2 ;'_—l:.E Ji R A5 258 41 g B,J Y
b, _ )b
%&ﬂ%“@?ﬂ%ﬁﬁ&f 1fE 1 1R %ﬁﬁ’@ﬁ%
& ECMWF
Construction and Valldatlon of the MJO Tangent Linear Operator _Q~
(. Using the ECMWEF S2S Ensemble Forecasts Dataset J
A7-19

B RS BRIEEG A R R
BE2NTE  MBEG -« AR




A 4

VIR A e

N Physics-Informed
BRI T-BUBR
WET Neural Network,

H%ﬁ%ﬁ Introduction PINN

&

RA B EIEE
B T HEA et

@‘ﬁ iE'“ Mathematical Framework Validation of model

= \ ay g
W

PR hnechy WERBIRE

Data and linear inverse model Conclusions



T #8:s2sHYTE IR

/Enmﬁﬁﬁ%=fﬁéﬁﬁéw(ﬂwHﬁﬁw?ﬁﬁﬂ\
2B 2 (HH) > AEFUNEEA TR

( predictability desert) ° S2S [&4F N iE A fiiw - KRAESE
AR AR - $25 YT TR £ TR (LA R

RESZHC - JFHEDEE (SST) ~ HIERE ~ B - /BKEE
\ CELURSP O (R - )

I

atmosphere
(weather)

\)

(GMU/COLA

Dirmeyer

L

Predictability

courtesy of Pau

~7 days ~30 days Time

This is figure 3.2 in the report "NOAA Subseasonal and Seasonal
Forecasting Innovation: Plans for the Twenty-First Century". Credit: NOAA
Climate.gov graphic, adapted from original by Paul Dirmeyer.

("s2s FEHRT

KEEEEE - MIO ( BVEERINTES))
. "/)rL Ze 2 L SR g ~ SSW (L5

* / /El%ﬁ{l?ﬁ{q: * ENSO (%EE/}Q%%E)
MBS EEEER - TIEREEE

Ze A\ )
+ 10D ( EIEE AT i )

J

TR AR AR

é W #& ﬁ ﬂmhﬁmgmiﬁm‘ ;
s

...... %

ey
kEES

R W R R

) i@ R 8 I
POD DD DD DDA 2 |
#1712 o~ 81 £30-60%
L,

HE Amz% Azaz% (17 nz:% 73
o o JATEENOEARNG,
‘3"* ﬁi;i' e

CHEVE RO EHH 2L  bREABTAEHMEREY
SEHRAREE REJIBEMER LN

. "X
ERTREEBFARE - AWRENF R MM et
it —d > EUUREHETEGERKE -

ZENBFRRE L

(RE)

https://climate.cwa.gov.tw/ISO

Approximate locations of the MJO centre of col

RMM2

nvection RMM Index phases 1-8

a4

PHASE DEFINED BY RMM1 / RMM2

and Africa

T T
West. Hem.

PHASE &

PHASE 1

PHASE 7

PHASE 2

Western
Pacific

low MJO

Indian
Ocean

PHASE 6

PHASE 3

PHASE 5

PHASE 4

=3

=2

=1

0
RMM1

1

2 3 4



Forecast date

Ensembles (/—-—\\__\Climatology

- E
g e = ~ Met Office Deterministic \ N
forecast s I

(KR ™ e : W
WM © B N TR S \

?a%&“&ﬁﬁtjt RSB SE AR RSAER -

IR P | .
. TTTERAERR | RS AR A TR _ - X

-
A e s i Forecast

HEmiPR A4 2 10 ] 15 K -
o BT RREARRI TR - IR R AETER
\ (Ensemble Forecasting) - sKEEANHEE M - / DISUE A B TR R EhlE  EFML-
Liouville equation =1 & 22 Z 1470 - [ EL#s NWP HY{ES: B MLWP 75 TE ]

