Supplementary materials for Building Material Stocks and Embodied Carbon Dataset for Two Urban Agglomerations in China from 2000 to 2020
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Validation of building volume estimation
We employed watershed method to divide the NTL data into several BUA cells, and further classified them into three cell clusters in GBA and YRD respectively, according to their different luminous value. Then, we combined building volume with luminous value to construct building volume estimation model in each urban agglomeration respectively. We selected 7 cities for model establishing and validation, where Shanghai, Suzhou, Wuxi and Nanjing were for YRD, and Guangzhou and Shenzhen were for GBA, for the NTL data from these cities exhibit robust intensity, and the density of BUA cells is notably concentrated, which render them ideal candidates for modeling and verification purposes. Fig.3 illustrated the validation results of GBA and YRD, where the results were highly aligned with the observed data by R2 of 0.71, 0.62 and 0.60 in GBA, and 0.82, 0.74 and 0.70 in YRD. Analysis reveals that the R² values for each cluster within the YRD and GBA are notably higher, suggesting superior modeling efficacy in these two urban agglomerations.

Fig.S1 Parameter validation of building volume estimation model in GBA and YRD.

Application scenarios
To demonstrate the utility of our dataset, we established five scenarios that highlight its potential applications in urban planning and resource management. Scenario 1-3 focuses on the detailed examination of urban forms, layout and development types, utilizing our dataset to assess how different material uses influence urban structural evolution and sustainability. Scenario 4-5 concentrate on resource management strategies for various construction materials, exploring efficient ways to integrate environmental sustainability into urban infrastructure projects.
Scenario 1: Identifying urban forms based on material consumption and management policy 
This scenario explores the spatial differences in material consumption across various urban areas, such as central districts and suburban sub-centers characterized by high population densities (see Fig S2). By examining these variations, we can elucidate the relationships among material consumption, urban development, and economic activities within cities. Such insights assist decision-makers in understanding demographic and resource distributions, thereby informing more strategic urban planning and development.

Fig.S2 Characterizing Urban Forms Utilizing Building MS Data

To further illustrate how policies influence urban forms, we consider the following three policy types as example (Fig S3)：
(1) Economic Integration Policy
This policy fosters the development of commercial and financial hubs in city cores while transforming peripheral zones into industrial and logistics parks. Such strategic zoning contributes to concentrated economic activity and optimized land use.
(2) Population Control Policy
This policy aims to constrain urban sprawl, promoting a more efficient allocation of urban spaces and increasing residential density. It encourages the development of satellite towns and adjacent settlements, effectively dispersing the population load from metropolitan centers.
(3) Regional Coordination Development Strategy
This strategy uses policy incentives to direct resources towards slower-growing cities, promoting balanced regional development. It aims to stimulate rapid development in targeted areas, creating new economic hubs.

Fig.S3 Framework for Regional Coordination Development Strategy

Scenario 2: Recognition of urban layout with MS panel data
This scenario applies local spatial autocorrelation analysis to 20 years of MS data, uncovering the dynamics of MS hotspots within a specified region (see Fig S4). This analysis helps pinpoint crucial zones for resource allocation, population dispersion, and environmental impact within urban regions, deepening our comprehension of the city's overarching layout and offering valuable reference for urban planners to devise urban development strategies.

Fig.S4 Spatial-Temporal Dynamics of Material Stock Hotspots in the GBA (2000-2020) at Five-Year Intervals.

Scenario 3: Matching of material stock evolution
Local spatial autocorrelation, this scenario investigates the heterogeneity in the MS of cities within the GBA over the past two decades, influenced by varying economic development pattern and urban land use planning. By utilizing Min-Max normalization, we delineate distinct trends in MS, ECE, total GDP, and per capita GDP, depicted in Figure S5. Most cities exhibit a synchronous growth pattern between material stock and economic volume, which could be categorized into three developmental stages: 
(1) Mature and Stable Stage (Stage I): Characterized by equilibrium between growth rates of MS and economic output; 
(2) Rapid Development Stage (Stage II): Marked by accelerated growth in both MS and economic metrics;
(3) Slow Development Stage (Stage III): Where the growth of MS and economic indicators decelerates.

[bookmark: _Hlk192591520]Fig.S5 Evolution of Key Economic and Environmental Metrics in GBA Cities (2000-2020).

Scenario 4: Regulatory framework of ECE
The Hong Kong Green Building Council (HKGBC) has delineated various stages of the building lifecycle to assess and regulate ECE, as illustrated in Figures S6 and S7. The first stage begins with the Product Stage, involving the production and manufacturing of materials such as steel, sand, gravel, bricks, and cement. This is followed by the Procure Stage, which encompasses the transportation of materials to construction sites and the actual construction processes. The In-use Stage covers the operational phase of buildings, and the End-of-life Stage includes deconstruction or dismantling of buildings and the management of construction waste. Additionally, the Reuse, Recycling, and Recovery Stage focuses on the sustainable management of waste generated during demolition. Analyzing the carbon footprint across these stages enables the industry to implement sustainable policies to mitigate the environmental impacts of construction.

Fig.S6 Regulatory Framework for Managing Embodied Carbon Emissions (ECE)

Fig.S7 Lifecycle Stages and the Flow of Construction Materials

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Scenario 5: Resource management of urban waste 
[bookmark: OLE_LINK3]Utilizing the MS database detailed in this manuscript, we can conduct predictive analytics for construction waste, formulating strategic management recommendations and intervention strategies (see Fig S8). By assessing building lifespan and age within the region, it becomes feasible to estimate the annual generation rate of construction waste, as detailed in our previous research [2]. Combined with the urban building MS datasets, it becomes possible to ascertain the volume of construction waste across regions. Subsequently, by analyzing the spatial distribution patterns of the construction waste, policymakers can perform cross-regional and spatial analyses, enforce granular management practices, and formulate strategies that promote a circular economy.

Fig.S8 Spatial Distribution of Demolition Waste in GBA and YRD (2000-2020)
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