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Presenting the work of many people

https://arxiv.org/abs/2005.08748 — https://github.com/spcl/deep-weather

https://arxiv.org/abs/2005.08748
https://github.com/spcl/deep-weather
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Weather Uncertainty

Weather is a chaotic process

Source: MeteoSwiss app
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Ensemble Prediction System

Cheap post-processing methods: EMOS & BMA

Simple neural networks [Rasp & Lerch 2018]

Post-process

Source: ECMWF
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Deep Learning for Post-Processing

Use complex neural networks!
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Z @ 500 hPa

T Temperature

Z Geopotential

U U component of wind

V V component of wind
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ERA5 / ENS10

BN, 3x3 conv, ReLU

2x2 max pooling

Upscale 3x3 conv, ReLU

1x1 LCN
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Inception-style UQ network
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Post-process



spcl.inf.ethz.ch

@spcl_eth

6

Datasets

ENS10

ERA5

• Re-forecast (hindcast) dataset
• 10-member ensemble + control
• 0.5° latitude / longitude resolution
• 1999 – 2017
• 2/week, 0h, 24h, 48h lead time
• Training data

• Re-analysis dataset
• 1 trajectory (mean)
• 0.5° latitude / longitude resolution
• 1979 – present
• Hourly
• Ground-truth data
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Data selection
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Data Preprocessing
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Local Area Standardization

T850 mean T850 standard deviation
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Training Neural Networks

BN, 3x3 conv, ReLU

2x2 max pooling

Upscale 3x3 conv, ReLU

1x1 LCN

Copy and concatenate
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𝑓(𝑥)

Layer-wise parameter update (backpropagation)Inputs Prediction Ground
Truth

𝑓 𝑥 : 𝑋 → 𝑌

network structure
(fixed)

weights 𝑤
(learned)

𝑤∗ = argmin𝑤∈ℝ𝑑 𝔼𝑥~𝒟 ℓ 𝑤, 𝑥

ℓ𝑠𝑞 𝑤, 𝑥 = 𝑓 𝑥 − 𝑙 𝑥
2

Stochastic gradient descent
• Momentum
• AdaGrad
• Adam
• …
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Uncertainty Quantification (UQ) Network

iNWP Post-Processing Inception Style Layer i Prediction Combination
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Bias Correction (BC) Network

BN, 3x3 conv, ReLU

2x2 max pooling

Upscale 3x3 conv, ReLU

1x1 LCN

Copy and concatenate
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Metrics

Mean Squared Error (MSE)

Root Mean Squared Error (RMSE)

Structural Similarity Index Measure (SSIM)

Continuous Ranked Probability Score (CRPS)

Continuous Ranked Probability Score Skill (CRPSS)

Source: scikit-image.org

CRPS 𝐹, 𝑦 = න
−∞

∞

𝐹 𝑥 − 1𝑥>𝑦
2
𝑑𝑥

CRPSS CRPS𝑝𝑟𝑒𝑑 , CRPS𝑜𝑟𝑖𝑔 = 1 −
CRPS𝑝𝑟𝑒𝑑
CRPS𝑜𝑟𝑖𝑔
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Evaluation – Global RMSE

Spread Bias

T850 Z500 T850 Z500
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Evaluation – Ablations

3 4 5 6 7 8 9 Lin w/ 5 UQ w/ 3 UQ w/ 4 UQ w/ 5

Abs. 0.35 0.28 0.23 0.19 0.15 0.11 0.07 0.21 0.26 0.23 0.19

Rel. 8.9% 26.6% 18.7% 16.4%

Spread – Number of trajectories for T850

Trajectories

Lin w/ 10 Level 0 Level 0-1 Level 0-2 Level 0
+ LCN

Level 0-1
+ LCN

Level 0-2
+ LCN

Level 0-1
+ LCN + 𝓵𝟏

T850 4.8% 6.3% 7.1% 6.7% 7.6% 7.7% 7.6% 7.9%

Z500 2.1% 1.2% 1.6% 1.0% 2.6% 2.5% 2.4% 2.3%

Bias correction – Relative improvement for U-Net variants
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Evaluation – PDF Calibration

T850 Z500 General Improvement
(CRPSS)

T850 Z500

10 traj. 0.1098 0.0756

5 traj. 0.1458 0.1074

EMOS5 for T850: 0.055Lo
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Higher is better!
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Evaluation – Extreme Weather

Cold front over E & SE Asia (24 Jan 2016)

10 trajectory CRPS 5 trajectories
compared to 10 trajectories

Calibrated UQ+BN nets w/ 5 trajectories
compared to 10 trajectories

Overall CRPSS Improvement: 0.195
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Conclusions

More results in our paper!

https://arxiv.org/abs/2005.08748 — https://github.com/spcl/deep-weather

https://arxiv.org/abs/2005.08748
https://github.com/spcl/deep-weather
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