovation is needed based on building quality and
lifespan [43].

2. Materials and Methods

The empirical research that provides the basis for this article is built on a mixed-methods approach.
It combines a quantitative assessment using GIS analysis and spatial statistics, and a qualitative
assessment combining photo, news, and document analysis. The mixed methods approach also reflects
the versatility of a theory of political-industrial ecology, which serves as the basis for this research.
Furthermore, the research uses an adapted version of the model proposed by Wuyts et al. (2019) to
evaluate the status of the existing housing stock and to derive policy recommendations.

The model proposed by Wuyts et al. (2019) successfully provides a simple taxonomy to categorise
building obsolescence in support of a circular or material stock-type society. However, to further assess
possible circular strategies for the problem of vacant houses, more subcategories are needed. Therefore,
we added the idea of dead and hibernating stock to the initial model (Figure 1). In this regard, dead
stock means stock that likely cannot be sold for the service for which it was intended and for which
storage results in (high) social costs, while hibernating stock still has the potential to serve society again
in the purpose for which it was intended. Circular strategies for hibernating housing stock centre on
reclaiming, which could involve renovation, retrofitting, and adapting different marketing strategies.
If a house is in a state of disrepair or is obsolete according to the current norms and standards, it is
dead stock. In business, dead stock refers to the amount of a product that a company or institution has
bought or made but is unable to sell, and storing it is costly. A vacant house could be considered as
dead stock when the costs for keeping it are high, and if it is unlikely the house will get sold, as in the
case of permanent stagnation such as in shrinking cities. The recommendation is to deconstruct the
house and “mine” the materials or components, because such houses can cause health risks related to
bad living quality (individual risks), social disorder (neighbourhood risks), and compact city planning
(urban management risks) [6]. Urban mining refers to the recovery of “materials accumulated in the
urban environment, which were not specifically designed for recycling or reuse” [22].

Academic research objectives >>>>  can help to understand >>> which circular economy
: | strategy could be applied

7

Existing housing stock

spatial component:
where vacant?

Dead Stock= unlikely it can be sold for J:; Urban Mining of building

Political Ecology: why? e servite 1tvias htendet components or materials

Industrial Ecology: how much? Hibernating Stock= has the potential Repurposing the house,
to again serve society for its intended C=—=—= providing financial
purpose instruments to encourage to
use again
temporal component: Obsolete stock =
when vacant? not more in use
Encouraging more intense
time use to increase material
Political Ecology: why? H Part-time use stock 55— efficiency
Industrial Ecology: how much? H . - Maintaining or replacing if
BY | Full-time in-use stock l:rt> lowsquiality

Figure 1. Circular economy concerning vacant houses—the adapted heuristic model from Wuyts et al.
2019 for researchers and policymakers.
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The spatial and temporal components presented in Figure 1 can help us to understand the why,
where, and how much of obsolete stock, to estimate its potential, and to predict why and when these
material stocks became obsolete. However, as part of the temporal component of the model, the
historical processes and the meaning associated with the social practice of “using a house” have to be
analysed to identify the impact of the ideologies dictating industrial and housing policy in Kitakyushu.
In other words, not only should material inputs be studied, but also nontechnical factors, like needs
in terms of human resources [44,45] and market regulations [45,46], as well as the dynamics behind
consumption, like changes in norms and codes of social practices over time [47,48]. To acknowledge
this, the model outlined in Figure 1 is complemented by an overview of the relationship between

domains of practices, built material stock, jobs, and people (Figure 2).

Possible proxy
indicators
(Green are used)

i Average number
: of bedrooms?

i average floor
i area?

! Parking space

Cultural and family norms

Change of political, social
and economic factors

Economic structural change
invites a new labor pool with different
needs (e.g. norms)

| available? { Convenience ]
: ] Possible effects on houses and people
{ Proximity to other ' ! Proximity to other NI prommmemmeemmoseooeoooeooony
! services? 1 <—! services i Demographic i Change use and
' | changes i quality of built
o T : ! environment
i Cleanliness :
. i and Safety Elderly rate change | More obsolete stock
| physical age N ] I I S
i building 1 “—1 physical age building
| S ————————— [—l *********************
o ] ] (
i Housing need deficit? |

Figure 2. Schematic overview of the relationship between norms, built material stock and people, and
changes in political, social, and economic factors. The indicators serve as examples of how to measure
the case of a house.

