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Development of risk assesment techniques for natural disasters based on
data-driven simulator
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surrogate model

A methodology for constructing a "data-driven simulator”, which is a
probablisitic model derived from observation data to efficiently generate various synthetic
scenarios, has been developed. In particular, this study focuses on natural phenomena which is
controlled by physical quantities with variable spatial structure. The uncertainties of the spatial
structures of the physical quantities are represented by a statistical model such as the Gaussian
process model to allow us to consider various scenarios due to the variations of the physical
guantities. A synthetic scenario is then generated by sampling from a conditional distribution given

the time history of each phenomenon. The proposed technique was applied to some practical problems:
evolution of typhoon trajectories, seismic activities, and auroral activities.



(echo state
network; ESN)
ESN

ESN



€y

2
(radial basis function network; RBF
) RBF
RBF
RBF
(rotation) O (divergence) O
2
2 2 RBF
@
©)
)
10
®)
®)

ESN



26 21 6 20

Nakano Shin®ya Toh Hiroaki

Short term prediction of geomagnetic secular variation with an echo state network 2023
ESS Open Archive -
DOI
10.22541/essoar .168286606.61789464/v1
Nakano Shin"ya Kataoka Ryuho Nose Masahito Gjerloev Jesper W. -
Probabilistic modelling of substorm occurrences with an echo state network 2023
Annales Geophysicae Discussions -
DOI
10.5194/angeo-2023-9
70
2022
235 250
DOI
Nakano Shin®ya Kataoka Ryuho 40
Echo state network model for analyzing solar-wind effects on the AU and AL indices 2022
Annales Geophysicae 11 22

DOl
10.5194/angeo-40-11-2022




Kataoka Ryuho Nakano Shin"ya

48

Reconstructing Solar Wind Profiles Associated With Extreme Magnetic Storms: A Machine Learning 2021
Approach
Geophysical Research Letters -
DOl
10.1029/2021GL096275
Matsumura T. Kuwayama Y. Ueki K. Kuwatani T. Ando Y. Nagata K. 1Ito S. Nagao H. 126
Bayesian Modeling of the Equation of State for Liquid lron in Earth"s Outer Core 2021
Journal of Geophysical Research: Solid Earth €2021JB023062
DOl
10.1029/2021JB023062
Kaneko Ryosuke Nagao Hiromichi Ito Shin-ichi Obara Kazushige Tsuruoka Hiroshi -
Convolutional Neural Network to Detect Deep Low-Frequency Tremors from Seismic Waveform Images 2021
Proc. PAKDD 2021 Workshops 31 43
DOl
10.1007/978-3-030-75015-2_4
Kataoka Ryuho Nakano Shin’ ya 11
Auroral zone over the last 3000 years 2021
Journal of Space Weather and Space Climate 46 46

DOl
10.1051/swsc/2021030




Nakano Shin®ya 28

Behavior of the iterative ensemble-based variational method in nonlinear problems 2021

Nonlinear Processes in Geophysics 93 109
DOl

10.5194/npg-28-93-2021

Alken P., Thebault E., Beggan C. D. et al. 73

International Geomagnetic Reference Field: the thirteenth generation 2021

Earth, Planets and Space 49
DOl

10.1186/s40623-020-01288-x

Minami Takuto Nakano Shin’ ya Lesur Vincent Takahashi Futoshi Matsushima Masaki Shimizu 72

Hisayoshi Nakashima Ryosuke Taniguchi Hinami Toh Hiroaki

A candidate secular variation model for IGRF-13 based on MHD dynamo simulation and 4DEnVar data 2020

assimilation

Earth, Planets and Space 136
DOl

10.1186/s40623-020-01253-8

Morikawa Kosuke Nagao Hiromichi Ito Shin-ichi Terada Yoshikazu Sakai Shin’ ichi Hirata 226

Naoshi

Forecasting temporal variation of aftershocks immediately after a main shock using Gaussian 2021

process regression

Geophysical Journal International 1018 1035

DOl
10.1093/gji/ggabl24




Anzaki Ryoji Ito Shin-ichi Nagao Hiromichi Mizumaki Masaichiro Okada Masato Akai Ichiro 103

