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2) Center of Excellence for research on computational science

New “Fugaku” or “富岳” is being developed
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Global 870-m simulation (Miyamoto et al. 2013)

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



radar
technologyNew



10

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)

100x
data size

(Courtesy of NICT)
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Sudden heavy rain



Big Data Assimilation

SimulationsObservations

Powerful supercomputerNew sensors, IoT

Big Data Big Data



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
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~2GB

120 times more rapid than 
hourly update cycles



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

>41,000 views
#6 of RIKEN channel



9/11/2014, sudden local rain







Meteorological Satellite Center (MSC) of JMA

Himawari-8: a new generation geostationary meteorological satellite

16UTC 2 to 13UTC 3 April 2015
MTSAT-2 (VIS)
Every 1 hour

16UTC 2 to 13UTC 3 April 2015
Himawari-8 (True Color)
Every 10 minutes

(Courtesy of JMA)

frequent, colorful, precise

~50x
more data



Himawari-8 “Big Data Assimilation”

ObservationSimulation

Brightness Temperature (K)

Honda, Miyoshi, et al. (2018)

Typhoon Soudelor (2015)
Data Assimilation



Himawari-8 “Big Data Assimilation”

ObservationSimulation

Brightness Temperature (K)

Honda, Miyoshi, et al. (2018)

Typhoon Soudelor (2015)
Data Assimilation



Observation10 min. cycle30 min. cycle

Every 10 min. vs. 30 min. DA

Brightness Temperature (K)



Intensity forecast (30 min. vs. 10 min.)

Assimilating every 10-min. 
is essential.

strong

weak





A simulated study using 
the T30/L7 SPEEDY AGCM

(Miyoshi, Kondo, Imamura 2014)





Advantage of large ensemble
100 members

10240 members

(Miyoshi, Kondo, Imamura 2014)

High-precision probabilistic 
representation

Sampling noise reduced



Histogram, Q, lev=1, 1982/02/01 06Z
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Histogram, Q, lev=1, 1982/02/01 06Z
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Skewness, Ps, 1982/02/01 06Z
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Kurtosis, Ps, 1982/02/01 06Z
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Non-Gaussianity(KLD), Ps, 1982/02/01 06Z
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Non-Gaussianity(KLD), Ps, 1982/02/01 06Z
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>1000 members necessary 
for capturing Non-Gaussianity



RMSE  Non-Gaussianity
Non-Gaussianity based on 10240 members

Surface-pressure RMSE (hPa)
20

80

320

10240

Skewness Kurtosis

Frequency of Non-Gaussianity

[%]

Larger errors  Non-Gaussian regions

(Kondo, Miyoshi 2016)



To improve data assimilation

10240 members 
w/o localization

80 members
1-day fcst error = 5-day fcst error

Implications to vertical 
localization for satellite data



Cover feature!





Pushing the limits
Big Data × Big Simulations

Big ensemble (10240 ensemble members)
Rapid update (30-second update)

High resolution (100-m mesh)

 Future NWP



Pushing the limits
Big Data × Big Simulations

Big ensemble (10240 ensemble members)
Rapid update (30-second update)

High resolution (100-m mesh)

 Future NWP
With new “Fugaku”, we will run a

3.5-km-mesh global LETKF w/ 1000 members.



Research directions

AccuracyTimeliness

Value

Timely and accurate forecast



Research directions

AccuracyTimeliness

Value

Improving DA methods
Non-Gaussian filtering

Use of dense, frequent “big data”
Correlated obs errors

Proactive QC (Kalnay, Chen, Hotta, et al.)

Timely and accurate forecast



OSSE with Full-R
Observation coverage (Δx=150km) & 

observation error correlation for an observation

NICAM-LETKF 
system



Results: Temperature RMSE (K)

DIAG R

DIAG 
R*2.25

DIAG R w/ 
THINNING

FULL R

Improvement from DIAG R

Improvement from DIAG R

Improvement from DIAG R



Research directions

AccuracyTimeliness

Value

Future computational issues
Use of GPUs

Reduced precision arithmetic
Big data handling

Improving DA methods
Non-Gaussian filtering

Use of dense, frequent “big data”
Correlated obs errors

Proactive QC (Kalnay, Chen, Hotta, et al.)