Moreover, it must be stressed that standards and norms are nurtured by the values and form
of organisation of a society and therefore are continuously changing. Having said that, this change
can be driven by powerful actors within or, in some cases, even outside of the society. For cases of
housing, this means that stakeholders, like policymakers or the building industry, may intend to
change the standards and norms to their benefit. An example in housing is the standardisation of
qualities like safety, comfort, convenience, and cleanliness. Moreover, current narratives are commonly
the result of path dependencies, causing difficulties in renegotiating them [29]. Taking this into account
with regard to the disposable house culture in postwar Japan, building standard codes could guide
decisions about which houses are delayed obsolete (i.e., houses that are obsolete in terms of social
norms but still in circulation [6] according to the local survey (Table 1) and the estimation based on
our primary data collection (Table 5)) and which are not. For example, when citizens look for new
houses, they are advised to get houses built after 1981 because they have been built following stricter
regulations regarding resistance to earthquakes. Figure 2 gives a schematic overview of the studied
norms influencing everyday practices after Shove (2003); “comfort, cleanliness, and convenience”
provides indicators to operationalise them and demonstrates their relationship and effect on the built
material stock and people, but also the impact of political, social and economic factors, and economic
structural change in particular, on these norms. The concept of housing adjustment theories, as
proposed by Morris and Winter (1975), is integrated in this figure [19].
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Table 1. Features of the two districts of primary data collection.

District Description

Residential area. Samples were taken in neighbourhoods on slopes near the
industrial area, which was the industrial centre, as well as in housing blocks

Yawata Higashi Ward with narrow streets. Because of the proximity to the central city area, the
density of houses is relatively high, and the rate of poorly approachable
houses is high.

Reclaimed city area formed by the Wakamatsu Construction Port Project in
the Late Meiji Era. Although the roads are relatively wide (compared with
Yawata Higashi), the housing density is high, because of the average small
house size. Many houses are old according to Japanese standards.

Wakamatsu

2.1. Quantitative Assessment

For the quantitative assessment of the spatial patterns behind vacancy, this study looked at
GIS data from two sources: the survey from the local government conducted in 2014-2015 [49,50]
and primary data collection on site. Regarding the local survey conducted in 2014-2015, the local
government used visual data to count and categorise the vacant houses according to deterioration
degree or risk [49,50]. The risks were assessed based on location characteristics (neighbourhood
norms, e.g., inclination of the closest road) and physical appearance (quality norms, e.g., uncontrolled
growth of plants at the door). As staff of the local government conducted the survey and are the sole
determinants of this risk assessment, these data have some built-in problems. Whereas neighbourhood
norms involve subjective orientations toward basically objective matters, the latter is about subjective
matters [19]. In addition, the agenda of the local government for this survey was not to support the
building of a material stock-type society or circular built environment.

Concerning the second data source, over the last few years, Tanikawa and his team built a 4D-GIS
dataset for Kitakyushu to investigate previous material stock analysis, complemented by insights
into the local history of the city. More concretely, Tanikawa and his team digitised and georeferenced
maps for the years 1986, 1995, 2000, 2005, 2010, and 2014 to calculate the material stock, as proposed
by Tanikawa et al. (2009), and divided them into in-use-stock and obsolete stock. The first step was
primary data collection on site. In October and November 2019, field surveys were conducted in the
sampled neighbourhoods, which were chosen based on their different historical trajectories. Table 1
describes the features of the two main wards (or districts) where the team collected primary data
collection and some difficulties with the primary data collection. The team counted temporary and
permanent vacant houses. A 360-degree camera was put on the roof of a car to take pictures while
driving in the target area. In addition, a survey was done by foot in areas inaccessible to cars. When
the house looked in good shape and/or a sign indicating it was to rent or for sale was visible, a label
of temporarily vacant was assigned to the house. When a house was in bad condition (for example,
with significant damage to the outer walls, roofs, and windows), the label of permanent obsolescence
was assigned. In total, of the around 2000 houses assessed, around 90 were considered obsolete. The
information was digitised and added to the GIS database.

Secondly, a factor analysis (multiple regression analysis) was conducted to understand which
explanatory variables were significant. These factors comply with housing adjustment theories [19] on
which are the housing needs that homeowners can have, as well as the political, social, and economic
factors and constraints (Table 2). A house can end up in a vacant state if, for example, the housing
market conditions change, the economic structure changes, and/or if one or more norms change and
constraints can be overcome. An example of a constraint is the limit of expanding a house when a
family changes, due to childbearing for example, and more space is required. This could then lead
to the family’s choice to move from this house. To simplify the factor analysis, input variables were
chosen on the basis of whether they could be derived from the database and considering the local
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history of the districts and Kitakyushu. For convenience, we tested several input variables that are also
used in the location optimization plan of Kitakyushu [51] to synchronise better with policy makers.

Table 2. Choice of factors, sorted according to the housing adjustment framework [6,7].

Housing Need Type or . Description and More Explanation
Cultural Norm Type Norm Input Variable (Factor) about the Input Variable
Space Norms Comfort Floor Area Floor area of the building (m?)
. Data about home ownership cannot be
Tenure Norms No Input Variables retrieved from the current database.
Structure-Type Norms No Input Variables T.hls manus cript focuse§ upon detached
single family type housing.
Building age = 2018 — construction year
. a1 Flagpole = houses with a centre of
Quality Norms (;Legr;l;?;ss IljlzﬂdgllegAAriea gravity of the building at least 10 m
y &P away from the road are assumed to be
“flagpole grounds” =1
Boolean Variables
1 Withi .
Near Station 1 2 W%th%n 500 m: 1
Within 300 m: 1
Near Bus Stop 2 .
. These choices are based on the
Near Hospital 2 . . o
s Kitakyushu Location Optimization
Near Welfare Facility 2 Plan [50]
. . Near Elementary ) . .
Neighbourhood Norms Convenience School 1 Nearest road width = the width of the
. road closest to the building (m)
Near Industrial Zone 1 Housing density = average number of
Nearest Road Width OUSINg Censty 2 average number o
. . buildings per km*.
Housing Density Inclination = lue of
Inclination nclination = average value o
inclination data closest to the building
for each 100-m mesh (°)
Diversit Elderly Single Percentage of households 65 years old
y Household Ratio or older in this housing block