Phase prediction method for pattern formation in time-dependent Ginzburg-Landau dynamics for 2021

kinetic Ising model without a priori assumptions of domain patterns

Physical Review B 94408
DOl

10.1103/PhysRevB.103.094408

Inoue Junya Okada Masato Nagao Hiromichi Yokota Hideo Adachi Yoshitaka 61

Development of Data-Driven System in Materials Integration 2020

MATERIALS TRANSACTIONS 2058 2066
DOl

10.2320/matertrans.MT-MA2020006

S. Nakano, T. Hori, K. Seki, and N. Nishitani 72

A framework for estimating spherical vector fields using localized basis functions and its 2020

application to SuperDARN data processing

Earth, Planets and Space 46
DOl

10.1186/s40623-020-01168-4

S. Ito, H. Nagao, T. Kurokawa, T. Kasuya, and J. Inoue 3

Bayesian inference of grain growth prediction via multi-phase-field models 2019

Physical Review Materials 53404

DOl
10.1103/PhysRevMaterials.3.053404




H. Nagao, T. Nakajima, T. Kunitomo

2nd Edition

Stacking strategy for acquisition of an Accurately Controlled Routinely Operated Signal System 2020

transfer function

Active Geophysical Monitoring 373-388
DOl

10.1016/B978-0-08-102684-7.00017-0

Maru Edward Shibata Taiga Ito Kosuke 9

Statistical Analysis of Tropical Cyclones in the Solomon Islands 2018

Atmosphere 227 227
DOl

10.3390/atmos9060227

Hori T. Nishitani N. Shepherd S. G. Ruohoniemi J. M. Connors M. Teramoto M. Nakano S. 45

Seki K. Takahashi N. Kasahara S. Yokota S. Mitani T. Takashima T. Higashio N. Matsuoka

A. Asamura K. Kazama Y. Wang S.-Y. Tam S. W. Y. Chang T.-F. Wang B.-J. Miyoshi Y.

Shinohara 1.

Substorm-Associated lonospheric Flow Fluctuations During the 27 March 2017 Magnetic Storm: 2018

SuperDARN-Arase Conjunction

Geophysical Research Letters 9441 9449
DOl

10.1029/2018GL079777

Nakakoji T. Hiraga T. Nagao H. Ito S. Kano M. 123

Diffusion Creep and Grain Growth in Forsterite +20 vol% Enstatite Aggregates: 1. High- 2018

Resolution Experiments and Their Data Analyses

Journal of Geophysical Research: Solid Earth 9486 9512

DOl
10.1029/2018JB015818




Kuwatani Tatsu Nagao Hiromichi Ito Shin-ichi Okamoto Atsushi Yoshida Kenta Okudaira 98
Takamoto
Recovering the past history of natural recording media by Bayesian inversion 2018
Physical Review E NA
DOl
10.1103/PhysRevE.98.043311
66
P-cubed Python 2018
339 351
DOl
Seki Kanako, Miyoshi Yoshizumi, Ebihara Yusuke, Katoh Yuto, Amano Takanobu, Saito Shinji, Shoji 70
Masafumi, Nakamizo Aoi, Keika Kunihiro, Hori Tomoaki, Nakano Shin"ya, Watanabe Shigeto, Kamiya
Kei, Takahashi Naoko, Omura Yoshiharu, Nose Masahito, Fok Mei-Ching, Tanaka Takashi, leda
Akimasa, Yoshikawa Akimasa
Theory, modeling, and integrated studies in the Arase (ERG) project 2018
Earth Planets and Space 17
DOl
10.1186/s40623-018-0785-9
2018

2017

DOl




M. Kano, H. Nagao, K. Nagata, S. Ito, S. Sakai, S. Nakagawa, M. Hori, and N. Hirata 122

Seismic wavefield imaging of long-period ground motion in the Tokyo metropolitan area, Japan 2017
Journal of Geophysical Research 5435-5451
DOl

10.1002/2017JB014276

2017

107-120

DOl

126 13 56

Echo state network

2023

2023




Echo state network

2023

H. Toh and S. Nakano

Short-term estimation of the geomagnetic secular variation by machine learning

AGU Fall Meeting 2022

2022

Echo state network

152

2022

Ensemble-based iterative variational data assimilation approach and its extension for count data

2022

2022




Reconstructing solar wind profiles associated with extreme magnetic storms: A machine learning approach

2022
2022
/
2022
4
2022
2020

2022




2022

2021

2022

H. Nagao

Optimization and uncertainty quantification based on the four-dimensional variational method

International Workshop on the Integration of (Simulationt+DatatLearning): Towards Society 5.0 by h3-Open-BDEC

2021




Morikawa, K., H. Nagao, S. Ito, Y. Terada, S. Sakai, and N. Hirata

Forecasting temporal variation of aftershocks immediately after a main shock using Gaussian process regression

