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Numerical Simulation w/ Computers

Initial State
(present)

Prediction
Model

Predicted State
(future)

iterative computations

an example
of billiards




Numerical Weather Prediction

wind, temperature, humidity, pressure

Initial State
(present)

wind, temperature, humidity, pressure

Weather Prediction
Model

Predicted State
(future)

iterative computations
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Simulated Global Precipitation
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Deterministic Chaos & Predictability

Edward Lorenz
Lorenz 63 System Attractor P

Lorenz 63 model
X=p(y—Xx)
y =—XZ+IX— y

/{; Z2=Xy—-bhz

B e Chaotic systems have

=20 -
=10 1‘-\_\_\_‘_—\—\_\_\_

0 e limits to predictability

—

p=10,r=28,b=8/3 * even with the perfect model!!
Initial Conditions :: x=y=z=15.000, 15.001, 15.002, ..., 15.009
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Ensemble Prediction: an example of typhoon
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Numerical Weather Prediction




Global Observing System

Satellite

Surface station




Observation Data in NWP: world’s efforts!
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Observation Data in NWP: world’s efforts!
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Observation Data in NWP: world’s efforts!

Before COVID-19 in COVID-19 restriction
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Data Assimilation (DA)

Observation

(bestestimates)

Real World KJCyber Space
Prediction

Data-driven Process-driven
(inductive) (deductive)

Sparse & Infrequent Dense & Frequent
(low-dimensional) (high-dimensional)



Error “co-variance”; an example of mid. troposphere

An error covarlance structure with 10, 000 member SPEEDY

90°

60" -

30"

00

P' =

Simply to say, covariance sees the error “correlation”.

model
dimension

oX!

ensemble size

covariance correlation
o
on~E[(X-EX)(Y-EV]] P

variance Gi B E[(X - E[X])z}
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How can we assimilate dense observations?

Pf— L 5Xf (5Xf )T nxn Forecast error

covariance Pf
m-1

N :# of model variables (> 108)

M : ensemble size (usually <1,000)

SX': ensemble perturbation (n x m)

rank(Pf)gmin(n,m)zm

Analysis error
covariance P4
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EFSO Impact Estimates (vs. ERA Interim)
detrimental AIRCFT VADWND PROFLR
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EFSO Impact Estimates (vs. ERA Interim)

agreed with NOAA's system

01:ADPUPA vs. era 06:VADWND vs. era

MTE (J/kQ)

120°E 180°W 120°W ° 9 120°E 180°W 120°W
08:ADPSFC vs. era 99:GSMaP vs. era

60°E 120°E 180°W 120°W 60°W 0 0° 60°E 120°E 180°W 120°W

Can we detect statistically detrimental obs stations?

FT: 24hr
SAMPLE: 2018060100-2018063018




Impact of DA

- A case of Record-breaking
Rainfall in July 2018 -

Kotsuki et al. (2019; SOLA)



Predictability of Record—breaking Rainfall in 2018




RIKEN's Ensemble Rain Forecasts w/ NEXRA
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Ensemble Forecasts w/ NEXRA
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Ensemble Correlation Analysis

| Ensemble Correlation (Rain vs. SLP)

Forecast Init. Time: 2018070312 (UTC)

(@) Validation Time: 2018070512 (UTC) (b) Validation Time: 2018070600 (UTC)
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Ensemble Forecasts w/ NEXRA
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Evaluation of Observation Impacts w/ DA

Obs @ 07/03 12UTC a radiosonde
|

EFSO vs. ANL(ME) =21
EFSO vs. ANL(PE) =3
EFSO vs. ANL KE) mmmm

g & & & 2 L £ ¥ q A
Qb éb wg § §° Qo Qo § ,g‘f Q'?é? Sl
g T § &£ Q9 ¢ & Q95
Y SRS SRS
i D > W 5 ¥ -
S S&s5s & 76 cf. Impact Estimates by EFSO

Kotsuki et al. (2019; QJRMS)

KE, PE, ME [J/kg]
o O &5 W ON - O =

B ME : Moist Energy (moisture field)
B PE : Potential Energy (temperature & pressure)
B KE : Kinetic Energy (wind field)



