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UNIVERSITY

N(I//T) e Development of MP-PAWR v 0

OSAKA UNIVERSITY

Multi-parameter phased array weather radar (MP-PAWR) was developed by Gr 29
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Real-time data transfer
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Real-time workflow
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The current real-time I
PAWR data QC algorithm 5. =
is calculated within 10
sec, but the accuracy in
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PAWR Data QC using Deep Learning
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ESP Strategy

Clutter echoes (orange and pink |

regions) must be distinguishable “jr
with “Semantic Segmentation” )
(Convolutional Encoder-Decoder) & E

Mehta.,S. et al., ESPNet: Efficient Spatial Pyramid of
Dilated Convolutions for Semantic Segmenntation,
arXiv:1803.06815v3, 2018

&

|

60 -50 ~40 =30 =20 =10 0

Convective Rain

10 20 30 40 50 60

,ﬁ:

60 =50 -40 =30 =20 =10 0

Interference Noise

[_d_n, w My, d ”_ d. 1y ¥ na.d ] rtj_ﬂg iy, dd ] [ o ng = rrx,d]

ESP module

W 20 30 40 5 60

a2 RYBERER



nic?  Training Data and Learning Outcomes

Sample Data [Input image (reflectivity)

AZ (300 pix) =2

RANGE (600 pix) =

Loss
0.8
0.6
0.4
0.2
0
0 20 40 60 80 100

Num of epoch

Annotation (QC flag)

AZ (300 pix) >

RANGE (600 pix) = Black: clutter
Red: rain echo
Accuracy
0.98
0.97
0.96
0.95
0.94
0.93
0 20 40 60 80 100

Num of epoch

Number of data

Convective rain (High ELs)

Stratiform rain (High ELs)

528 136
531 113



NCI§7? Results of clutter classification by ESPNet

20190621- 160013 _el8 Convective Ra|n EL=6"

|60

lack: clutter tter
< 120km — Red: rain echo Green: rain echo

20190920-170005 el8 Stratiform Rin Case EL=6"

Reflectivity Image QC flag Segmentation
(conventional method)



Model Acceleration
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Climate Model Acceleration by Machine Learning

Experiment

» Quasi-Geostrophic model: Potential

Vorticity

= Models:

1. Process-Driven Physical Model

(PDPM)

2. Data-Driven Statistical Model

(DDSM)

3. Hybrid Physical-Statistical Model

(HPSM)
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Model Acceleration: Results

Criterion: Anomaly Correlation Coefficient (ACC)
Predictability range: ACC> 0.6

Wall-clock computer time
— P.PDPM
0.8 — 1 16 1 HRM
HPSM.HRO LRM
u 14 . CNN
=== Predictibility threshold u
0.6 N L N T T T T T T T T T T YT TS """ "““"“"r“IIU"'"'r’U """’ ’“‘r‘’UrrUeeeee——— 12 o
10
O 0
< 0.4 € 08
=
0.6 -
0.2 | 0.4 -
0.2 -
0.0 00 T T L} L] L]
6 2'0 4'0 60 8'0 160 liO P-PDPM DDSM HPSM  HPSM-HRO L

time (day)



Otsuka, Miyoshi, et al.

Fusing ML+DA+Simulation

Observation

Weathe! Simulation
)

ouTPUT » New 3D Precip. Nowcasting

Improved forecast
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Otsuka, Miyoshi, et al.

Preliminary results:
Using future data in Conv-LSTM is effective.
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GANs for forecast verification

e Create training data

Random vector Run QG model
\ 4 \ 4
Generator
Fake samples Real samples

Yy

Discriminator
(CNN)

Binary classification:
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Real samples
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Deformation:
convolution maps

!
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Forecast verifier
(CNN)

Deformation map

A 4

Knowledge extractor
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Outputs

Deformation:
Displacement example

Difference
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1. “Big Data Assimilation” X Al

2. International collaborations
3. Demonstration at Tokyo 2020
4. Societal impacts




The Second IMT-Atlantique & RIKEN Joint Workshop:

and Oceanography”

