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“Climate is what you expect, Weather is what you get”

--- American science fiction author Robert Heinlein
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Climate Service is

WMO, 2009

The provision and use of climate data, information and knowledge to assist decision-
making.

AMS council 2012

Scientifically based information and products that enhance users’ knowledge and
understanding about the impacts of climate on their decisions and actions.

A Federal Framework and Action Plan for Climate Services, 2023

Scientifically-based, usable information and products that enhance knowledge and
understanding about the impacts of climate change on potential decisions and actions.
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Machine Learning Weather Prediction Model (MLWP)
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199101 Precipitation

WRF M04, 3-km r forecast SST Anomaly: 1997-01-01

03-hr fe
Initial at 1200 UTC 31 May 2017 Valid at 1500 UTC 31 May 2017
Maximum dBZ / 10-m winds (knots)
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Regional weather Global weather - Extended weather (S2S) Short-term climate
* CWA RWRF (13 hours) * CWA TGFS (16 days) * CWA GEPSv2 (45 days) * CWACFSv2 (9 months)
* CWA CEPS (13 hours) (Global-25km) (Global-28km + RSM-5km) (Global-55km + RSM-12km)
« CWA WREFD (5 days) * 21 members * 30 members/month

 CWA TWRF (5 days) _
- CWA WEPS (5 days) Seamless forecast guidance ranges to seasonal outlook
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Looking at the MLWP model forecasts

* All the MLWP models can predict the genesis of Typhoon Doksuri
with ~5 days lead time //

Typhoon NN
Doksuri (2023)

NCEP GFS forecast GFS IC; Pangu-Weather,

NCEP

vald:23071500

init:23071500

35°N

Pangu_NCEP

vald:23071500

init:23071500

2

GraphCast,

GraphCast_NCEP

vald:23071500

init:23071500

<

FourCastNet 2

FCN2_NCEP

init:23071500
vald:23071500
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Prototype Development of Al Models for Taiwan Region

~——  Training set —— Motivation and Objectives

R D — o * High-resolution MLWP model for Taiwan based on RWRF data.
10 KM % ) "%: / » Addressing the limitations of global MLWP models in predicting rainfall and
o 4 severe weather intensity.
n, NTU)
1% ,
e
y gl) =Y .
; %l T T T ST TS o ZU TaimrmmTy varriapTeS
:E - 53/] ds}g\ 1 e 2022-09-11 00Z Wind@850 Hpa % Init: 2022-09-11 00Z Fcst: +00H

2017, 2020-2022 (4 years)

Time Period
e Jun.-Oct. (5 months)

Train:Valid:Test 8109:2703:2703=3:111
Tir‘n:e Resolution 1hr
Spacial Resolution 2kmBRE4km
I/o input: t=0, output: t+1 hr
UV, TZ

25 variables @ 200, 500, 700, 850 ,925,1000

radar @ surface
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Encoder-Decoder with multi-head Attention for auxiliary channels (EDA) model

Input

Input

N — Output

b
—u\+ )

(8z1'9z1'a)
(8z1'9z1'a)

(8z1'9z1'a)
(8z1'9z)1'a)

ERAS

Rainfall a > Rakinfa”
‘ | at 5 km

; e s
E =]
V 1 :°: Concatenation pe
“o L
(b, 14,9, 1) = T Z
at 25 kl I | Topology[ ]
Data z

L
Fully Connected Dropout ye Upsampling I ruth ]
Layer Layer ormalization (Subpixel)
' L L]
—— Gridded rainfall at 5km
Au o Activation Convolutional rl r I n
ttention
Layer Layer

Wang, Y.-C., Chiang, C.-H., Su, C.-J., Wang, K.-C., Tseng, W.-L., Chen, C.-T., and Liang, H.-C.: Using Multi-Head
Attention Deep Neural Network for Bias Correction and Downscaling for Daily Rainfall Pattern of a Subtropical Island,
EGUsphere [preprint], https://doi.org/10.5194/egusphere-2024-1022, 2024.



