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Extended Data Fig. 7| Analysis of rooftop area distribution. a, Overview

of global rooftop area distribution (132,799,422 grid samples). b-u. Provides
detailed breakdown of the rooftop area distributionsin specific regions. b,
Australiaand New Zealand (7,931,395 grid samples). ¢, Pacific Islands (535,745
grid samples).d, Caribbean (224,661 grid samples). e, Northern America
(20,876,408 grid samples). f, Central America (2,447,734 grid samples). g, South
America (17,573,960 grid samples). h, Eastern Asia (11,563,371 grid samples). i,
South-Eastern Asia (4,384,788 grid samples).j, Southern Asia (6,573,259 grid

samples). k, Western Asia (4,492,910 grid samples). I, Central Asia (3,914,862

grid samples). m, Northern Africa (7,604,272 grid samples). n, Eastern Africa
(6,838,522 grid samples). 0, Southern Africa (2,662,056 grid samples). p, Western
Africa (6,030,223 grid samples). q, Middle Africa (6,528,310 grid samples).r,
Northern Europe (1,753,492 grid samples). s, Eastern Europe (18,462,618 grid
samples). t, Southern Europe (1,305,571 grid samples). u, Western Europe
(1,095,265 grid samples).
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Extended Data Fig. 8| Quantitative comparison of global rooftop area
estimates with reference datasets. a, Grid-level comparison with Google
Building Footprints (GBF), based on 17,497,097 overlapping grid cells. b, Grid-
level comparison with Microsoft Building Footprints (MBF), based on 20,303,584
overlapping grid cells. ¢, Grid-level comparison with Global Human Settlement
Layer (GHSL), based on 132,799,408 overlapping grid cells. d, Grid-level
comparison with World Settlement Footprint 3D (WSF3D), based on 24,834,895
overlapping grid cells. Due to the limited coverage and potential spatial
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completeness issues in the GBF and MBF datasets, we restricted our comparison
to grids that contain building areas in both datasets. For comparisons with GHSL
and WSF3D, we used global overlapping grids. The plots show the correlation
between our estimated rooftop areas and the corresponding areas from the
reference datasets at the grid level. Dashed lines represent the 1:1 relationship.

e, Grid-level correlation matrix between the different reference datasets and our
estimates, highlighting the strong correlations between our global rooftop area
estimates and these reference datasets.
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Extended Data Fig. 9| Resource endowment for RPV development. a. potential installed capacity, b. surface solar radiation, and c. grid emission intensity.
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Extended Data Fig. 10 | Global distribution of RTCRE. a. RTCRE, b. intermodal spread.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name, describe more complex techniques in the Methods section.

A description of all covariates tested
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A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  All spatial datasets used in this study were collected from relevant portals, as shown in data availability and supplementary materials or spatial
datasets used in this study were collected from relevant portals, as shown in data availability and supplementary materials.

Data analysis All processing scripts were developed by ourselves on Python (3.8) and ArcGIS (10.6) were used to process and analyze spatial datasets. The
deep learning code was developed using MMSegmentation (0.28).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The estimation results of global rooftop area in our study are available from the corresponding author on reasonable request. Source data are provided in Methods
and Supplementary Materials.




Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender Not relevant to our study. Our study do not involve human research participants and Sex and Gender in Research.

Population characteristics
Recruitment

Ethics oversight

Not relevant to our study. Our study do not involve human research participants and Sex and Gender in Research.
Not relevant to our study. Our study do not involve human research participants and Sex and Gender in Research.

Not relevant to our study. Our study do not involve human research participants and Sex and Gender in Research.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Please select the one below
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Behavioural & social sciences study design

All studies must disclose on

Study description

Research sample

Sampling strategy

Data collection

Timing

Data exclusions

Non-participation

Randomization

these points even when the disclosure is negative.

This study quantified 286,393 km? of rooftops worldwide through spatial data mining and artificial intelligence. Using the estimated
rooftop area and nine advanced Earth System Models from CMIP6, this study revealed that rooftop photovoltaics could substantially
contribute to reducing global temperatures by 0.05 - 0.13°C by 2050.

This study trained a deep learning model using labelled satellite images, covering 1,600 km? from various locations worldwide,
including 835,253 labelled buildings. This study initially trained it with publicly available benchmark datasets (covering approximately
2,500 km?) from different satellite sources. 1,724 cities covering 20 million km? were selected to examine rooftop area and used
estimated rooftop area and diverse spatial datasets (including built-up proportion, nighttime light intensity, road length, population,
tree-cover proportion, terrain elevation, terrain slope, and geographical grid coordinates) to develop regression models and estimate
global rooftop area.

This study used a optimized spatial sampling to select cities based on their natural and social characteristics, as well as the spatial
locations of cities. The objectives were optimized by simulated annealing algorithm. This method has been developed by existing
studies.

This study used publicly available satellite imagery datasets targeting building identification to pre-train a deep learning model. These
benchmark datasets were generated from distinct institutions between 2013 and 2020, including images from North America,
Europe, and East Asia and covering an area of nearly 2,500 km2. They also vary in spatial resolution, ranging from very fine (0.1 m per
pixel) to less detailed (3 m per pixel). This diversity helps our model adapt to different types of images and learn to recognize
patterns more effectively. For fine-tuning our deep learning model and identifying building rooftops in global selected regions, this
study used high-quality images from 2020 taken by Google Earth. Other geospatial data like road networks, land use and land cover,
population statistics, nighttime light imagery, digital elevation models, and annual temperature and precipitation were all from 2020.
We employed these datasets for specific analytical purposes. For example, we used road networks to calculate the length of roads
worldwide and used land use data to determine the extent of built-up, vegetation-covered, and water-cover areas. This study
organized all geospatial data into a spatial grid with a spatial resolution of 1 km. Specific attributes and derived features of these
datasets are provided in the supplementary materials.

The relevant datasets used for global rooftop area estimation are all in 2020. Solar radiation data are averaged from 2010 to 2018.
The grid emissions intensity dataset is obtained in 2021 and it is updated at least once every 2 years.

The discrete spatial grids (each one km?) were used as the basis for this study. In the process of rooftop examination and developing
regression models, this filtered out the grids without missing satellite imagery, resulting in 8.5 million grid samples.

Not relevant to our study.

Not relevant to our study.
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Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
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