- Date: Feb. 10-13, 2020 (Mon-Thu)

» Place: IMT Atlantique, Brest, France (Room: B1-114)

+ Language: English

® Day 2: Feb. 11

"Statistical Modeling and Machine Learning in Meteorology

Program
® Day 1: Feb. 10 Time Speaker Title
N - 9:30-10:00 Chen Wang Classification of global ocean SAR images for broader applications
Time Speaker Title
" N " " . The parameter estimation system in SCALE for reduced-precision floating-point
©9:30-9:45 Takemasa Miyoshi & Pierre Tandeo | Qpening (Perspective toward DA-AT fusion 10:00-10:30 Tsuyoshi Yamaura N
numbers
9:45-10:45 Michele Alessandro Bucci Keynote
10:30-10:45 - Break
10:45-11:00 - Break - - - -
10:45-11:15 Kenta Sueki Estimation of key parameters in cloud microphysics using ensemble Kalman filter
11:00-11:30 Naonori Ueda Al approach for advanced weather forecasting
11:15-11:45 Koii T i Accounting for the horizontal cbservation error correlation of satellite radiances in
30-12: i i " i :15-11: oji Terasaki
11:30-12:00 Pierre Tandso Selection of dynamic model using analog data assimilation ] data assimilation
12:00-13:30 - Lunch break 11:45-13:15 - Lunch break
13:30-14:00 Paul Platzer Analog forecasting errors from a dynamical systems point of view ] Using precipitation radar for urban hydrology: motion interpolation and merging
3 - - 13:15-13:45 Marie Boutigny )
14:00-14:30 Arata Amemiya Model bias correction by ML with rain gauges
14:30-15:00 Shigencri Ctsuka Toward hybrid NWP-AT system for precipitation nowcasting § Application of analog data assimilation to the spatial-temporal interpolation of sea-
13:45-14:15 Zhen Yicun & Jean-Marie Vent
15:00-15:15 - Break surface sediment concentration and sea-surface height
15:15-15:45 Maha Mdini Toward model acceleration by ML 14:15-14:30 - Break
15:45-16:15 Maxime Beauchamp A geostatistical journey through data and medeling in air quality 14:30-15:00 Jules Guillot Data-Model Coupling for SST-DA
-15-16: - i i i Data-driven identification of geophysical dynamics: incorporating stability constraints
16:15-16:30 Introduction to breakout discussion 15:00-15:20 Said Ousla | N "
16:30-17:00 - Breakout discussicn e s
15:30-16:00 - Breakout discussion
16:00-17:00 - Plenary discussion




IMT-Atlantique & RIKEN Online Joint
Seminar Series (Feb.17 - Apr.14, 2021 )

Youtube playlist of recorded talks

Theme:

The fusion of Data Assimilation o i

with Artificial Intell |ge nce in sy @3 | [weawen ] IMT-Atlantique & RIKEN Online Joint Seminar Series 2021 - Colin

th e fi e I d S Of M ete o rO I Ogy’ ’ i E RIKEN Data Assimilation Channel

Ocea n og ra p hy’ an d CI Imate ]MT'Atlamique & RIKEN ¥ | MT-Atlantique & RIKEN Online Joint Seminar Series 2021 - Mdini
Onhne JOlnt Sem|nar Serles el e RIKEN Data Assimilation Channel
2021

o . 8 videos - 26 views - Last updated on May 14, IMT-Atlantique & RIKEN Online Joint Seminar Series - Benaichouche
# Of pa rt I CI pa nts : 20z RIKEN Data Assimilation Channel

27:48

2021/02/17 - 38 e s
2 O 2 1/0 3/03 _ 3 3 : ] IMT-Atlantique & RIKEN Online Joint Seminar Series 2021 - Miyoshi