EDA is better than BCSD both in magnitude and distribution
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OBS Rainfall seasonal Mean

w7

Winter Spring Winter

meanr
testdata

25N 26N

24N 24N

[£&wp /o]

Spring Spring

meanr
meanr testdata

testdata

25N 25N

(=R R

22N

22N 22N

120E 120.5E 121E 1216E 12 120E 1208E 121E 121L.5E 12 0E 120.5E 121E 12158 L2 0E 1205E 121E 121.5F L22E

120E 120.5F 121E 121.6E 122 12 120E 120.5E 131E 1216E 122E 120E 1205E 121E 1216F 122

(b)




UNet L E
4t ElY
regression |

Forward SDE (data — noise)

= fr f(r,t)dt + g(t)dw ——fr(T

@1—1& [£(r, t) — g*(t)V, log py (r|y)]dt + gt dv»—@

%mjﬂﬁ Syt m ® $Eﬂ mﬂm‘/ Reverse SDE (noise — data)

Figure 1 of Mardani et al. (2024)

BRYFES
GIobaI data: ERA5 reanalysis
e 25-km resolution
 850-hPa and 500 hPa U, V, T, height,
 U10, V10, T2, column water vapor

Regional data: CWA RWRF analysis
e 2-km resolution
 U10, V10, T2, maximum radar reflectivity
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Corrector Diffusion (CorrDiff, Cooperate with NVIDIA) e



Generative Correction Diffusion Model (CorrDiff, NVIDIA)

10-m Wind Speed (TGFS and CorrDiff downscale TGFS)
Initial Time:2024072206 Forecast Hour: 000

=R WS
10-m Wind Speed (TGFS and CorrDiff downscale TGFS)
Initial Time:2024072206 Forecast Hour: 000

] T
2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
Wind Speed (m/s)

Current Limitation:
® Limited training RWRF data (only 4 years)

< - ® No direct precipitation output

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56

Wind Spoed (m/) ® Terrain effects not included
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Experimental Design

Data Preparation° [Training ° Testing J ° Inference
AN

ERA5S — .
(25km) CorrDiff

® Incorporate topography
TReAD — r ' - information into the latent
(2km) (Optlmlzmg) _ Improving K layer

® Apply attention mechanism

Training Data

PRECIP, T2M, U10M, V10M, MSLP,

1991-2015 2016-2023 PRECIP, T2M,
ERAS 25 km PRECIP T/Z/U/V (850/925 /1000
(24-years) (8-years) U10M, V1OM
hPa ), Q850
PRECIP, T2M, U10M, V10M,
TReAD 2 km 1991-2015 2016-2023 PRECIP PRECIP

RH2M, SLP, TMAX2M, TMIN2M

31

Dynamically downscaling using WRF model from ERAS re-analysis



Taiwan Re-Analysis Downscaling (TReAD) Data

Dynamically downscaling using WRF model from ERA5 re-analysis
« 2-kilometer resolution, hourly output

« Period: 1979 - 2023. (45 years) https://data.depositario/en/dataset/tread

TReAD Data

« Dynamic consistent with model state variables
Strengths

« Well resolve the impact of high resolution terrain over 45 years

Limitations « WRF dynamic downscale, not ground truth

32
L.-Y. Lin, et al, 2022:The taiwan climate change projection information and adaptation knowledge platform (TCCIP): A decade of climate research. Water, 14(358)




Error (RRMSE) decreases with training cycle @

Precipitation (107%) T2M (107°) WS (1073)
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= CorrDiff Precipitation Downscaling &

3D2ALL>3D2P>Surface2P>P2P
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Wind field at 10 meter Wind field at 10 meter
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Launched in 2022 by United Nations Secretary-General, Anténio Guterres
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Thank you for the listening
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