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Disaster Risk, Reduction and Resilience (DR3)

Executive Summary of Final Report

1. Project title : [Data-driven Disaster Response Systems Dependent on Time of Day,
Season and Location for Megacities |
2. Research period : April 2020 ~ March 2023
3. Main participants :

Japan-side
Name Title Affiliation Role in the research
project
PI Naohiko Professor Keio University | PI, Overall supervision
Kohtake
Co-PI Takaaki Kato | Professor The University Adaptability study of
of Tokyo data-driven disaster
response system for
actual operation in
different countries
Co-PI Kota Senior LY Research Collection, analysis,
Tsubouchi Chief and simulation of data
Researcher on human behavior
according to time,
season, location, and
differences
Collaborator | Akira Kodaka | Project Keio University | Identification of
Associate requirements for
Professor data-driven disaster
response systems
Collaborator | Akihiko Project Keio University | Data analysis and
Nishino Assistant utilization for urban
Professor dynamics analysis
Collaborator | Takashi Researcher | Keio University | Data analysis for urban
Kanno dynamics analysis

Total number of participants throughout the research period:

Number 12

Partner-side

Name Title Affiliation Role in the research
project
Pl Upmanu Lall | Professor/ | Columbia Co-PI, U.S. Team
Director University Supervisor of Research
Activities
Co-PI Liao Professor | National Taipei Co-PI, Taiwan Team
Kuei-Hsien University Research Activity
Supervisor
Co-PI Chiang Deputy Academia Disaster vulnerability
Yen-Sheng Director Sinica analysis of social
groups
Collaborator | Allaire Maura | Associate | University of Data-driven disaster
Professor | California Irvine | response issue analysis
Collaborator | Mengling Research | Columbia Data analysis and
Qiao assistant University utilization for urban
dynamics analysis
Collaborator | Tsung Ho Research | National Taipei Analysis of disaster
Sun assistant University response issues based
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| | | [ on urban dynamics

Total number of participants throughout the research period:  Number 9

4. Summary of the international joint research

This research project collects and analyzes urban dynamic data focusing on human
behavior in response to changes and differences in time, season, and location for major
station areas (Tokyo Station, New York Pennsylvania Station, and Taipei Central Station) in
Japan, the U.S., and Taiwan, and identify their characteristics and issues. The team then
identifies stakeholders' needs for a data-driven disaster response system, identify
necessary functions, and verify its effectiveness. The team conducts human mobility and
query analysis with the location information of people staying in the target area. For the
design, evaluation, and applicability study of the data-driven disaster response system, the
team confirms the effectiveness of the dynamic analysis based on mobility data. Besides,
the team collaborates by analyzing the disaster response needs and social vulnerability of
local users through social surveys. Through this international joint research, researchers
with diverse expertise collaborate on several major stations in major cities, which is
expected to bring together knowledge across disciplines and enable dynamic disaster
response in a data-driven society.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

The team jointly developed the urban dynamic analysis method. The method utilizes
various data on the movement of the population staying in cities, including location data of
cell phone users; facility use data recording the number of visitors to specific locations; and
data on the use of public transportation and mobility services. Besides, natural language
processing technology and sentiment analysis methods were constructed to analyze text
data such as search queries and microblogs. In addition, the team identified social groups
that are highly vulnerable to disasters, such as those with different mother tongues, cultures,
and mobility impairments, as well as the disaster response needs of these groups. Through
collaborations with stakeholders in disaster response, the team identified functions that a
data-driven disaster response system should have and the feasibility of its implementation.

5-2 Synergistic effects of the joint research

The characteristics and data acquisition possibilities of data used for urban dynamic
analysis vary by country and region. To overcomes the issue the team applied the concept
of a movement series tree, which expresses the places where people stay in a day by
continuously connecting them to demonstrate the possibility of applying the urban dynamic
analysis conducted in this study. Furthermore, by utilizing global open data on public
transportation, the differences in disaster characteristics, data acquisition, and utilization
environments expected in each reason and country were structurally analyzed in a common
format. The results of these research activities have clarified research issues for the
realization of data-driven disaster response utilizing urban dynamic analysis.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The summaries and results of the usefulness of the urban dynamics analysis method
constructed in this study and the challenges of applying it to data-driven disaster response
have been presented and published in international conferences, and journals. Prospects
include structuring the findings of existing research for practical application of data-driven
disaster response, operationalizing the method for understanding the needs of highly
vulnerable social groups (people in need during disasters), applying the theoretical
framework for system operation in the U.S. and Taiwan, and examining a collaborative
framework for practical application of research results. This research project contributes to
Goals 11, 13, and 17 of the Sustainable Development Goals (SDGS).
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1. Haraguchi M, Nishino A, Kodaka A, et al. Human mobility data and analysis for urban
resilience: A systematic review. Environment and Planning B: Urban Analytics and City
Science. (2022) 49(5):1507-1535.

2. Haraguchi, M., Funahashi, T., & Biljecki, F. Assessing governance implications of city
digital twin technology: A maturity model approach. Technological Forecasting and
Social Change (2024) 204, 1234009.
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1. Nishino, A.; Kodaka, A.; Nakajima, M.; Kohtake, N. A Model for Calculating the Spatial
Coverage of Audible Disaster Warnings Using GTFS Realtime Data. Sustainability
(2021) 13, 13471 DOI:; 10.3390/su132313471

2. Nishino, A., Kodaka, A., Nakajima, M., & Kohtake, N. Calculating the Coverage Rate of
a Transportation-Based Flood Warning Dissemination System in Brisbane. Journal of
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1. Naohiko Kohtake, et al, "Data-driven Disaster Response Systems Dependent on Time
of Day, Season and Location for Megacities", Belmont Forum DR3 Kick-off
Engagement, Online, June 24th.

2. Masahiko Haraguchi, Akira Kodaka, Liao Kuei-Hsien, Akihiko Nishino, Ayaka
Yamagishi, Tsung-Ho Sun, Kota Tsubouchi, Chiang Yen-Sheng, Upmanu Lall, Naohiko
Kohtake, "Pursuing Data-Driven Urban Adaptability, The Current Status and Data Gaps
of Tokyo, Taipei, and New York", Workshop on contributions of smart city projects to
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climate resilience, online, December 16-18 2020

3. Naohiko Kohtake, et al, "Data-driven Disaster Response Systems Dependent on Time
of Day, Season and Location for Megacities", Workshop for Belmont Forum CRA:
Disaster Risk Reduction and Resilience (DR3), Online, June 14th.

4. Naohiko Kohtake, et al, "Data-driven Disaster Response Systems Dependent on Time
of Day, Season and Location for Megacities", Disaster Risk and Reduction Midterm
Workshop, Online, June 21st.
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1. B. J. Detera, A. Kodaka, N. Kohtake, A. Nishino and K. Onda, "An English-Japanese
Twitter-Based Analysis of Disaster Sentiment during Typhoons and Earthquakes," 2021
IEEE International Symposium on Systems Engineering (ISSE), Vienna, Austria, 2021,
pp. 1-8, doi: 10.1109/ISSE51541.2021.9582473.

2. Detera, B.J.M., Kanno, T., Onda, K., Tsubouchi, K., Kodaka, A., Nishino, A. and
Kohtake, N., 2023, April. Spatio-temporal analysis of mobile phone and social media
data across multiple disaster scenarios: an input to population exposure assessment.
In Proceedings of the 2023 6th International Conference on Geoinformatics and Data
Analysis (2023) pp. 1-8.
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