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Who am I?
http://data-assimilation.riken.jp/~miyoshi/

B.S. from Kyoto U
↓

JMA administration (2y)
↓

JMA NWP (1y+3mo)
↓

UMD (2y, M.S. and Ph.D.)
↓

JMA NWP (3y+6mo)
↓

UMD (4y)
↓

RIKEN (5y)
http://tedxsannomiya.com/en/speakers/
takemasa-miyoshi/

気象庁 企画課

数値予報課

メリーランド大学

京都大学理学部卒

理化学研究所



http://www.data-assimilation.riken.jp/

データ同化研究チーム



Data Assimilation (DA)

Data assimilation best combines 
observations and a model, and 

brings synergy.

SimulationsObservations

データ同化

観測 シミュレーション

データ同化は、シミュレーションと現実世界を結び、相乗効果を生む
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Data Assimilation (DA)

Observations

>2
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Data Assimilation

Simulations

Data-driven
データ同化

Process-driven



RIKEN Advanced Institute for Computational Science (AICS)

Japan’s flagship institute for 
computational science

Missions:
1) Development & operation of the Japanese flagship supercomputer

2) Center of Excellence for research on computational science

理化学研究所 計算科学研究機構（AICS）

わが国のフラッグシップスーパーコンピュータの開発と運用

わが国の計算科学研究のフラッグシップ拠点



RIKEN Advanced Institute for Computational Science (AICS)

Japan’s flagship institute for 
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“Post-K” is planned on 2021
“FLAGSHIP2020 project”

わが国のフラッグシップスーパーコンピュータの開発と運用
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(Courtesy of NICT)
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Severe Weather Prediction

by
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Miyoshi et al. (2016)
doi:10.1175/BAMS-D-15-00144.1

Bulletin of the American 
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The flagship journal of the
American Meteorological Society



「京」と最新鋭気象レーダを生かしたゲリラ豪雨予測
－「ビッグデータ同化」を実現、天気予報革命へ－



Proceedings of the IEEE  (Miyoshi et al., 2016)

November 2016



Global 870-m simulation (Miyamoto et al. 2013)

©JAMSTEC・AORI (SPIRE Field3), RIKEN/AICS
Visualized by Ryuji Yoshida



cf. TEDxSannomiya
http://tedxsannomiya.com/speakers/takemasa-miyoshi/

©JAMSTEC・AORI (SPIRE Field3), RIKEN/AICS
Visualized by Ryuji Yoshida
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100x
more data!
10x more data 
in a 1/10 period

Phased Array Weather Radar (PAWR)

3-dim measurement using 
a parabolic antenna  (150 m, 

15 EL angles in 5 min)
3-dim measurement using a phased array antenna 

(100 m, 100 EL angles in 30 sec)

フェーズドアレイ気象レーダ
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Sudden heavy rain



Sources of Big Data

SimulationsObservations

Powerful supercomputerAdvanced obs technology

Big Data Big Data

観測 シミュレーション

ビッグデータの源



Big Data Assimilation

SimulationsObservations

Powerful supercomputerAdvanced obs technology

Big Data Big Data

ビッグデータ同化
観測 シミュレーション



Pioneering “Big Data Assimilation” Era

Mutual feedback

High-precision Simulations

High-precision 
observations

Future-generation technologies
available 10 years in advance



Revolutionary super-rapid 30-sec. cycle

0
Time (sec.)

10 20 30 40

Obs data
processing

DA
(4.5PFLOP)

30-sec.
Ensemble

forecasting
(2.6PFLOP)

30-min. forecasting (1.6PFL

30-sec.
Ensemble

forecasting
(2.6PFLOP)

30-min. forecasting (1.6PFLOP)

DA
(4.5PFLOP)

-10

Obs data
processing

380GB2.5TB380GB

3GB3GB

~2GB

2.5TB D
(4.5P

~2GB

120 times more rapid than 
hourly update cycles

30秒更新する革命的天気予報システム

毎時更新より120倍高速



9/11/2014 morning, sudden rain
8:00 8:05 8:10 8:15

8:20 8:25 8:30 8:35

8:40 8:45 8:50 8:55



9/11/2014, sudden local rain



9/11/2014, sudden local rain

>40,000 views
#9 of RIKEN channel



9/11/2014, sudden local rain



Future directions

AccuracyTimeliness

Value

Improve the compute speed
Observation data processing (Satoh G, Ushio G)
Quality control (Satoh G)
Observation data transfer (Ishikawa G)
SCALE computation (Tomita G)
LETKF computation (Miyoshi G)
Inter-job data transfer (Ishikawa G)

Improve the forecast accuracy
Observation method (Ushio G)
Quality control (Satoh G)
SCALE physical processes (Tomita G)
LETKF assimilation method (Miyoshi G)

Timely and accurate forecast

即時性 正確さ



ensemble forecasts + data assimilation

Compute time (73440 nodes of K computer)

Original proposal: 100-m mesh, 100 ensemble members, every 30 seconds

measured

total 98.3 sec. (without init+final)
~4x acceleration needed!

will keep working on acceleration

28.3   5.3     32.5           32.2

現状として98.3秒かかる。4倍程度の高速化が必要
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30秒更新10分後までの超高速降水予報を開始
－最新鋭気象レーダを活用したリアルタイム実証－



RIKEN real-time weather forecast

30-second update 
nowcasting for 10 
minutes started on 
July 3, 2017.
 JMA forecast 

license was issued. 

http://weather.riken.jp

Science  Service
 Engineering challenges
 Prediction algorithm
 Best use of computer



Real-time dissemination started on 7/27
in collaboration with MTI Ltd.



Real-time dissemination started on 7/27
in collaboration with MTI Ltd.

Making societal impact

>100,000 
downloads!



AI Forecaster

Cyberspace Physical world
Nature

Human system

Cyber-Physical fusion for weather prediction
Data Assimilation is the keyサイバーフィジカル融合



DA Meteorology
Earth sci.

Planetary sci.
Math

Statistics
Dynamical systems

統計数理・力学系理論

気象・地球惑星科学



DA Meteorology
Earth sci.

Planetary sci.

Neuroscience

Engineering
applications

Social science
Traffic, material flow,
population, finance,
demographics, etc.

Research platform

Biology
Medical sci.

Machine learning
AI

Basic physics
Cosmology

Math
Statistics

Dynamical systems

統計数理・力学系理論

気象・地球惑星科学
基礎物理・宇宙

生命・医療

工学応用

社会科学

脳神経科学

機械学習・AI
研究プラットフォーム



DA Meteorology
Earth sci.

Planetary sci.

Neuroscience

Engineering
applications

Social science
Traffic, material flow,
population, finance,
demographics, etc.Real-time information

“cyber-weather”
“cyber-highway”, etc.

Research platform

Biology
Medical sci.

Societal benefits
Industry applications

Diverse communities
Education

New applications
Making new scientific movement 

across the borders through DA

Machine learning
AI

Industry partners

Basic physics
Cosmology

Math
Statistics

Dynamical systems

統計数理・力学系理論

リアルタイム情報

基礎物理・宇宙

生命・医療

社会科学

脳神経科学

機械学習・AI
研究プラットフォーム

産業応用連携

分野の壁を越えた新しい科学の創造

社会実装・産業応用



Summary and a perspective

“Big Data” “Big Simulation”
Compute SPEED and Forecast ACCURACY
For the next decade: Exa-scale computing

 Revolutionize Weather Prediction

Processing orders of magnitude Bigger Data
in both space and time 空間的・時間的に

桁違いな「ビッグ
データ同化」を実現
天気予報を革命