After the factor analysis, the significant variables were put into the estimation model of the
distribution of housing. The model can be described by Equation (1):

y(i) = a(i) * x(i) + b, @

where y: vacant house ratio for every 100-m mesh, x (i): explanatory variable, a (i): regression
coefficient, b: constant. The variables are chosen based on the Kitakyushu City Location Normalisation
Plan [51]. The validity of the model is verified by comparing the number of vacant houses in each
administrative district according to the local survey on the vacant houses conducted by Kitakyushu
City in the period 2014-2015 [49,50]. The preliminary results are used to visualise which places
accounted for a higher percentage of obsolete stock. In addition, the study combined these maps with
data about land zoning and housing (and their attribute data), and local statistics about the age of the
population for several districts and neighbourhoods [52,53]. Lastly, the material stock of detached
houses was calculated for every 100-m mesh. A 100-m mesh is a mesh-based polygon of 100 m by
100 m. The calculation followed the well-established approach proposed by Tanikawa et al. (2009) and
used method and material intensity coefficients for houses made with nine categories of stock-building
materials. The materials covered in the analysis are expressed in millions of tonnes. The material
intensity coefficient table is an updated version of the article by Tanikawa et al. (2009). Hence, the
obsolete stock was estimated by multiplying the total material stock by the vacancy rate. The in-use
stock was estimated by subtracting the obsolete stock from the total material stock.
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2.2. Qualitative Assessment

A qualitative assessment was carried out to prepare the quantitative assessment and to validate
and complement its results. In the first phase, neighbourhoods or larger districts that have unique
historical trajectories for primary data collection were identified. The necessary data were collected
during field visits (July 2018-October 2019) and were drawn from observations and the analysis of
historical photographs. In addition, a desktop-based analysis of national and local policy reports on the
construction and demolition of buildings was carried out to obtain further information on the historical
metabolism of the housing stock in the neighbourhoods. Last, a media analysis of local news was
undertaken to bridge data gaps and gain insight into the societal discourse regarding the demolition
and vacancy of residential buildings. For the second phase, the adapted model proposed by Wuyts et
al. (2019) took centre stage. The results of the first round of the quantitative and qualitative assessment
were used to classify the existing housing stock according to the ratings proposed in Figure 1 and to
confirm the role that the domains of practice play (outlined in Figure 2).

3. Results

Section 3.1 introduces the case study and presents the first round of findings on the city level.
Section 3.2 zooms in on three selected districts and shows through a spatial-temporal lens that one
impulse, the changing industrial structure, can have very different effects in different neighbourhoods.
Furthermore, it demonstrates the need for local and place-sensitive strategies within a city to tackle the
dynamics driven by global trends.

3.1. Setting the Scene

Whereas the national residential vacancy rate is 13.6%, the residential vacancy rate for Kitakyushu
is 16.3%, according to the 2018 Housing and Land Survey of Japan [3]. According to calculations
based on the national survey, Kitakyushu counts 81,600 vacant dwellings, of which 24,800 are detached
houses, 5100 are tenement houses, 51,500 are apartments, and 200 are of other classification. In 2018,
only 9% of these detached houses were offered for rent and only 18% were for sale. While 95% of
the vacant detached housing stock is made from wood, only 12% of the vacant apartments are made
from wood. The government classified the vacant houses as high risk, medium risk, low risk, or
no danger [49,50]. All risky vacant houses are dead stock and should be urban mined, while the
houses classified as “no danger” are hibernating stock and can be redeveloped to serve the people
in Kitakyushu. The survey classified 7296 vacant houses, of which 3397 cases (46.6%) were “risky”.
Table 3 displays the numbers for Kitakyushu’s seven districts.

Table 3. Assessment of the vacant houses counted in 2014-2015 by the local government of Kitakyushu
according to degree of risk. All risky houses are dead stock, while the vacant houses without risk are
hibernating stock. The percentage is the number of vacant houses compared to total vacant houses in
this ward. Source: [49,50].