Asia Oceania Geosciences Society

2021

Kaneko, R., H. Nagao, S. Ito, K. Obara, and H. Tsuruoka

Convolutional neural network to detect deep low-frequency tremors from seismic waveform images

Asia Oceania Geosciences Society

2021

2021

2021

2021

2021




2021

2021

2021

2021

2021

Echo state network

2021




Ryuho Kataoka and Shin"ya Nakano

A machine learning approach to fill the data gaps of the solar wind profiles causing large magnetic storms

AGU Fall Meeting 2021

2021

Shin®ya Nakano and Ryuho Kataoka

Virtual sounding of solar-wind effects on the AE indices based on an echo state network model

AGU Fall Meeting 2021

2021

A machine learning approach to fill the data gaps of the solar wind profiles causing large magnetic storms

150

2021

Diagnosis of solar-wind effects on the AE indices based on an echo state network model

150

2021




Shin®ya Nakano, Ryuho Kataoka

Modeling of the AL index time series with echo state network

IAGA-1ASPEI Joint Assembly 2021

2021

Ryuho Kataoka, Shin®"ya Nakano

Auroral oval in the last 3000 years and future

2021

2021

S. Nakano

An iterative ensemble-based variational method with ensemble generation in random subspaces

2021

2021

2021




2017

2021

2021

Modeling of EUV light scattered by oxygen ions and comparison with observation

148

2020

SST

2020

2020




H. Nagao

Decomposition of multiple seasonal components in a seasonal adjustment model

Joint Statistical Meetings

2020

T. Minami, S. Nakano, F. Takahashi, M. Matsushima, R. Nakashima, H. Shimizu, H. Taniguchi, H. Toh

Contribution to IGRF-13 from Japan: A secular variation model using a numerical dynamo model and 4DEnVar data assimilation

JpGU-AGU Joint Meeting 2020: Virtual

2020

S. Nakano, G. Ueno, S. Nomura, and D. Murakami

Development of a multilingual data assimilation library

JpGU-AGU Joint Meeting 2020: Virtual,2020

2020

S. Nakano, T. Minami, F. Takahashi, M. Matsushima, H. Shimizu, and H. Toh

Iterative ensemble variational methods and its application for the prediction of geomagnetic secular variation

JpGU-AGU Joint Meeting 2020: Virtual

2020




Impact of SST on the behavior of the artificial typhoon simulated by stochastic typhoon model

JpGU-AGU Joint Meeting 2020

2020

H. Nagao

Twin experiment of 4DVar capable of uncertainty quantification based on seismic wavefield propagation

JpGU-AGU Joint Meeting 2020

2020

2020

M. Higa, S. Nakama, K. Ito, H. Yamada, and R. Miyata

Limitations of data-driven approaches in the meteorology ~A case of automatic Dvorak technique with CNN~

Winter Workshop on the Mechanism of Brain and Mind

2020




S. Nakama, M. Higa, K. Ito, H. Yamada, and R. Miyata

Typhoon intensity estimation from a satellite image using CapsNet

Winter Workshop on the Mechanism of Brain and Mind

2020

33

2020

2019

H. Nagao and S. Ito

Uncertainty quantification for parameters and time series forecasting based on data assimilation

12th International Conference on the ERCIM WG on Computational and Methodological Statistics (CMStatistics 2019)

2019




S. Nakano, T. Minami, F. Takahashi, M. Matsushima, H. Toh, and H. Shimizu

Application of 4-dimensional ensemble variational method for geodynamo modeling

AGU Fall Meeting 2019

2019

K. Fukazawa, T. Kimura, T. Tokunaga, and S. Nakano

Application of Machine Learning to magnetospheric physics and preparation of training data for global magnetospheric
configuration and physics

AGU Fall Meeting 2019

2019

33

2019

2019




CNN t-SNE

2019

2019

2019

2019

A regression-based ensemble-based data assimilation algorithm for weakly nonlinear systems

2019

2019




2019

S. Nakano

Decadal-scale variations of typhoon trajectories deduced from a stochastic modeling approach

27th 1UGG General Assembly

2019

H. Nagao and S. Ito

Bayesian inference for phase-field models with non-time-series data

27th 1UGG General Assembly

2019

2019




T. Hori, N. Nishitani, S. Nakano, K. Seki, J. M. Ruohoniemi, S. G. Shepherd, K. Keika, M. Teramoto, and A. leda

SECS reconstruction of ionospheric flow map from SuperDARN observations on St. Patricks day 2015 storm