Timely and accurate forecast

Use of AI, Machine Learning methods



Use of reduced precision arithmetic



ensemble forecasts + data assimilation
Compute time (73440 nodes of K computer)

2018 results

1 hour

30 seconds

100 m 100 m     /     250 m

10 min

2016 results reported 
in mid-term evaluation



ensemble forecasts + data assimilation
Compute time (73440 nodes of K computer)

2018 results

1 hour

30 seconds

100 m 100 m     /     250 m

10 min

2016 results reported 
in mid-term evaluation

<30 seconds achieved!!



Observation 250 M 100 M

Analysis - 06:20 UTC 13 July, 2013
250-m mesh vs. 100-m mesh forecasts



Observation 250 M 100 M

5-min forecast - 06:25 UTC 13 July, 2013
250-m mesh vs. 100-m mesh forecasts



Observation 250 M 100 M

10-min forecast - 06:30 UTC 13 July, 2013
250-m mesh vs. 100-m mesh forecasts



Observation 250 M 100 M

15-min forecast - 06:35 UTC 13 July, 2013
250-m mesh vs. 100-m mesh forecasts



Observation 250 M 100 M

20-min forecast - 06:40 UTC 13 July, 2013
250-m mesh vs. 100-m mesh forecasts



Observation 250 M 100 M

25-min forecast - 06:45 UTC 13 July, 2013
250-m mesh vs. 100-m mesh forecasts



Observation 250 M 100 M

30-min forecast - 06:50 UTC 13 July, 2013
250-m mesh vs. 100-m mesh forecasts



1-km-mesh, 1000-member LETKF
(Ruiz et al. in prep.)

contours: 30 dBZ reflectivity

T skewness at z=3845 m

Even 30-second update shows strong 
non-Gaussianity with 1000 members.sk

ew
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ss



1-km-mesh, 1000-member LETKF

contours: 30 dBZ reflectivity

T skewness at z=3845 m

Even 30-second update shows strong 
non-Gaussianity with 1000 members.sk

ew
ne

ss
30-sec. update may not be fast enough!

(Ruiz et al. in prep.)



30-min forecast: 15:10L – 15:40L 
D4_1KM (deterministic) OBS after QC

D4_1KM (deterministic)

5-min DA cycle

30-sec DA cycle

Lien et al. (in prep.)



30-min forecast: 15:40L – 16:10L 
D4_1KM (deterministic) OBS after QC

D4_1KM (deterministic)

5-min DA cycle

30-sec DA cycle30-sec. update certainly helps.
Lien et al. (in prep.)



20-min forecast: 15:30L
30 secOBS after QC

5 min (4D)

5 min (1/10 data)

Lien et al. (in prep.)



20-min forecast: 15:30L
30 secOBS after QC

5 min (1/10 data)

2 min (4D) 5 min (4D)

2 min (1/4 data) 5 min (1/10 data)

Lien et al. (in prep.)



20-min forecast: 15:30L
30 secOBS after QC

5 min (1/10 data)

1 min (4D) 2 min (4D) 5 min (4D)

1 min (1/2 data) 2 min (1/4 data) 5 min (1/10 data)

Lien et al. (in prep.)



Phased-Array Weather Radar
3D precipitation nowcasting

(NICT)

App by MTI

30-second-update
10-min forecast



Real-time dissemination started on 
7/27/2017 in collaboration with MTI Ltd.

Making societal impact

>150,000 
downloads!