Hibernating
Dead Stock Stock
Ward High Risk Medium Risk Low Risk No Danger Total Vacant
(in %) (in %) (in %) (in %) Houses

Moji 9.2 222 14.2 54.4 1573
Kokurakita 8.7 16.8 17.7 56.8 1005
Kokura Minami 3.1 15.5 16.7 64.7 618
Wakamatsu 9.9 14.5 253 50.3 736
Yahata Higashi 12.3 23.1 21.8 42.8 1764
Yahata Nishi 6.3 154 19.9 58.4 1201
Tobota 8.8 15.8 13.8 61.7 399

Total 8.9 18.9 18.8 53.4 7296
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During the primary data collection in 2019, it was observed that neighbourhoods in the
Yahatahigashi Ward have a higher vacancy rate, because this is the area with old housing for
the labour pool of the industrial heydays. In neighbourhoods that were closer to the main train station,
fewer vacant houses were observed. Although the average road is relatively narrow in some of these
neighbourhoods, the proximity to the train station and the possibility of redevelopment make it more
likely that abandoned houses will be quickly replaced by newer houses.

The factor analysis (Table 4) revealed that the significant factors were the average value of
inclination data closest to the building for each 100-m mesh, the building year, the proximity to
industrial zoning, and the number of buildings per neighbourhood. Inclination seems to be an
important factor. In Japan’s disposable house culture, which conveys the observation that houses
are seen as liabilities and not treated as assets, demolition costs are high, because often the roads in
residential areas on steeper slopes are composed of steps, which restricts the access of trucks and heavy
equipment to enter and dismantle. In addition, these areas are not attractive for car owners, so it is
unlikely these houses will be chosen by potential buyers.

Table 4. Outputs of the regression analysis, *: 0.01 < p < 0.05, **: p < 0.01. The explanatory variables
are based on the variables used in Kitakyushu City Location Optimisation Plan [51].

Explanatory Variable Colsz?:iecasﬁ’:??{ 0 Adjusted RC T Value Adjusted T Value
(Constant) —18.2699 -8.7 —-0.031 —7.326 **
Inclination 0.0562 0.0554 2.501* 2.612 **

Nearest Road Width -0.1601 -0.1666 -1.374 -1.464
Flagpole 0.2535 0.754
Floor Area -0.0017 —-0.552
Housing Density 0.0005 0.004 2.139* 1.727 %
Proximity to 1.5165 1.5025 2.097 * 2154 **
Industrial Zone
Elderly Single
Household 5.1807 1.148
Building Age 0.0412 0.0416 6.000 ** 6.168 **
Proximity to 0757 11308 1368 2.669
Train Station
Proximity to Bus Stop 10.5308 0.018
Proximity to Hospital —0.2508 —-0.731
Proximity to
Welfare Facilities 09493 L9
Proximity fo ~0.3499 ~878

Elementary School

Subsequently, we estimated the vacancy rate for all the areas in Kitakyushu by using these factors
(Table 5), which will be discussed further in Section 3.2.

Table 6 presents the results of the estimated obsolete and in-use material stock for detached houses.
Regarding the spatial distribution on a district level, a higher amount of obsolete stock was observed
in Yahatahigashi, Moji, and Wakamatsu, neighbourhoods where houses are built on high slopes and
close to each other. This manuscript uses the classification of the city road certified standards in Japan.
A flat area means an area with roads with an average slope of 2.86° or less; a “less flat area” means an
area with roads with an average slope between 2.86° and 5.71°, a “sloped area” means an area of roads
with an average slope between 5.71° and 9.09°, and a “steep slope area” means an area with roads with
an average slope higher than 9.09°.
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Table 5. Comparing studies by the local government and the results of this study. (*) Between total
vacant housing (dead and hibernating stock) in local government survey and our model (**). Between
risky vacant housing (only dead stock) and our model.

Kitakyushu’s Survey Our Survey
Ward Risky Vacant Total Vacant Divergence * Divergence **
Houses Houses

Moji 686 1573 1059 148% 65%
Kokurakita 434 1005 375 268% 116%
Kokura Minami 218 618 331 187% 66%
Wakamatsu 366 736 650 113% 56%
Yahata Higashi 1009 1764 1009 175% 100%
Yahata Nishi 239 1201 462 260% 52%
Tobota 153 399 245 163% 62%
Total 3400 7296 4132 177% 82%

Table 6. Estimated obsolete and in-use material stock for detached houses (in millions of tonnes).
Usage is the percentage of material stock that is in use.

Area Obsolete In-Use Total Usage (%)
Kitakyushu (Total) 0.329 17.754 18.082 98.2
Flat Area 0.022 8.378 8.400 99.7
Less Flat Area 0.026 4.271 4.297 99.4
Sloped Area 0.057 2.415 2.471 97.7
Steep Slope Area 0.224 2.690 2.914 92.3

3.2. Zooming In: A Spatial-Temporal Analysis on the Level of Districts

The vacancies do not occur in the same quantity and quality in each district or neighbourhood. To
understand the spatial distribution of vacant housing, we selected for further assessment Yahatahigashi,
Yahatanishi, and Kokurakita, three dynamic districts with an interesting historical background and a
high number of vacant houses according to a first estimation model and local survey results [49,50].
Figure 3 displays the seven districts of Kitakyushu, important railroads and highways, and designated
industrial zones.

