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Global and regional risks for increasing levels of global warming IPCC AR6 SPM

(a) Global surface temperature change (b) Reasons for Concern (RFC)
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Our world is anticipated to be less comfortable and less safe



Annual growth of GDP, 2022

Annual percent change in gross domestic product. This data is adjusted for inflation.
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Annual growth of GDP, 1980 to 2028

Annual percent change in gross domestic product. This data i adjusted for inflation.
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Resources we can use are in decline
= Options we can take will be limited
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Population Projections for Japan (IPSS,2023)
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Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. G l0ba| Data Creation IS AbOUt to EXPIOde

This advancement is important for other aspects of technological progress in computing — such as processing speed or the price of computers. Actual and forecast amount of data created worldwide 2010-2035 (in zetta bytes)
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OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.

Data source: Wikipedia (wikipedia.org/wiki/Transistor_count)

The power of computation and the data size

are still growing ;
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Our vision in this sentence

 Demand: Need to predict what will happen at various scale (hourly,
daily, monthly, seasonal, interannual, decadal, centennial) to be well
prepared in an efficient way

* Our mission: To create a new world with cutting-edge predictions and
beyond

e Our vision: To optimize the world with the power of prediction and
data science

Environmental
Prediction
Gcience
Laboratory



”O PTI IVI IZE TH E WO R LD” with the power of prediction and data science

Early warning Water resource management
Prediction
Exposure Control \ .
Food security
(\' Energy network design
Hazard /
Vulnerability Vulnerability
/ Mitw7

Risk Adaptation



What’s necessary to realize the vision?

Prediction o e o ¢ (Control / Adaptation

X Accurate prediction X Control theory

(hourly ™ cenntennial) X Fast prediction X Risk / Impact estimation

X High-resolution prediction

g

X Observations

— X Estimation method (DA, ML)

X System model

X Long dataset
- to understand the current state
- asan input for ML



What’s necessary to realize the vision?

Prediction o e o ¢ (Control / Adaptation

Seasonal to Decadal Prediction Assimilation and Control

X Accurate prediction
(hourly ~ cenntennial)

. . Control theor
Machine Learning X i

X Fast prediction X Risk / Impact estimation

X High-resolution prediction
X Observations Hydrology

—

J X Estimation method (DA, ML)

X System model X Computation power
- X Development of actuators
Observations X Long dataset X Ethical, Legal, and Social Issues
incl. satellite - to understand the current state (ELSI) incl. risk communication

& dataset - as an input for ML



~ Optimization of observation network
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Shiojiri-san & Saito-san proposed a method to optimize observatlon network



Latitude

Latitude

Improve global precipitation estimation

with EnKF
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Muto-san developed a nicer dataset than ever!!
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Precipitation estimation with EnKF
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CPC gauge precipitation

Observation error covariance

(err variance = 1.0 mm?® day )

Analysis
Prior Prior error covariance
BfFITERAS

1979/01/01~1979/12/31 “— Ensemble X’ € R™*™
(365 days)

(m = 365 days)
Prior % e R
Ensemble perturbations
SXP =[xb@) —gb,_ xbOm) _ gb]

Prior error covariance
_ oxp(sxt)”
=~ m—1

Pb

T LETKF

o 039
=
Q 033
O
o
L 037
% NGe=5 == NS =50
” 0.36_-+ NG =10 —4— NPS=100 |
S —¥— N9 =20
0.35




Ensemble forecast with RRI

randomly, o, = 4.0
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Average of 50 data assimilations
(window: 2days, 40 obs, B is manually tuned)

RMSE of 4DVAR Computation time of 4DVAR
linearized binary expression
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Kawasaki-san demonstrated the potential of QC!



RRI emulator development

GOAL: Develop an
emulator that

estimates water dept

timeseries
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Shimabukuro-san developed a fast and detailed mdel!




Precipitation super-resolution

WGAN

= Dowinscaling precipitation with CNN and WGAN
= WGAN is an algorithm that used Wasserstein Distance (WD)

L
as the loss function

Original data Wasserstein GAN
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Shiraishi-san is exploring forefront techniques, which inspires us a lot!!

Traninig to Minimize WD
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MPC & CSE Experiments w/ Lorenz 63 model

to keep L63 in right-side wing
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Miyoshi & Sun
(2022)

50
40

NR v v A DA
'y
/ X /
FCST |«

CSE with MPC for forecast with RS

|: PRED:|
OPT

An MPC for a prediction

Controlled prediction
Controlled NR
NR

e Analysis as initial state
Observation

Forecast from initial state |

Weather control study has just began but is rapidly growing thanks to Kawasaki-san!!
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Development of EnVAR based MPC algorithm

Settings

I Model (L63; dt=0.01=1hr)
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Kurosawa-san added the essence of DA to weather control, which accelerates our work!



We’'ve done a lot so far!!

Prediction o

X Accurate prediction
(hourly ~ cenntennial)

g

X Observations
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— X Estimation method (DA, ML)

a A

X System model

X Long dataset
- to understand the current state
- asan input for ML

e o (Control / Adaptation

L5

X High-resolution prediction

X Computation power

X Development of actuator machines

X Ethical, Legal, and Social Issues
(ELSI) incl. risk communication



Now it’s your turn!! horird Tt

Prediction o e ¢ o (Control / Adaptation

Seasonal to Decadal Prediction Assimilation and Control

X Accurate prediction
(hourly ~ cenntennial)

X Control theory

Machine Learin_g_

X Fast prediction X Risk / Impact estimation

i ow i & Hydrology

e

X Observations

X Estimation method (DA, ML)

X System model

Observations
incl. satellite
& dataset

X Long dataset o

| |
- to understand the current state | New !

) .
- asaninput for ML LD | Let’s keep this good momentum.




Lastly but not least...

Let me tell you the essence to be a successful scientist
That is VW, Vision and work hard

Robert W. Mahley

Vision without action is a daydream
Action without vision is a nightmare

Taikan OKki

You have to work at least 60 hours a week
when you’re young to be a scientist

Fuqging Zhang
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