2018/7/6 10-15 JST, Average of 388 forecasts

Convective features
were well predicted

Persistence
(30 mm/h)

Threat scores of rain rate 
at the 2-km altitude 
against PAWR



Shi et.al (2015)

6 time steps (3min)
Past 3D observation

INPUT

Extract feature of
spacial development

Forecast rain-map based on
extracted features

Convolutional LSTM
(Work with Mr. Viet Phi Huynh and Prof. Pierre Tandeo) 5 time steps (2.5min)

Future 3D forecastOUTPUT



Strategy 
 Combine 2 well known neural network structure 

Original image: https://medium.com/@RaghavPrabhu/understanding-of-convolutional-neural-network-cnn-deep-learning-99760835f148

CNN: Convolutional Neural Network

LSTM & CNN → Convolutional LSTM



Extract feature of
spacial development

Forecast rain-map based on
extracted features

DATASET
NICT
Phased Array Radar
 250m
 Every 30 second 

radar echo
 Min-max 

normalization
 Input past 3 mins

 Forecast 2.5 mins
Training period:
31 May & 26-27 July, 
2018

Training settings
Library: Theano
Loss function:
Balanced MSE

Optimizer:
AdaDelta (lr=1e-4)

Mini batch: 10

Settings
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“Convolutional LSTM”
Shi et.al (2015)

(Work with Mr. Viet Phi Huynh and Prof. Pierre Tandeo)



3D Nowcast by Conv-LSTM
(Work with Mr. Viet Phi Huynh and Prof. Pierre Tandeo)



3D Nowcast by Conv-LSTM
(Work with Mr. Viet Phi Huynh and Prof. Pierre Tandeo)



3D Nowcast by Conv-LSTM
(Work with Mr. Viet Phi Huynh and Prof. Pierre Tandeo)



3D Nowcast by Conv-LSTM
(Work with Mr. Viet Phi Huynh and Prof. Pierre Tandeo)



3D Nowcast by Conv-LSTM
(Work with Mr. Viet Phi Huynh and Prof. Pierre Tandeo)



3D Nowcast by Conv-LSTM
(Work with Mr. Viet Phi Huynh and Prof. Pierre Tandeo)



Toward Weather-Ready Society5.0 with



Toward Weather-Ready Society5.0 with

Potential demonstration at 
TOKYO 2020



Methods for prediction & control

Data Science
(4th Science)

Induction
experience & data

Prediction & Control

Computational
Science

(3rd Science)

Deduction
model



Methods for prediction & control

Computational
Science

(3rd Science)
Data Science
(4th Science)

Deduction
model

Better Prediction & Control

Induction
experience & data



DA Meteorology
Earth sci.

Planetary sci.
Math

Statistics
Dynamical systems



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



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



Bringing DA into new areas

Computational
Science

(3rd Science)
Data Science
(4th Science)

Deduction
model

Better Prediction & Control

Induction
experience & data



Ecosystem control with DA

Courtesy of T. Ise

Forest simulation Satellite observation
Leaf Area Index (m2/m2)

every 4 days
for 100 years at
a single location



Ecosystem control with DA

Courtesy of T. Ise

Simulation w/ DA

Leaf Area Index (m2/m2)

Arakida, Miyoshi, 
et al. (2018)

Forest simulation Satellite observation



DA for press-forming simulation
Simulation

Surface strain measured by ARAMIS

Sensor data

(Sakamoto, Takamura)



DA for press-forming simulation

Surface strain measured by ARAMIS

Crack Springback

Optimize press-forming parameters

Simulation Sensor data

(Sakamoto, Takamura)



The 5th Paradigm

Data Science
(4th Science)

New Prediction & Control

Computational
Science

(3rd Science)
Mathematics

5th Science



Hybrid DA for human life

Too complex 
model

Data-driven 
model Hybrid DA

J. Seita (RIKEN MIH)

Regular 
DA

Healthy

Diseases



Computational 
Science

(3rd Science)
Cyberspace

Process-driven
Deduction

Data Science
(4th Science)

Real world
Data-driven

Induction

Mathematics

MedicineEngineering

Economics

Environment

Universe

Life SciencePrediction Science
The 5th Science

expanding our ability of prediction
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