Map of the City of Kitakyushu 2020

2 7 4
{ N Wards of Kitakyushu

1. Wakamatsu

2. Yahata Nishi

3. Yahata Higashi
4. Tobata

5. Kokura Kita

6. Kokura Minami

7. Moji

- Designated Industrial zones
A. Yahata steel plant

B. Eco-town project

Figure 3. The districts of Kitakyushu designated as industrial zones and roads. GIS data source: [52].
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As Figure 2 explains, demographic changes and the accumulation of vacancies are consequences
of the perception of the current housing conditions as obsolete in terms of norms and standards.
The study of the effect of housing norms on people is also pivotal to the design of a social circular
economy because the main driver of this transition is to serve society as efficiently as possible. Hence,
this manuscript investigates demographic and vacancy patterns and the narrative behind these
changes. Smaller cities in postgrowth Japan tend to have different demographic and vacancy patterns
than megacities like Tokyo [5]. In bigger cities, suburbs tend to have a higher number of vacant
houses, whereas, in smaller cities, an increase in vacant houses can be found in the city centre. Since
the 1990s, attractive facilities and services, like department stores, banks, hospitals, and city halls,
have relocated to suburban locations [5]. In the meantime, highways have been established in the
suburbs, making travel by car increasingly convenient and comfortable in cities like Kitakyushu.
Kitakyushu demonstrates an interplay of different factors, which are stronger in some districts than
in others, because of place-specific historical trajectories of norms and other factors like economic
structural changes.

Of the three districts studied, Yahatahigashi shows a negative trend in demographic patterns for
the last three decades, and a higher percentage of empty houses, which seem to be delayed obsolete.
Yahatahigashi district is situated around the old Yawata steel factory plants and counts many hilly
areas with a high housing density. The slopes are steep, but people built there back in the heyday
of the steel factory, to be close to their work. Codes of safety, cleanliness, comfort, and convenience
were different from today. Figure 4b shows a much bigger contrast compared with Figure 4a; the
child population dropped by more than 50%, and there was a significant outflow of young people.
While the histogram for 1989 seems balanced, the histogram for 2019 shows the opposite pattern.
This can be explained by the fact that the heydays are over. Kitakyushu is investing in Industry 4.0.
Consequently, manufacturing skills became obsolete. Even if the labour force gets retrained for Industry
4.0, there is not room for everyone because Industry 2.0 required a larger labour force than is needed
in Industry 4.0 [54,55]. Hence, Yahatahigashi’s population is shrinking rapidly, and it is no surprise
that this is one of the districts most altered by vacant housing. Economic structural change often
causes the displacement of long-term residents and a process of “forgetting” [55], but hilly districts
like Yahatahigashi do not comply with the standards and codes of comfort, safety, and convenience of
the new labour pool; the effect is that the older, long-term residents stayed and became elderly, while
the younger labour force, with their manufacturing skills, moved away. The vacancies, especially in
this district, are a combination of local industry decline and a lock-in effect that accelerates both the
rise in vacancies and the outflow of young people. Hence, most vacant houses can be considered as
dead stock because new families will not purchase these houses as they do not meet their norms. A
risk is that these houses will become slum areas for the elderly who stayed behind, or those who do
not have the income to migrate or replace the house with a new one. From a social circular economy
perspective, deconstruction and urban mining of the secondary resources would be the best option.
Ideally, the profit from these operations would be invested into schemes to provide better housing
conditions for the long-term residents.
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Figure 4. Demographic patterns for three selected districts for 1989-2019. The statistics were recorded on
September 30, except for 2019, when they were recorded on March 31. (a) Kokurakita, (b) Yahatahigashi,
(c) Yahatanishi. Data source: [52].
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Both the centrally located Kokurakita and the peri-urban Yahatanishi seem to have more
hibernating stock than dead stock based on our observations of the housing and demographic
patterns. The Kokurita district can be considered to be a city centre as it is where the high-speed
train stops, and it has old neighbourhoods with narrow streets that do not allow for a high amount of
redevelopment to accommodate new standards and codes of convenience (for example, lack of space
for creating more parking spaces for cars). In this area, NGOs and small enterprises that are reclaiming
and repurposing vacant houses into galleries, offices, and so on, like the Kitakyushu Renovation School,
are active. These activities also attract tech-savvy and creative people, who are hailed in Industry
4.0 visions. This small movement of young people recognizes the historical value of these buildings.
Figure 4a shows a decline in younger age groups, which stabilized at the beginning of this century, with
the sharpest decline noted for the number of children and the greatest rise seen in the 65-69 age group,
which is a nationwide trend in the shrinking Japanese society. Although the current housing does not
comply with the norms, this inflow of people has the resources (e.g., skills and income) to overcome
the constraints and apply housing adjustments. Therefore, the large number of vacant houses could be
considered as hibernating. Social circular economy strategies from the local government could include
the availability of housing adjustment grants and fiscal instruments that encourage renovation.

