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Infrastructure Development for Promoting International S&T Cooperation
Japan—US Joint Research Program
Executive Summary of Final Report

1. Project title : [Sequential decision analytics and its application to flood risk reduction
and evacuation advisory optimization |
2. Research period : February 2022 ~ March 2023
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Erick Mas Associate Tohoku University - | Project
Professor IRIDeS management.
Models
development
Co-PI Bruno Adriano | Associate | Tohoku University - | Machine
Professor | IRIDeS Learning
algorithm for
Flood Hazard
Database
Collaborator | Masakazu Assistant Tohoku University - | Hydraulic
Hashimoto Professor | IRIDeS Simulations for
Flood Hazard
Database
Collaborator | Luis Moya Visiting Tohoku University - | Reinforcement
Researcher | IRIDeS Learning in
Evacuation
Collaborator | Tatsuhito Kono | Professor Graduate School of | Evacuation
Information behavior and
Science opti'mlization
advising
Collaborator | Shunichi Professor | Tohoku University - | Project advisor
Koshimura IRIDeS and Data

provider liaison

Total number of participants throughout the research period: 6

Partner-side
Name Title Affiliation Role in the
research
project
Pl Zhijie Dong Associate | University of US team leader.
Professor | Houston Stochastic
Programming
Model
development
expert
Co-PI Rui Dai Researcher | Norfolk Southern Stochastic
Programming
model developer
Collaborator | Jinli Liu PhD Texas State Data curator
Candidate | University

Total number of participants throughout the research period: 3
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4. Summary of the joint project

Within this project we have developed mobile spatial statistical data visualization tools,
two prototypes of real-time flood simulation for the target area; first, using the rainfall data
and coarse flood simulations; second, using pre-trained machine learning models to augment
the resolution of flood estimations. The data and methods were applied on developing
dynamic population exposure mapping and dynamic flood risk mapping products. Finally, an
agent-based evacuation model with reinforcement learning was developed to assess the
optimal flood evacuation advisory time. We have shared our project and its outcomes in six
international conferences and two open seminars, one in US at Texas State Univ. and the
other in Japan within the World Bosai Forum on March 2023.

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

First, we constructed our data warehouse within a GIS server gathering mobile spatial
statistical (MSS) data; rainfall data and outputs of low resolution (90 m) and high resolution
(45m, 10m) flood simulations. With MSS and flood estimations, population exposure mapping
and dynamic flood risk mapping products were developed.

In the last stage of the project, we developed an agent-based evacuation model that
incorporates reinforcement learning (RL). We collaborated with the US group while
developing the RL model to integrate the stochastic programming (SP) approach. We finally
applied sequential decision analytics (SDA) to lay out how RL and SP can work together on
the optimization of evacuation advisory timing, developing a practical application of the
unified framework of SDA.

5-2 Synergistic effects of the joint research

The joint research has strengthened the collaboration within Japan and US scholars from
different fields. The Japan team mainly from the engineering and disaster management
background was complemented by the US team of operational research, urban,
transportation, informatics and logistics expertise. A synergistic approach that combines
physical and engineering models together with optimization and decision modeling in
emergency situations enriched the research process at every step of the project.

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

We leverage the advantages of Mobile Spatial Statistical data in the development of a
real-time population exposure mapping system. In addition, combining flood simulations and
high resolution flood estimation using machine learning we provide a real-time flood risk
mapping system. Finally, we explored the use of sequential decision analytics framework to
combine a reinforcement learning-based evacuation with the stochastic programming
optimization of evacuation advisory.
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