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Brief Description of Research Outline

Predicting crowd flow under disaster scenarios remains challenging due to the complex coupling
of geographic environments, human mobility, and disaster-induced disruptions. To address this,
the project developed a geographic foundation model-based intelligent prediction framework,
leveraging multi-source spatio-temporal data and digital twin—enabled simulation. We first
constructed MGIM (Masked Geographical Information Model), a self-supervised framework for
parcel-level geo-inference that fuses multi-source spatio-temporal data and supports trajectory
inference, people-flow inference, event identification, and land-parcel function analysis. To
validate the framework on a real megacity, we developed STAF-Net, a deep-learning model that
integrates POI semantics with human-mobility patterns; applied to Tokyo's 23 wards, it classified
the functions of over 93,000 buildings with 90.27% accuracy (Kappa = 0.8858), providing
essential built-environment information for evacuation planning. To make these geospatial assets
accessible to non-expert users, we further built Monkuu, an LLM-powered natural-language
interface for geospatial databases that achieves 56.2% execution accuracy on KaggleDBQA (a
13.8-point improvement over ZeroNL2SQL) and 82.4% recall in geographic disambiguation.
Together, these three components form an end-to-end pipeline in which MGIM provides the
foundation model for people-flow inference, STAF-Net delivers the fine-grained urban context
required for evacuation analysis in Tokyo, and Monkuu enables intuitive querying of disaster-
related geospatial data—jointly supporting disaster crowd-flow prediction and emergency
decision-making.




Concrete outcomes and social impacts of this research

Academic outputs. This project produced three peer-reviewed publications in leading international
journals (two in International Journal of Geographical Information Science, one in Cities),
corresponding to three complementary components of the proposed framework: a self-
supervised geographic foundation model (MGIM), a deep-learning model for fine-grained urban
analysis in Tokyo (STAF-Net), and an LLM-powered natural-language interface for geospatial
databases (Monkuu).

Methodological contributions. MGIM is, to the best of our knowledge, the first masked-modeling
framework that operates at the land-parcel scale and unifies trajectory inference, people-flow
inference, event identification, and land-parcel function analysis under a single self-supervised
paradigm. STAF-Net provides systematic empirical evidence that human-mobility signals
materially improve building-function classification beyond conventional POI- and remote-sensing—
based approaches. Monkuu addresses the long-standing schema-truncation problem in LLM-
driven geospatial querying through a dynamic, context-aware schema-mapping mechanism.
Tokyo case study. Applied to the 23 wards of Tokyo, STAF-Net classified more than 93,000
buildings with 90.27% accuracy (Kappa = 0.8858). The resulting fine-grained, building-level
functional map constitutes a transferable methodological asset for disaster-resilience planning—
particularly for evacuation analysis, where accurate residential/commercial differentiation is
critical for population-exposure estimation.

International collaboration and broader impact. All three publications were produced through joint
Sino—Japanese authorship spanning China University of Geosciences (Wuhan), Hitotsubashi
University, the University of Tokyo, LocationMind Inc., and Tohoku University (IRIDeS),
embodying the cross-institutional collaboration encouraged by the Co-creation framework. The
methodological framework is designed to be transferable to other megacities exposed to
compound hazards (earthquakes, typhoons, urban flooding), thereby contributing a reusable
pipeline for global disaster risk-reduction research.
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Publications

Zhang X, Yao Y*, Yu C, et al. MGIM: a masked modeling framework for land parcel-level Geo-
Inference[J]. International Journal of Geographical Information Science, 2026: 1-27. DOI:
10.1080/13658816.2026.2630403 (peer-reviewed)

Hu Z, Yao Y*, Zhu Q, et al. From human mobility to building functions: A deep learning approach
for urban building classification in Megacity Tokyol[J]. Cities, 2026, 169: 106557. DOI:
10.1016/j.cities.2025.106557 (peer-reviewed)

Yu C, Yao Y*, Zhang X, et al. Monkuu: a LLM-powered natural language interface for geospatial
databases with dynamic schema mapping[J]. International Journal of Geographical Information
Science, 2026, 40(2): 588-609. DOI: 10.1080/13658816.2025.2533322 (peer-reviewed)

Total Publications (3)

Symposium, Seminars and Workshops related to this study.

Event Date 2025/12/23|Host City Wuhan, China
Conference Name |Future-City Spatiotemporal Intelligence Forum
Organizers China University of Geosciences (Wuhan)

A specialized forum on spatiotemporal intelligence co-convened by Prof.
Yao Yao and Prof. Qingfeng Guan, featuring keynote talks from leading
scholars (Peking University, Wuhan University, Central South University,
Overview etc.) on generative geospatial Al, spatiotemporal agents, and urban big-
data modeling. The forum disseminated the project's findings on
geographic foundation models and human-mobility analysis to the broader
Chinese GIS community.

Event Date 2025/11/24[Host City Xiamen, China

China 20th Conference on Theory and Methods of Geographic Information
Conference Name ,

Science
Organizers China Association for Geographic Information Industry; Jimei University

Premier national conference on GIS theory and methodology. The PI
Overview presented project results on parcel-level geographic foundation modeling
and urban-scale crowd analytics.

Event Date 2025/7/28Host City Kunming, China

Conference Name [2025 Annual Conference on Photogrammetry and Remote Sensing

Photogrammetry and Remote Sensing Specialty Committee, Chinese

TP Society of Surveying, Mapping and Geoinformation
Biennial national conference covering remote-sensing data fusion, urban
Overview analysis, and Al applications. The PI presented methodological work on

integrating multi-source spatio-temporal data for fine-grained urban
analysis.

Total events: ( 3)
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Ishibashi, H., Akiyama, M., Frangopol, D.M. and Koshimura, S.: Cost—effectiveness and road
network resilience—-based countermeasure strategy optimisation of bridges subjected to ground
motion and tsunami, Structure and Infrastructure Engineering, 2025. DOI:

10. 1080/15732479. 2025. 2593586 (& #HA V)
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