Yahatanishi district has less obsolete stock. This district in the south is a cleaned-up suburban
area that is still a commutable distance from the city centre and provides easy access to highways
and railroads. This district is less hilly and, by accommodating the new standards of safety, comfort,
cleanliness, and convenience, experiences a fast urban renewal process. Although all three districts
have been characterised by an outflow of young people in the last few decades, Yahatanishi seems to
keep part of its productive and reproductive labour; however, the number of people of reproductive
age is decreasing. Figure 4c shows a slightly more stable situation for this 30-year time span, which
could relate to the revitalisation efforts by the local government in this neighbourhood. From a circular
economy perspective, strategies for this district should focus upon encouraging longer use of the same
house by implementing higher constraints for demolition and for migration. The vacant housing can
be considered hibernating stock that can be ‘awakened’ by similar strategies.

4. Discussion

A look at the contemporary scientific literature shows that vacant houses and their impacts
on cities have only recently been studied in Japan. Compared to other urban locations, not much
research has been conducted in Japan, and those studies that exist mostly focus on the housing market
and urban housing policies [4], related to the urban governance challenges of why the strategies of
local governments failed when dealing with vacant housing [10], and on the role of public-private
partnerships and civic engagement in revitalising these hibernating material stocks [56]; the studies
did not view these subjects from a sustainable materials management perspective. Therefore, although
these studies helped us to understand the reasons for housing vacancies in Japan and within cities, they
cannot contribute to discussion of political ecology. Regarding the industrial ecology component, and
especially the novelty of estimating the amount of obsolete stock, comparison is again difficult. Several
scholars developed and applied estimation models of vacancy in Japan, but only at the prefecture and
national level [57-59].

Applying the updated model by Wuyts et al. (2019) to a real-world case in Japan has illustrated
that, whilst knowledge about causes and consequences as well as policy responses towards shrinkage
is fairly developed [4], there is a lack of integration of knowledge from different disciplines related to
vacant houses, governance, and the circular urban built environment. Based on their research on the
circular built environment, Pomponi and Mancaster (2017) called for a multidimensional approach [7].
Marin and De Meulder (2018) also noted how the multidimensional design of a circular city requires
inputs ranging from industrial ecology’s quantitative tools to political ecology’s criticality to support
place-specific circular economy transition [12]. This manuscript presents a practical case that answers
this need, showing the insights that industrial ecology can offer. However, the industrial ecology
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component of this study lacks a temporal perspective because the primary data collection was only
conducted in 2019. However, the political ecology component compensates for this shortcoming by
adding a critical examination of the historical trajectories of Kitakyushu’s people, economic structure,
and its impact on housing for several districts. This insight helped us to understand in which districts
obsolete stock should be considered as dead or hibernating, and to identify a place-specific circular
economy strategy for that district.

Notwithstanding, in the process of preparing this study, uncertainties and ideas for policy makers
and future research have been unearthed. Section 4.1 discusses the uncertainties of the findings in
the industrial ecology component for the case of Kitakyushu. The political ecology component of
this research will be discussed in the subsequent subsections. Adhering to the current norms and
standards for housing, Section 4.2 explains which neighbourhoods are more favourable and have more
successful rehabilitation, and which districts are more fit for urban mining. This subsection adds a
critical discussion on the history of the obsolescence of labour skills in Kitakyushu (and the unintended
obsolescence of housing) and addresses the need for the integration of the social economy;, i.e., an
economy that prioritizes the needs of all citizens over a return on investment.

4.1. Uncertainties in the Spatial Patterns of Obsolete Stock

Construction material stock studies have started to take uncertainty into consideration [60,61].
For example, Tanikawa et al. (2015), in their bottom-up analysis of stock, looked into the reliability of
the inventory data, the reliability of the material intensity factors, and the uncertainty in matching an
inventory item to its correct material intensity by comparing the figures of several studies for several
end-use categories [38]. This section zooms in on a new source of uncertainty: primary data collection
to estimate the spatial patterns of vacancies. Section 2 explained that the primary data collection of the
local government has a different agenda than the primary data collection by this team. This agenda can
influence the subjectivity of the assessment. In addition, the assessments behind both data collections
involve quality norms, hence the assessment is subjective and automatically implies errors in data.

When we compare the results of this estimation study with the figures of vacant houses counted
by the local survey per district (Table 4), the divergence is relatively high, especially for Kokurakita and
Yahatanishi, which are flatter areas. The first district is close to the main train station, which makes this
area prone to redevelopment, according to the location optimization plan of the city [51]. The second,
which has a lower percentage of obsolete housing stock, is a suburb with a higher inflow of youth
and could reflect the fact that this area has neighbourhood and quality norms that are not outdated
according to younger families. As our factory analysis integrated neighbourhood and quality normes,
this could explain the high divergence. When we compare only the risky vacant houses (as this study
only counted houses that are also in a certain state of deterioration), we see a strong divergence for
Yahatahigashi, which is the district linked to the steel factory, as well, surprisingly, Kokurakita.

For a district like Yahatanishi that scores low in both comparisons, finding the relevant omitted
factors would improve the estimation of vacancy level. However, these omitted variables might not be
the explanatory factors for other districts. Hence, we need to zoom in to the district level and study in
more detail the dynamics and patterns of people, jobs, wealth, and the built environment (Section 4.2).
In addition, future research can focus more locally and select neighbourhoods, examining the housing
conditions (including physical geography features), and constraints for users (including wealth and
income), and do a marketing study on the housing needs of users and the impact of these needs on
the housing consumption and the quality and degree of efficient use. However, such a study would
require sensitive and/or nonexistent data on the users.