RIKEN Data Assimilation Channel
RIKEN Data

2 O 2 1/0 3/ 1 8 — 20 R Assimilation SUBSCRIBE

Channel

2 O 2 1/0 3/3 1 -_— 2 3 e I::T:T:T ljlIBI:«;f:l]:)nIine Joint Seminar Series 2021 - Zhen
2021/04/14 - 27

IMT-Atlantique & RIKEN Online Joint Seminar Series 2021 - Tandeo (Questions)

RIKEN Data Assimilation Channel

IMT-Atlantique & RIKEN Online Joint Seminar Series 2021 _ Tandeo (talk)

RIKEN Data Assimilz

https://www.youtube.com/playlist?list=PL7ee1Myi7I8jC6ECNscgY 4LeHH6D2h1x




http://www.data-assimilation.riken.jp/en/events/imt ws 2021/index.html

I IMT-Atlantique & RIKEN Online Joint Seminar Series (Jointly with Data Assimilation Seminar Series)

 Dates: Feb.17 - Apr.14, 2021
» Language: English
» Place: Zoom

» Videos: Youtube

Theme: Statistical Modeling and Machine Learning in Meteorology and Oceanography

This online joint seminar series follows the first and second joint RIKEN-IMT Atlantique workshops in 2019 and 2020. The main topic is the fusion of
Data Assimilation (DA) with Artificial Intelligence (AI) in the fields of Meteorology, Cceanography, and Climate. The use of Al and statistical techniques
such as neural networks in geophysics has a potential to enhance our knowledge and to improve physical models” performance by exploiting more
from available observations and by accelerating DA workflow for real time response. This seminar series aims to exchange ideas about potential future

research on the fusion of DA and Al with HPC in the research fields of meteorology and oceancgraphy for enhancing future collaborations between
RIKEN and IMT-Atlantique based on the international agreement signed in 2019.

Seminar 1

® Feb. 17: Jointly with OceaniX project of IMT-Atlantique

Time Speaker Title

IST 21:30-23:00 - _ _ _ - _ _
Dr. Takemasa Miyoshi Big Data, Big Computation, and Machine Learning in Numerical Weather Prediction
CET 13:30-15:00




http://www.data-assimilation.riken.jp/en/events/imt ws 2021/index.html

Seminar 2: Application of deep-learning methods to environmental data

® Mar. 3

Time

Speaker

Title

JST 17:50-18:00
CET 9:30-10:00

Mr. Aurélien Colin
(IMT Atlantique & CLS)

Semantic Segmentation of Metocean Processes and Estimation of Ancillary Data

JST 18:00-18:30
CET 10:00-10:30

Dr. Hirotaka Hachiya

Spatio-temporal integration of forecast guidance outputs using U-Net

JST 18:30-19:00
CET 10:30-11:00

Discussion

Seminar 3: Model acceleration and emulation using ML

® Mar. 18

Time

Speaker

Title

JST 1/:30-18:00
CET 9:30-10:00

Dr. Maha Mdini

Accelerating Climate Model Computation by Neural Nebworks

JST 18:00-18:30
CET 10:00-10:30

Dr. Simon Benaichouche
(IMT Atlantique & e-odyn)

Variational learning of sea surface current reconstructions from AIS data streams

JST 18:30-19:00
CET 10:30-11:00

Discussion




http://www.data-assimilation.riken.jp/en/events/imt ws 2021/index.html

Seminar 4: Characterization of model errors using ML

® Mar. 31

Time Speaker Title

JST 16:30-17:00 Dr. Yicun Zhen ) _ ) )
, Location uncertainty from another point of view.
CET 9:30-10:00 (Ifremer & IMT Atlantigue)
JST 17:00-17:30 ) ) m
Dr. Arata Amemiya Connecting Data Assimilation and Neural ODEs
CET 10:00-10:30
JST 17:30-18:00 , ,
= Discussion
CET 10:30-11:00
Seminar 5
® Apr. 14

Time Speaker Title

JST 16:30-17:30 5 : L ooy = W ;
Dr. Pierre Tandeo Narrowing uncertainties in climate projections using data science tools
CET 9:30-10:30
JST 17:30-18:00 _ ,
- Discussion

CET 10:30-11:00
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