SuperDARN Workshop 2019

2019

S. Nakano, T. Hori, K. Seki, and N. Nishitani

Modeling of ionospheric convection pattern with SuperDARN data using localized vector-valued basis functions

SuperDARN Workshop 2019

2019

S. Nakano, T. Hori, K. Seki, and N. Nishitani

lonospheric convection modeling based on convolution with a localized vector-valued basis function

2019

2019

S. Nakano, T. Minami, F. Takahashi, M. Matsushima, H. Toh, H. Shimizu

A pilot study of geomagnetic data assimilation into a geodynamo model

2019

2019




2019

H. Nagao, S. Ito, T. Kurokawa, T. Kasuya, and J. Inoue

Bayesian inference of grain growth prediction via multi-phase-field models

EGU General Assembly

2019

2019

S. Nakano

Data assimilation in highly uncertain systems

RIMS Gasshuku-style Seminar : Mathematical science in numerical modeling and data assimilation of planetary atmospheres from
Earth and Mars to Venus

2019




2019

S. Nakano

Monte Carlo simulation based on a statistical model for analyzing climatological properties of typhoons

AGU Fall Meeting 2018

2018

S. Nakano, Y. Ariyoshi, and T. Higuchi

A Python library for parallelised particle filter

International Workshop on Data Science 2018

2018

S. Nakano, T. Hori, K. Seki, and N. Nishitani

A non-parametric regression model for estimation of ionospheric plasma velocity distribution from SuperDARN data

30 SuperDARN

2018




S. Nakano

On marginal likelihood estimation methods in ensemble-based data assimilation

2018

2018

A non-parametric regression model for analysis of spherical vector fields and its application to ionospheric HF radar data

2018

2018

S. Nakano

Fluid model based image data analysis and data assimilation

NTNU-ISM Joint Workshop on Sustainability and Statistical Machine Learning

2018




S. Nakano

Climatic properties of typhoons deduced from Monte Carlo simulation with a data-driven stochastic model

2018

2018

2019

Higa, M., S. Tanahara, K. Ito, H. Yamada, and R. Miyata

Relabeling the images of the potentially violent typhoons generated by the DCGANs using the CNN"

ICMCS-X111

2019

2019




Higa, M., S. Tanahara, K. Ito, H. Yamada, R. Miyata

Improving the prediction accuracy of typhoon intensity with the CNN using the DCGANs"

Winter Workshop on Mechanism of Brain and Mind 2019

2019

Grad-CAM

2018

2018

CNN

2018




DCGAN

22

2018

22

2018

Maru, E., K. Ito

Statistical Analysis of Tropical Cyclones in the Solomon Islands

2018

2018

Shibata,T., K. Ito, H. Yamada, R. Miyata, and S. Tanahara

Forecast of Minimum Sea Level Pressure by Statistical Analysis

2018

2018




CNN

2018

11

2018

2019

Nagao, H., M. Kano, K. Nagata, S. Ito, S. Sakai, S. Nakagawa, M. Hori, and N. Hirata

Seismic wavefield imaging of long-period ground motion in the Tokyo Metropolitan area

International Conference on Mathematical Modeling and Applications (ICMMA)

2019




2019

Ito, S., Nagao, H., T. Kasuya, and J. Inoue

Bayesian inference of grain growth prediction via multi-phase-field models

7th International Symposium on Data Assimilation (ISDA)

2019

Ito, S., H. Nagao, T. Kasuya, and J. Inoue

Model selection of material structure based on empirical Bayes method

9th Japanese Data Assimilation Workshop

2018

Nagao, H. and S. Ito

Data assimilation based on four-dimensional variational method: Optimization and uncertainty quantification

3rd International Symposium on Research and Education of Computational Science (RECS 2018)

2018




2018

, , , Ruohoniemi, J. M., , , , , Shepherd, S. G., Bristow, W.

