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What you will get today

> Why Do We Need Al Downscaling?(BEEE AlI[RRE ?)
- Al Downscaling for Climate Analysis

» How Can We Help Al Truly Learn Meteorological-Signals?
(Al ERNEBIRRAR?)
- Signal Matters — STAR-N (RFZEEEIE#(L)

> An Al Downscaling Mode! Designed for Taiwan
(BEEMRTH Al FREED)
- Physics Matters — MISR (S BB S BETE)

> How Can We Use Al Downscaling Tools in the Future?

ETR, BAALUVEREFERARRETIR?)
- From “Data” to “Applications”




Why Do We Need “ Al Downscaling”?
(BHEEE “AIBRE”?)

1. Scale gap of Climate data issue

Scale gaps

. Datawhat
4 we need!

Data from
global models

Downscaling

2. The challenge of computational efficiericy

Generate 10 yr’s e =1 ‘Slow Generate 10 yr's
daily data (@A e < daily data
~8hrs - = L < 4 sec

. =

> 3. The challenge of storage capacity

Single var. for
300km resolution
~ 1X

Single var. for
1.2kim resolution
~ 600X
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Why Do We Need “AlI’ Downscaling?
(BHEEE ‘A" ERE?)

> Can be used for downscaling of various types
(observations or simulations)of raw data ("] F

REFEEENRKRAER)

» Reducing Errors from Arbitrary Assumptions
(Rt D NSRBRERERE)

> Introducing more physical'information to the
Al model (MAEZYIEEIR)

» Continuously, and rapidly updated Al models
(e ER B EE )
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How Can We Help Al Truly Learn Meteorological Signals?

(AnfEEAl BB B R RS
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Spatial-Temporal Adaptlve Rescaling Normalization

(STAR-N/BFZEE

HREIRAEL )

Temp (°C)

Taiwan Spatially-Avg. T2MEAN Annual Cycle (1980~2020)
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Capable for fine-scale features (45 ;5 RiT) Al models converge faster (K#ER)
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An Al Downscaling Model Designed for Taiwan
(BaEmEEti Al BERERE)

. Steep and varied terrain - large spatial
variability
(Bt ERTRERMEX)

2. Significantly influenced by seasonal
synoptic-scale weather systems - large
temporal variability

(R B ES B OHFREEENERX)

Extremely high spatiotemporal variability in
meteorological parameters
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A Multivariable Integrated Super-Resolution Framework

(ZEHABESERTEREESR)

Layer 1 Hidden L1 Layer 2 Hidden L2
(b) 64 Filters RelU 32 Filters RelLU
9x9 Kernel Activations 1x1 Kernel Activations
R CSEERE HEEE [ -] | VY Layer 3
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L1: 31168 trainable params L2: 2080 trainable params L3: 801 trainable params

output shape: (36,36,64)
Patch extraction Eglelelel=lg

output shape: (36,36,32)

Non-linear mappings [Kelleelel=1g

output shape: (36,36,1)
Reconstruction

Input raw 2019-08-10

total RMSE: 0.448
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The advantage of the stacking
framework (HEEXERHES)

One Layer

Two Layers

Three Layers

Case: 2019-08-10

25km |

_skm

2.5km




How Can We Use Al Downscaling Tools in the Future?
(BEMrI VB FERAIRERETA??)

> Establishing Large Climate Projection Ensembles o

(BRAHIRN R R RERGRR)

» Driving Digital Twin Earths - Decision-Making
Visualization

(FI BB Bk SRR LR R TR B L)

> Extreme Weather Risk in'a: Changing Climate -
Uncertainty & Decision-Qriented Projections
(RIRESE T &inm K 5w m B R R )

» High~Resolution Climate Impact & Risk Assessment -
Critical Thresholds & Downstream Applications

(= B4R BE S (5 1B B2 B o B 3141 )
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Reconstructing Long-Term High-Resolution Meteorological
Data through a Al-based Framework

Phase 1: Data Preprocessing & Phase 2: Hybrid Dynamic Covariance Phase 3: Physics-Constrained MISR
Environmental Feature Extraction Estimation & Low-Res Gridding Super-Resolutionn Downscaling
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