Another explanation can be found in the differences between assignment criteria used in the
different primary data collection. In policy documents, the local government ranks vacant houses
on how well they are managed and their cleanliness, age, and location factors, such as road width,
house maintenance, the proximity of public transportation, and other provisioning systems. These
indicators reflect the new cultural standards and norms of “comfort, cleanliness, convenience” [29], and
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“safety” that have dramatically changed and are ingrained in Japanese institutions and mindset since
the Second World War. However, the classification they used in their quantitative data implies that
their motivation was to reduce danger and hygiene risks. The agenda of our primary data collection
was to look for opportunities for circular economy strategies, not for reducing risks. Notwithstanding,
a multidimensional approach is required in the transition toward a circular built environment [7].
Therefore, both data sources can be mobilised to understand the spatial patterns of obsolete stock and
to design place-specific circularity strategies. Political ecology and political economy’s criticality add
the focus on social equity, which is often forgotten or marginalised in circular economy theory and
practice [62].

4.2. Relationships between Jobs, People, and Local House Consumption

Political economy theorises the cycle of periods of new growth and stagnation in economies
through, for example, Kondratieff waves [63], where a new growth phase implies a change in the
sectoral and spatial structures of the economy. On a national scale, Kitakyushu is in stagnation;
however, looking at the district scale, there is a spatial difference within the city. The districts that
accommodate Industry 4.0. and the needs and norms of the labour force for housing face less severe
stagnation than the districts that are more locked into Industry 2.0 (Figure 5). Although Industry 4.0
makes promises to reduce materials waste, there is criticism that these new industry structures require
more energy-intensive digital infrastructure and people skilled in creativity, and less of a labour force
with “different skills” on site as in previous industrial systems and structures [55,64]. Coupled with the
increase in vacant housing, the working structures that Industry 4.0 requires might attract a generation
of young tech-savvy creative people who are not afraid to challenge the status quo of technology, but
who are also part of the urban fabric and the disposable housing culture. To address this, since 2011, a
renovation school has been held twice a year for students to learn do-it-yourself (DIY) construction and
the business models to design a successful renovation project with limited start-up capital, resulting in
new stores, cafes, share offices, guest houses, and other projects in Kitakyushu and beyond [28]. Media
and local governments hail them, perhaps because these small enterprises are founded by the kind
of citizens that a “Future City” like Kitakyushu needs [65], citizens who will fuel (and capitalise on)
new technologies and ideas for businesses. Most of these small enterprises do not need big spaces and
require only a small supply of a specialised skilled labour force. The housing obsolescence reflects a
shift in sectoral economic structures (from Industry 2.0 to Industry 4.0) and spatial structures, and
its unintended consequences, such as the displacement of long-term residents and abandonment of
their houses, and an inflow of high-income people with different needs represented in their choice
of housing.

In addition, many young people who do not challenge the status quo leave the city to obtain
education and seek more thriving business opportunities, with the hope of climbing in social status.
They often do not return to Kitakyushu. This idea of social mobility has been ingrained in the Japanese
mentality since World War II, when the corporate sector became the heart of society, and does not
accommodate a lot of flexibility regarding career changes or choice of location of housing. Japan,
including Kitakyushu, is locked into a set of sociocultural and socioeconomic patterns, fostered by
historical processes driven by the rise of more capitalist market—growth-oriented values, perhaps at
the expense of the citizens and their connection with their land and their homes. However, Industry
4.0 might attract a new generation of young Japanese workers who can cope with the changes, like the
massive rise in vacant housing, and help the elderly who are left behind.
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Figure 5. The relationship between unemployment (labour force) and the demand for housing for
Kitakyushu over the last 120 years and the unintended effects on the built material stock.

Furthermore, in the research on circular economy, not much attention has been given to the human
dimension or human resources (HR) essential for this transition [44]. There has also been a lack of focus
on integrating a social justice perspective [62]; structural barriers (such as the working culture with
its norms) hinder people from educating themselves and preparing to move from one labour pool to
another. This would explain some unintended consequences of the displacement of long-term residents
in places like Kitakyushu; they might, even more than usual, have the “right skills and HR” necessary
for maintaining and restoring abandoned houses in the first place. In other words, for a circular
approach, a city would need a stop the outflow of the labour force with the necessary skills for urban
mining as well as attract an inflow of young workers who are open to such innovative transformations.