SECS reconstruction of flow fluctuations with SuperDARN data

JpGU-AGU Joint Meeting 2017

2017

Global mapping of ionospheric plasma velocity distributions using spherical elementary current systems based on SuperDARN
data

JpGU-AGU Joint Meeting 2017

2017

S. Nakano

A stochastic model for generating typhoon trajectory scenarios based on a Gaussian process model and its application

The 27th Annual Conference of the International Environmetrics Society

2017




2017

2017

Kano, M., H. Nagao, K. Nagata, S. Ito, S. Sakai, S. Nakagawa, M. Hori, and N. Hirata

Seismic wavefield imaging in the Tokyo Metropolitan area based on the replica exchange Monte Carlo method

2017

2017

K. Seki, Y. Miyoshi, Y. Ebihara, Y. Katoh, S. Saito, T. Amano, Y. Omura, M. Shoji, T. Hori, N. Takahashi*, K. Keika, S.
Nakano, A. Nakamizo, M. Nose, S. Watanabe, and ERG theory/modeling/integrated studies team

Theory, Modeling, and Integrated studies in the ARASE (ERG) project

The 3rd ERG Mission Science Workshop

2017

2017




2017

S. Nakano and Y. Ogawa

Extraction of geophysical information from auroral movies using an approximate Kalman filter

2nd 1SM-ZIB-IMI MODAL Workshop on Mathematical Optimization and Data Analysis

2017

E. Maru. and K. Ito

Statistical analysis of tropical cyclones in the Solomon Islands

1CMCS

2017

T. Shibata, K. Ito, H. Yamada, R. Miyata, and S. Tanahara

Forecast of minimum sea level pressure by statistical analysis

1CMCS

2017




2017

Deep learning

2017

Stream function of global ionospheric plasma velocity distributions estimated from SuperDARN data

142

2017

T. Hori, N. Nishitani, S. G. Shepherd, J. M. Ruohoniemi, M. G. Connors, M. Teramoto, S. Nakano, K. Seki, N. Takahashi, S.
Kasahara, S. Yokota, T. Mitani, T. Takashima, N. Higashio, A. Matsuoka, K. Asamura, Y. Kazama, S.-Y. Wang, S. W. Y. Tam, Y.
Miyoshi, and 1. Shinohara

Evolution of ionospheric convection and ULFs during the 27 March 2017 storm: ERG-SuperDARN campaign

142

2017




K. Seki, Y. Miyoshi, Y. Ebihara, Y. Katoh, S. Saito, T. Amano, Y. Omura, M. Shoji, T. Hori, N. Takahashi*, K. Keika, S.
Nakano, A. Nakamizo, M. Nose, S. Watanabe, and ERG theory/modeling/integrated studies team

Theory, Modeling, and Integrated studies in the ARASE(ERG) project

142

2017

S. Nakano, T. Hori, K. Seki, and N. Nishitani

Divergence-free vector-valued kernel function on a sphere for estimation of the global distribution of ionospheric plasma
velocity

ISI-1SM-1SSAS Joint Conference Tokyo 2017

2017

S. Nakano

Support project for data fusion computation: Current status and future prospects

International Workshop on Sharing, Citation and Publication of Scientific Data across Disciplines

2017

Nagao, H.*, M. Kano, K. Nagata, S. Ito, S. Sakai, S. Nakagawa, M. Hori, and N. Hirata

Seismic wavefield imaging of long-period ground motion in the Tokyo metropolitan area, Japan

AGU 2017 Fall Meeting

2017




T. Hori, N. Nishitani, S. G. Shepherd, J. M. Ruohoniemi, M. G. Connors, M. Teramoto, S. Nakano, K. Seki, N. Takahashi, S.
Kasahara, S. Yokota, T. Mitani, T. Takashima, N. Higashio, A. Matsuoka, K. Asamura, Y. Kazama, S.-Y. Wang, S. W. Y. Tam, Y.
Miyoshi, and 1. Shinohara

Evolution of ionospheric convection and ULFs during the 27 March 2017 storm: ERG-SuperDARN campaign

AGU 2017 Fall Meeting

2017

2017

29

2017

H. Ishigaki, S. Tanahara, K. Ito, H. Yamada, T. Shibata, R. Miyata

Generating images of violent typhoons using the deep convolutional generative adversarial networks

Winter Workshop on Mechanism of Brain and Mind 2018

2018




S. Tanahara, H. Ishigaki, K. Ito, H. Yamada, T. Shibata, R. Miyata

The typhoon intensity prediction using the convolutional neural network'

Winter Workshop on Mechanism of Brain and Mind 2018"

2018

2018

CAVE

2018

Edward Maru,

Statistical analysis of tropical cyclones in Solomon Islands

2018




2018

2018

2018

S. Nakano

A non-parametric model for estimating a divergence-free vector field

US-Japan Workshop on Bridging Fluid Mechanics and Data Science

2018




(Ito Kosuke)

(10634123) (18001)
(Nagao Hiromichi)
(80435833) (12601)




