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PR HERBRICEDCEBRI 2TV, REELURICHEETEDND S
OREATEEVIMILA b= DEMIEETVE L, BICH
REMMIOEEShDIFRARE. 2ET—2ES L VFATELR
&Y Y—R (%I GPUETEM) H 5. Vision Transformer &~
—RELIERBETILERETSELELFEL, -, BET
FILER—RELTAHAW =W D2HIDFHEBROERE,I S, HIF
BIZBIT2EFEDEHELT, ETILOBELEFABEDONL
— R4 D EEBURLEFEANDMRERFA TSI ELFEL
Fl, ETILDREEICEVWTRBRELRRVFI—I T—2DRHE
FUHEBEITV., EHOEBMTABLELE,

2. CNETOELEHE

2020 ELIBIZRER SNz 21 HOBEERXHN L, FETIICE
WTRHWLWORTWSEREMN MHEEFE. 7—FTIF v 0l
g, REEHE) PEAT—4ty N (DEE. BERHEGE
&), FHEEZICMA THERSTE ) VX OEEBRREZARMIC
HEL. ARBROBEICMA THHETVELZ, TOHE. X
FEELRICHAREZEDIREBETLIOMATELT, RIS
KT &SI, Swin Transformer D > FILigiEEE £ D Vision
Transformer IZHIA C.RMRICEFEMEEZE T HEARAA =21 —T
Ly b= E2ERKNBET—XTIOFrE L. KRBHBTT—
ADEEL 8 DOYEE | BEIRAT Y TODHEANS LU A
EELTEOECEREDETIVLET 2AMMNEEY E L1,

Ffz. ANBOLEHEMHEICET 2T L FHEBREZEBRLEL
f=o #I2. BBEETIL (ClimaX) D& SITEANTHE 1 DDOK
REBICEBI 7 I0—FIZHL T, B 1 ISFT&LSI1Z, BF
BICEBORRERICEBIT 2FEERELEL. MIEET
LERAWFHREBROKR., BEFELEBLTETILONS A
—AEH S0EIB LoD FABEEM LS ES T LITEIIL
F Ll T, ETLHERBICEBEDOR UV FI—H9T—2ELT. R
EREFRICBVTAVLGND A YRS —LETIL MM IZHIZ .

BV Rr—Y VI RAKKEHENT—4 DSIRA-55 [2LBT—4
Ty FDERETVELE

®1: TOr24 TRRICETIRMFEEFE. EREWE LUV
ZET—4 (—ER

| Component __[petail _____________

ML architecture CNN (Attention R2U-Net), Vision Transformer (Swin Transformer)
Loss function Latitude-Weighted MSE, Pressure-weighed loss, MAE, CRPS
Z-score normalization for each 2D data

3D:U,V,T,Q,RH,Z
2D: U10m, V10m, T2m, MSLP, Total precipitation (TP), OLR
Fixed: Sea/land, Geopotential height

Preprocessing
Input variables

Output variables Same as input (excluding fixed variables) -> Precipitation
Pressure level 13 level

Temporalresolution 1h,3h,6h,24h

Forecasting approach Direct forecasting, Continuous forecasting, Iterative forecasting
GPV-MSM, DSIRAS55

Base model + Fine-tuning (precipitation)

Training data
Training approach

ClimaX Ours
V variables V variables
~ VA - VA
::N_i —
, I 1 -1
Attention and FFN i -

xdepth ;
xdepth

K1: BEEETI (ClimaX) EREFZRICEFTIANEHOEN
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Convolutional Network ZZEZHEL. KEHIHIZET S
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FZ122024 EEICHEITHREAT, LYN—FEORMH TR
FMRBAZOFREMERAEL . MHNGEREF{LIZLICOHEN
S2TWEYT (B2), y—FIIVE—RREERAWNV:7IA—FT
X, V=TI UE— FRBOFME— FORERAVE-SKIERD
BERTIEEMERAELEL, S5ICE. RET—2~OFAT

Arnoldi-type method
* Rowley et al. (2009)
+ Companion matrix-based
+ Initially applied to fluid data

Convolutional autoencoder
Input encoder

oo -

decoder output

~@e

> () —s Dy

Original method
+  Schmid (2009)
* SVD and POD-based
* Initially applied to fluid data

Exact method
* Tuetal (2013)
¢ SVD-based
*  Widely used in literature

Prony method
* Susuki & Mezic (2016)
* Hankel matrix-based
* Delay embedding utilized

Kernel-based method
*  Williams et al. (2014); Kawahara (2016)
* Gaussian kernel normally used
* Applied to SST data in Navarra et al (2021)

Sparsity-based method
*  Jovanovic et al. (2014)
+ LI norm-based penalization
* Initially applied to fluid data
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LR EZ—EEFTT S ETELEEMONRZEALEL
fzo TNER—NR—OVE21—2EELTETTEELLSICERER
EFEL, HEEToEHEELTOLENSGHRIIDOVWTERE
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FKRENZ K LDERDERSINFE LN, RELTBEEEZD
MEDPBFEIHRFEHERINTLET, SSHICATRITEKEN
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ETINATREZELE-FROERNAREICHEYEST, REE
DL EmELRELRGEL. PRSELICERYVBAES,
HEOSRIEIZOVWTIE, RFOEMEMEHRAEL. REETIL -
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BREBYELE, COZENSFEOBEMLELTIK. RAT
47 (x) LHFHLTWET, F-QOEEME - BEESHTT
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