1134FA2-12
NEys e of the ROC curie 202310 203 32760 JONGEP 1. HAHERZGE S EAAR 8 - FEHELE KA o L 2R e (

TNER > ARSI -

uncertainty
Schematic representation of an ensemble. Small differences in initial conditions lead to large errors over time ( )

3572@2@2TS 35'(;‘0 35 ov":':ooi_ 35- I RN NN NN 35':\30 3222

33-| o@coocCC0 33- © 33- seeleeeCeCe 33-sleesensssne 33- Celee Oe 00O N = = N e x = N

WIS s, R R (B 2. EUEFRPEEREIRRA TSI > MEKRAERIEIRET - MSET i
29- 2222;; 29- M50 0000t Y B D e 29722_?}5 |Oggg BT (f&"m/)%/)f%%iﬁ) ’ ///JI[_LI}%T =t +WMLEﬁ/J z?jj H‘W c

o oF B P B B B T

=RR =R =k 3. PPERSFIRSLAEIERS EYE © HER SRR R RASF - b
2 desecce | F 2l “lRcl R 2 NH > B REIRYIEERE > B T REER - REL -

21- 10-10.02":‘ 21~4 21::::::::::: 21- i:?ﬁ OH. :-J 21- ©

MiE 5 R CEEES. 4 52 (REMEFE) AR UBERTIE-SAEHE  HIERE
M =g CC ECocO MO CC B0 BN Do O HRRFEBRRS] - (EFEE LA LM AR ZEERAN
wlool il e a0 slicgoien: SRR YERRERRNIR R -

1l-CeCeoessssne 11- © 11- o O::Sv: 11- ‘: 5]

g S e g IO e . RBECAUBIES(: (000) A IBOERIILER (NS HET) - AN
el el e "R R T Eeleche R EE%DEI’J%@HKQW R AR SR R (A1 ERAS) FUAREHEE - TR R A%
el R oRi: el R > el RccRee o A i ffmlfz;’z“ T TEHI S

SH;;i::E " BR-ER ’ :2:'22 N

I b "R W 6. HEREBHEAHEENEL SEYHEESEBRSEIL  ERERERTF - EY

Mngmemaausooz‘;o M?"zTMﬁnnssosoozso MngTM;gM‘sgo‘sgn‘zgo MESLzTnn;gM‘sgn‘sgo‘z‘a}o MngTMw‘M‘BSOsOOZ&ﬂ ﬁ%%ﬂﬁmjﬁgﬁw ﬁ&ﬁ%%ﬁﬁl {Hgﬁ%ﬂnﬂnwggéﬁ{*’ifeﬁﬁﬁjglz%@
HUTVU HUTV U HUTUVU HUTVU HUTV U ,L.\’ﬂ: %@A@mﬁ’&%ﬁﬂiﬁm%ﬁﬁéﬁ

100010M 850 850 250 100010M 850 850 250 100010M 850 850 250 100010M 850 850 250 100010M 850 850 250




AR ETH

O ZRME5iEAE ( Linear Inverse
Model ) saEliimE - | X gy g
BARHEE (W ERKE) DS dt
BB R E T

O %’J #7127\ (Liouville equation) it | %%ETA%ZZ—%
Pl# (PDF) {EAHZEfE] (Phase space) HHYHESEE » B
E#ﬁm%@ 5

Et

 FHZEE] AR

B

v

Joseph Liouville published his foundational work in 1838
detailing what is now known as Liouville's Theorem in
Hamiltonian mechanics and statistical physics.
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47-Day Forecast with Smoothed Liouville Weights (|G|) | Year 2001
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PC Transitions Stratified by Radial Vector Direction and Observed Determinant Threshold
(Total R? across all 1,824 dataset held-out fold: 0.3890)

Outward (Fsep: > Fitep1) | Obs |det(G)| > 1 (n = 511, Subplot R? = 0.184)
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|det(G)| (Arrows: Obs, Symbols: Pred)
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