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This supporting information provides detailed explanation of the method calculating material stock and flow using nation-wide GIS dataset and spatially analyzing it.
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1.  Thematic Map of Kitakyushu City, Japan, Showing Key Urban Center and Sloped Area
The study area (Figure S1), Kitakyushu City, is a government-designated city located at the northernmost tip of Kyushu Region, Japan. Historically, it developed as a typical industrial city centered on heavy industry, and to this day, various industrial zones based on manufacturing remain distributed throughout the city.
The city is served by multiple railway lines, with Kokura Station functioning as the primary hub for both transportation and commercial activity. The area surrounding Kokura Station hosts a concentration of administrative offices, medical institutions, and large commercial facilities, indicating a high degree of urban functionality. In contrast, peripheral areas of the city face challenge such as the emergence of vacant houses due to an aging population and unfavorable geographic conditions, including steep terrain.  Against this backdrop, Kitakyushu City is required to shift toward a more compact urban structure in response to rapid population decline and demographic aging, to ensure the sustainable delivery of public services.
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Figure S1: Thematic Map of Kitakyushu City, Japan, Showing Key Urban Center and Sloped Area

2. Input Data for Demolition Probability Model
Table S2 provides a summary of the input data used for the development of the building-level demolition probability model. The dataset includes attributes for each building—such as structure type (e.g., wooden, steel-reinforced concrete), building usage (e.g., residential, commercial), year of construction, and location. Additionally, each building record includes a binary indicator reflecting whether the building was demolished during observation, determined through a comparison of building status between 2010 and 2018.

Table S2: Input Data for Demolition Probability Model
	Attribute
	Type / Format
	Description
	Data Source

	demolished
	Binary
	Demolition status (target variable)
 (0 = Surviving, 1 = Demolished)
	Kitakyushu city GIS data

	building age
	Numeric
	Number of years since construction
	Kitakyushu city GIS data

	building area
	Numeric
	Total floor area of the building (in m²)
	Kitakyushu city GIS data

	structure
	Categorical
	Structural type of the building
(e.g., Wood, RC, Steel)
	Kitakyushu city GIS data

	building use type
	Categorical
	Primary use of the building
(e.g., Residential, Commercial, Industrial)
	Kitakyushu city GIS data

	urban area
	Categorical
	Zoning classification (e.g., Urbanization Promotion Area, Control Area)
	Kitakyushu city GIS data

	Mean slope angle
	Numeric
	Average slope angle (degrees) of the parcel or surrounding area
	National Land Information Division, 2011

	Residential Induction Zone Flag
	Binary
	Indicates whether located in a residential induction promotion zone(0 = No, 1 = Yes)
	Kitakyushu city GIS data

	population aging rate
	Numeric
	Percentage of elderly population in the relevant spatial unit
	2020 Population Census of Japan

	Working-age population
	Numeric
	Number of people aged 15–64 in the relevant spatial unit
	2020 Population Census of Japan


3. Material Intensity
The material intensity values were calculated using unpublished microdata from the FY2018 Survey on the Actual Conditions of Construction Materials and Labor, provided by the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) through a special data-sharing agreement for academic use. These values were obtained by dividing the amount of each construction material by the associated building floor area. Table S3 summarizes the material intensity values used in this study. 

	Table S3: Material Intensity
　
	　
	　
	　
	　
	　
	Unit:kg/m2

	　
	Cement
	Aggregate
	Wood
	Steel
	bitumen
	sum

	W
	78
	640
	96
	13
	1
	827

	RC
	305
	1,885
	17
	146
	2
	2,354

	S
	161
	1,182
	7
	160
	4
	1,513

	CB(Others)
	174
	1,190
	2
	98
	2
	1,466


4. Estimated Building Demolition Rate by 2040 in the Edamitsu Station Area

Figure S5 focuses on the area around Edamitsu Station, which is characterized by steep topography and a highly aged population. In the Edamitsu Station area, buildings with demolition probabilities above 80% are more widely distributed. This widespread pattern, along with the prevalence of older building stock, implies that urban redevelopment and replacement have been less active compared to the Kokura Station area. This shows a contrasting trend to the results for the area around Kokura Station within the main article.
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Based on the Orthoimagery from GSI Maps, provided by the Geospatial Information Authority of Japan (GSI).                

Figure S4: Estimated Building Demolition Rate by 2040 in the Edamitsu Station Area
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