In addition, time is a central factor in the transition from linear to circular housing models. Even
though time is a resource, it is also a condition for social reproduction, like using, maintaining, and
renovating houses, or learning skills. In other words, people participating in such a transition need
time to either teach or learn the requisite skills and knowledge. Decisions regarding home building are
often seen as a masculine task [39]. This implies that in Japan, a country with distinct gender roles, men,
in particular, need time to acquire these skills or search for the right labour, which calls for a gender
dimension to material stock studies [66]. In the current capitalist model driving housing and other
provisioning systems in modern, fast-paced society, time is perceived as a scarce commodity. This
idea of time as a cost is reflected in the choice of action plans on abandoned housing of Kitakyushu's
government based on convenience; it describes “arrangements, devices or services that helped save or
shift time” [29]. Convenience is a herald of the fast-paced urban society. Although some people might
see the newest norms and standards of convenience as criteria or indicators of wellbeing, they are not
positive for everyone. A revisiting of the norms and standards of convenience and other domains is
one of the prerequisites of the transition toward a circular built environment and the prevention of
obsolete stock accumulation.

In addition, it is no surprise that Yahatahigashi has more dead than hibernating stock when
compared with the two other districts, because this neighbourhood is locked in its industrial past
and cannot accommodate the newest norms and codes (Figure 5). Based on these findings, the local
government should especially design urban mining strategies, like opening a market for secondhand
building materials, performing a deeper house-by-house assessment, and making a cost-benefit
analysis, so that this district can encourage the local industry to not demolish these houses, but to
instead deconstruct them and add value to the local economy by selling the building materials or
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components to growing markets in Japan and abroad—one recent study suggested sending Singapore’s
building components to Indonesia’s growing market [17]. The local government can support the
residents of Kokurakita with measures to stimulate renovating and “awakening” hibernating stocks,
maybe with funds for preserving historical value. Yawatanishi’s neighbourhood seems to be the
result of interplay between the “favourable conditions” for the newest norms and the standards of
the market. Its built environment seems to be altered more by market forces and national neoliberal
housing policies [4] than by policy measures. If local governments do not have more power to
interfere with these market forces and national housing policies, they might not have many options for
this neighbourhood.

5. Conclusions

This article applied a heuristic model to the case of vacant housing in Kitakyushu and integrated
tools and theories from political-industrial ecology with a spatial and temporal perspective to help
policy-makers manage and understand vacant housing in support of a material stock-type society
and a circular economy. This model classifies vacant houses into dead and hibernating stock. Dead
stock is stock that likely cannot be sold for the service for which it was intended and cannot be kept
due to (high) social costs, while hibernating stock still has the potential to serve society again via the
purpose for which it was intended. We combined industrial ecology’s quantitative tools from material
stock and flow studies with a critical assessment of the socioeconomic environment in which these
processes take place. Such a theory of political-industrial ecology allows for a holistic approach aiming
at resource efficiency, integrating material, social, economic, and environmental dimensions.

The case of Kitakyushu demonstrates, in particular, the relationship between the historical
trajectory of housing norms and standards, like comfort, cleanliness, safety, and convenience, and the
dynamics among the built material stock, jobs, income, and demographic factors for the three selected
districts: Kokurakita, Yahatanishi, and Yahatahigashi. The more locked-in a district’s “obsolete norms
and codes” are, the more likely it is that the obsolete stock is dead, as in the case of Yahatahigashi district.
Consequently, urban mining should be considered the preferred strategy. This study contributes to the
body of research on obsolescence and durability; historical studies reveal patterns and insights that can
help policymakers to prevent the accumulation of more obsolete stock in their areas, and, in the case of
developing countries, avoid the trajectory that the city of Kitakyushu and other similar cases took.

The next steps for researchers to expand this model are to calculate the material stock embodied
in the houses we classified as dead stock, as they seem to be more suitable for urban mining. However,
even if it is possible to estimate how much wood, reinforced concrete, and steel is available, it is
not possible to know their quality. Second, not all in-use housing is employed full-time, such as
second homes or houses that are temporarily vacant for manifold reasons such as being on sale or
having unclear ownership. Hence, it is vital to integrate the idea of full- or part-time use into material
stock studies.

Third, the quantitative assessment is static because we only used data on vacancy for one period.
To move toward a dynamic model and test the sensitivity of input factors in the future, surveys have to
be conducted over several years, which will make the model more complex, because the distribution
of vacancy gets reshuffled over time (cf. urban life-cycle theories, e.g., [67]).

In addition, this research showed how the “urban measles” is a symptom of a complex array of
interrelated variables and factors, like regulatory and environmental requirements, the dynamics of
the urban housing market, and resident preferences that are rooted in the capitalist logic of property
ownership and capital accumulation. Circular business models prioritise use over ownership, but for
Japan, this shift would require a change in its strict ownership protections. Future research should
include experts on law and urbanism to find solutions to facilitate the activation of existing housing
stock in central but less attractive areas of the city. Second, this study sheds light on the impact of a shift
from industrial structures on the housing metabolism of a city. In this regard, an important finding is
that more insights are needed about the human dimension of the circular economy. Laws, research,
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and education have an influence on culturally accepted standards and citizen expectations regarding
the quality of houses, which then dictate the quantity and quality of material flows and stocks within a
city. Therefore, it can be concluded that there need to be more studies to better understand the impact
of continually changing norms and standards regarding comfort, cleanliness, convenience, and security
on consumption patterns of housing.
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