Evaluation of Observation Impacts w/ DA

®: beneficial radiosondes

Obs @ 07/03 12UTC ) ®: detrimental radiosondes

55 ADPUPA Estimated Impact (ME; J/kg) EFSO vs. ANL

s 0.100
e e
{,S 0075
- a5 4

35 4

... EFSO vs. ANL(ME) ==
*~-EFSO vs. ANL PE; | (P
EFSQ vs. ANL(KE) mmmmm

KE, PE, ME [J/kg]
N O O & W N = O =

- s=1.0 = ~0.075
(e) ME: Moist Energy O '_om
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Kotsuki et al. (2019; QJRMS)

B ME : Moist Energy (moisture field)
B PE : Potential Energy (temperature & pressure)
B KE : Kinetic Energy (wind field)
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Workflow of Data Assimilation

Model (t=>t+1)

A

Analysis

>

Forecast
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Analyzed/Observed Brightness Temperature  Band13 (10.4 um)
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VGG16 to extract typhoon features
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Intermediate Step: Improving Typhoon Detection
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Model (t=2>t+1)

Analysis

>

Forecast

A 4

!

Sim-to-Obs |«—Observations

1

solver

Obs-Forecast
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sxat (CfE DT —A[EME: an example of JFE

IS International, Vol, 57 (2017), No. 1, pp, 131-138

Online Heat Pattern Control of a Shaft Furnace Based on a Real-
time Visualization by Particle Filter

Yoshinari HASHIMOTO," Kazuro TSUDA," Takashi ANYASHIKI? and Hidekazu FUJIMOTO?

1} Instrument and Control Engineoring Resenrch Doportmaent, Steel Hesearch Laboratory, JFE Steel Corp, 1 Kokan-cho,
Fukuyama, Hiroshima, 7218510 Japan 2) lronmioking Hest Stowl Research Laborstory, JFE Stowl
Cotp, 1 Kokancho, Fukuyamae, Hiroshima, 721-8510 Japan.

wmrch Dopartmaont

(Recoived an August 10, 2016 accapted on Septermber 26, 2016)

6(ngng)+

Problem to be solved:
to reproduce inner
materials & conditions
from surface obs only.

O(C,u,Ty) + 0(Cyv,Ty)

=Sa(Tl;-T,)
ot ox dy 2 i)
1Gas Flow +RAH g +q
1 Solid Flow
ot oy
- q = —II(Tg = Tgu;) ............................. (3)
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Fig. 1. Structure of the ferro-coke furnace. L Thdyeritinetputdalieg '
. Hashimoto et al. (2017)
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DA combines Simulation & Data Science
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Research Strategy

1. math & toy models 7
(e.g. Lorenz 96, n~0O(102), p~ O(102)) =Y

2. intermediate models
(e.g. SPEEDY, n~0O(10°) , p~O(10%)

3. realistic models
(e.g. NWP, n>0(108), p>0O(10°))




Observing System Simulation Experiment (OSSE)

also known as Idealized Twin Experiment

forecast
® independent \/\
simulation a
/ \ analysis
= @ Data
TN\ | Assimilation

observation ©

=< ® o . ° .
\Simulation Model /| o ° o ®
o % @ to generate obsﬁ
nature run w/ Gaussian noise
True state (® validation
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Data Assimilation Study w/ 40-variable Lorenz-96

Lorenz-96 model (Lorenz 1996)

de/dtZ X'l_xj—z X'l_xj+|:

J+ J=

Advection term Dissipation term Forcing term

FOrj=1,...,J, )(jz)(j+f
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(1) variance inflation (KF, EnKF)

Empirical treatment for variance underestimation due to

(1) limited ensemble size Pf _f"\x Pf
(2) model nonlinearity inf —*P‘
(3) model imperfeCtiOr\ inflation factor (a tuning parameter)

Lorenz96-KF 0% inflation OBER=1.0 Lorenz96-KF 10% inflation OBER=1.0
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(2) covariance localization (EnKF)

Empirical treatment for
(1) reducing sampling noise
(2) increasing the rank

P" > poP!

o : Schur product
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Presented by Shunji Kotsuki
(shunji.kotsuki@chiba-u.jp)

Further information is available at
Lab: https://kotsuki-lab.com/
Personal: http://www.kotsuki-shunji.com/



