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V= Verisk-

Physically Consistent Statistical Downscaling of Climate
Variables is Crucial for Extreme Weather Projections

> 9 )

Accurate estimation of Reliable risk assessment Realistic climate
extreme events at sub-km scale projections

Deterministic regression-based downscaling Generative diffusion models
A Computationally efficient during inference A Can generate stochastic fine scale features
V¥ Misses fine-scale features (spectral bias) V¥ Are computationally expensive at inference

V¥ Does not capture extremes accurately when trained end-to-end
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Temporal Attention Unit Enhanced Diffusion Model (TAUDiff)

Temporal history conditioned mean field model + correction-diffusion architecture

/ Training input Testing input \ Reverse diffusion for correction
ERAS5 wavelet filtered Quantile mapped CAM4
rk —> i —» Ty —> 1 —> e —> 1y
f'ﬁ;‘x‘
’ & rx = N(0,0I) Pr(ri-1|7r, u(tn), ok) 70 A WERAS — Uppas
k Representative vorticity snaps Denoising score function model
p ™ Dy(ry,u,0) ~ p
Deterministic mean model
- v | ) o(tn) | u(tn)
Translator m | J T
Channel attention
TAU
> CAU > s
Spatial Spatial L e
— Encoder Decoder Spatial Spatial r (t )
| Encoder Decoder - k=1\"n
Denoised output at step k-1
J \ P P 4

Mean field model (deterministic large-scale features) Correction-diffusion model (stochastic fine-scale features)
TAU: Temporal Attention Unit CAU: Channel Attention Unit
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TAUDIff Validation

Wavelet filtered ERAS data downscaling
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TAUDIff Validation
Wavelet filtered ERAS data downscaling

ERAS wavelet filtered

Mean model ERAS

Spatial spectrum

ERAS End-to-End diffusion
10-"1 ERAS - Wavelet Filtered = = = = TAUDIff
< 10725 « Fronts and waves dynamically consistent
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1074 « Full ERAS spatiotemporal spectral recovery obtained
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TAUDIff Validation
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Wavelet filtered ERAS data downscaling

ERAS wavelet filtered

European domain and
locations considered
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Fronts and waves dynamically consistent
Full ERAS spatiotemporal spectral recovery obtained

Pointwise statistics and correlations consistent with reanalysis
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TAUDiff Validation
Wavelet filtered ERAS data downscaling

@ Denmark Strait @ Bergen ® Milan @® Pafos
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« Fronts and waves dynamically consistent

« Full ERAS spatiotemporal spectral recovery obtained

« Pointwise statistics and correlations consistent with reanalysis
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ML Pipeline for Downscaling Physics based GCM Simulations
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©Verisk Analytics, Inc. All rights reserved. 19



V= Verisk-
ML Pipeline for Downscaling Physics based GCM Simulations
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ML Pipeline for Downscaling Physics based GCM Simulations
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TAUDIff Testing
GCM data downscaling
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TAUDIff Testing
GCM data downscaling

Bias-corrected and downscaled
Raw CAM4 CAM4 (TAUDiff)
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« CAMA4 chosen as the GCM (~100 km resolution)

» Bias-corrected CAM4 downscaled to ~25 km with full spectral recovery over European region



TAUDIff Testing
GCM data downscaling
ERA5 Raw CAM4  —~~ CAM4 downscaled
Bergen Milan Pafos
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« CAM4 chosen as the GCM (~100 km resolution)
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« Bias-corrected CAM4 downscaled to ~25 km with full spectral recovery over European region

* Pointwise statistics and local storm counts agree well with reanalysis.
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TAUDIff Testing
GCM data downscaling
—— ERA5 Raw CAM4 ~~~ CAM4 downscaled
x10* Bergen x10* Milan x10*  Pafos
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« CAM4 chosen as the GCM (~100 km resolution)
« Bias-corrected CAM4 downscaled to ~25 km with full spectral recovery over European region

* Pointwise statistics and local storm counts agree well with reanalysis.
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TAUDIff Testing
GCM data downscaling

CAM4 downscaled
(TAUDIff ) | ERAD reference
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« CAM4 chosen as the GCM (~100 km resolution)

» Bias-corrected CAM4 downscaled to ~25 km with full spectral recovery over European region

» Pointwise statistics and local storm counts agree well with reanalysis.

©Verisk Analytics, Inc. All rights reserved. 26



V= Verisk
Conclusions

Video-prediction inspired model
for dynamically consistent downscaling of climate variables

Remarkable performance on extreme events
with full spectral recovery and pointwise statistics

Much smaller (100x) correction-diffusion model
versus O(100M) models often used in literature

Faster inference (2.5x), lower memory and carbon footprint
as compared to an end-to-end diffusion model
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