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~ (1) Introduction and NWP

~ (2) Deterministic Chaos and Lorenz-96 model

~ (3) A toy model and Bayesian estimation

- (4) Kalman Filter (KF)

~ (5) 3D Variational Method (3DVAR)

~ (6) Ensemble Kalman Filter (PO method)

~ (/) Serial Ens. Square Root Filter (Serial EnSRF)
~ (8) Local Ens. Transform Kalman Filter (LETKF)
~ (9) Innovation Statistics & Adaptive Inflation
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DA is a kind of optimization.
It is just a “tool” for empirical science.

Y,
™
Since DA uses observations,
forecasts must be improved “easily”!
Y,
\

No, DA is not a simplistic optimization
Studying DA provides you deeper

understating on stat. math & dynamics./
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2. intermediate models
(e.g. SPEEDY, n~O(108) , p~O(10%)

3. realistic models
(e.g. NWP. n>0(108), p>0(10°))
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DA Study w/ 40-variable Lorenz-96

Lorenz-96 model (Lorenz 1996) For j=1,..N, X=X,
et Nr 7y '+

Advection term Dissipation term Forcing term
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Training Course of Dynamical Model and Data Assimilation

January 31, 2020, Shunji Kotsuki
updated 2020/03/19, 2020/06/29, 2021/07/15
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Purpose: Using the 40-variable dynamical a.k.a. Lorenz-96 (L96; Lorenz 1996), we are
going to perform various experiments with multiple data assimilation (DA) methods. By

actually coding a data assimilation system from scratch, you will acquire practically "usable”

basic techniques related to mechanical modeling and data assimilation.
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Empirical treatment for variance underestimation due to

(1) limited ensemble size P % pb

(2) model nonlinearity inf — C(X

(3) model imperfeCtiOH inflation factor (a tuning parameter)
: Lorenz96-KF 0% inflation OBER=1.0 s Loren296 KF 10/ mflatlon OBER 10
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RMSE = /¥ (x — xt™)2 /n Spread = \/tr(PP)/n = /¥ ((x — xt")2) /n
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Environmental Prediction Science, Kotsuki Laboratory, Center for Environmental Remote Sensing (CEReS), Ch]bi University
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Python 7045
HERPIFHUESTE - python¥ =2 7JL - APYE (fn Japanese & English)

o 2020FRE. JOUS 'S [s(3pythonTT.
#HEUPDATERTT.

o PythonMannual_v20210928.dox /

Data Assimilation Training Courge (in Japanese & English)

KotsukiLab_L96Training_v20210916.zip

-
o currently ur‘Dubhc please send an email to ( kotsuki.lab(at) gmali com ) to geme'u'asﬁ!ord-fou— — o .
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Training Course of Dynamical Model and Data Assimilation

January 31, 2020, Shunji Kotsuki
updated 2020/03/19, 2020/06/29, 2021/07/15
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Purpose: Using the 40-variable dynamical a.k.a. Lorenz-96 (L96; Lorenz 1996), we are

going to perform various experiments with multiple data assimilation (DA) methods. By

actually coding a darta assimilation system from scratch, you will acquire practically "usable”

basic techniques related to mechanical modeling and data assimilation.
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% 7z python 233w, 72 HKECR A EHECo—F 4 v 7338, Thui,
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Method: Implement and solve the following problems yourself. Any programing languages or
platforms can be used in this exercise. At the Kotsuki Lab. mtg, each personnel will report the
progress, and try to solve the problems. Questions are accepted during the MTG as well as at
the office when necessary. As for the programing language, python, which is easy to perform
matrix operations, is recommended unless specific language is preferred. Also, you should
code in double precision instead of single precision. Otherwise, confirming whether

performing properly or not compared to the previous studies will not be possible.

https://kotsuki-lab.com/internal-pages/
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For Beginners of Python {5
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Kotsuki Laboratory, CEReS, Chiba University:
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For those who would like to

- deepen understanding on DA
- = you Will understand the essence of DA

- use DA for research
- =» you will acquire practical skills

- Improve programing sKkill
- =» you Wwill improve programming definitely

- know numerical weather prediction
- =» you will be more familiar with weather
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Let’s Start!



Today’s Goal

~ To understand numerical weather prediction
and the role of the data assimilation

» To be Interested in data assimilation
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Numerical Simulation w/ Computers

Initial State Prediction
(present) Model

Predicted State
(future)

iterative computations

an example
of billiards .




Numerical Simulation w/ Computers

Initial State Prediction
(present) Model

Predicted State
(future)

iterative computations

an example
of billiards .
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wind, temperature, humidity, pressure wind, temperature, humidity, pressure

Predicted State
(future)

Initial State Weather Prediction
(present) Model

iterative computations

Real Earth Earth in Computer Richardson’s Dream (1920; 200km)
OIMA s sorom

discretize
Fugaku (2020; 3.5km x 1000 ens)
©JMA
P N :———/':—-T-—.—'——'—-
wind, temperature VR e Err
humidity, pressure, ... LAZEE -

o
EL¥ 1 F
X i ?
ATMOS 301 (x pe P) . Ax x Ay x Ap
Numerical Weather Prediction ~ [/€rd point “grid volume”




Physical laws solved in NWP Models

- Fluid Dynamics (a.k.a. Dynamical Core)
- Navier-Storks Eq. (FfaAiE)
~ Continuous Eq. (GE#HDI)
» Egs. of State (IRREHET)
- First laws of thermal dynamics (B F5E—A8)

- Physics (a.k.a. Physical Process)
- Aerosol and trace gasses (TJ7OY)L)
Atmospheric radiation (5%5¢)
Cloud and precipitation (£&£M)
Land & vegetation (PEEIHELE)

Ocean ((87%)

v

v

v

v

e b, KARIE
» Urban (%B M ) = AEERE

> L I I F{itﬁ
than%s to Prof. Y. Sato ©JMA RiEHZOHEE. BMAZOE—EAULELE




Physical laws solved in NWP Models

"+ Fluid Dynamics (a.k.a. Dynamical Core)

—V(pv) (Continuous Eq.)
1
=—vl7v—;\7p—gk—fk><v+F (NS Eq.)

20
: —wVO+Q 0 =T(po/p)V

(Egs. of State)
p = pRT )

F, Q, and Qn represent effects of
= —vVq, +Qn physical processes into fluid. (additional terms

e.g., Coriolls force is also implemented into F).

p: density, v: wind, p: pressure, k: unit vector for vertical direction
T: temperature, g: gravitational acceleration, g,: tracers for physical process



Simulated Global Precipitation
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Lorenz 63 System Attractor
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1 s0
- 30

T i=p(y-x)
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ll Lorenz 63 model
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0
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"‘-\K °
o .Chi.:IOtIC syste.ms h?\.le
0o s limits to predictability
p=10,r=28,b=8/3 *  eyen with the perfect model!!
Initial Conditions :: x=y=z=15.000, 15.001, 15.002, ..., 15.009




Ensemble Prediction (e.g. TC
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true state (unknow)
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Observation Data in NWP
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Data Assimilation
Observation
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Today’s Goal

~ To understand numerical weather prediction
and the role of the data assimilation

» To be Interested in data assimilation
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Presented by Shunji Kotsuki
(shunji.kotsuki@chiba-u.jp)

Further information is available at
https://kotsuki-lab.com/




