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Weather Uncertainty

Weather is a chaotic process

ECMWF Ens. (0—120h only), init: 2019082912, ALO5 Dorian color = max wind (kt)
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Ensemble Prediction System

Cheap post-processing methods: EMOS & BMA
Simple neural networks [Rasp & Lerch 2018]
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Deep Learning for Post-Processing

Use complex neural networks!
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Datasets

ENS10 ECMWF HRES 0.5°: Temperature at 850 hPa (°C)
Init: Mon, 25 Feb 2019 00 UTC Valid: Wed, 27 Feb 2019 00 UTC

Forecast +048H

* Re-forecast (hindcast) dataset

* 10-member ensemble + control

* 0.5° latitude / longitude resolution
e 1999 - 2017

» 2/week, Oh, 24h, 48h lead time

* Training data

* Re-analysis dataset

e 1 trajectory (mean)

* 0.5° latitude / longitude resolution
* 1979 - present

* Hourly

* Ground-truth data
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Data selection

720 Longitudinal points

361 Latitudinal points

1 Pressure level: 500/850hPa
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Data Preprocessing
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Local Area Standardization

Moving mean/std filter
_,," Reduced mean/std map

A

Blurred mean/std map

Measurements
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Training Neural Networks
f(x)
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Inputs Layer-wise parameter update (backpropagation) Prediction G_It:)uti?‘d
f(x):X->Y Stochastic gradient descent £sq(W, x) = (f(x) _ l(x))z

/ \ * Momentum

) - * AdaGrad
networ. structure weights w e Adam
(fixed) (learned)

w* = argmin, cpa Exp[f(w, x)]
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Uncertainty Quantification (UQ) Network

NWP Spreads

Controlled Trajectory

Spread Prediction

11
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Bias Correction (BC) Network

| Level 0 D HD =

32+32 32 32 7 1
ERAS reanalysis: T=0 T /

Mean of ENS: T=48
AT A, A Level 1 LA .

361x720

Upscale 3x3 conv, ReLU

2x2 max pooling
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Locally Connected Network
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Metrics

Mean Squared Error (MSE)

Root Mean Squared Error (RMSE)

Structural Similarity Index Measure (SSIM)
Continuous Ranked Probability Score (CRPS)
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Evaluation — Global RMSE

Bias

Spread
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Evaluation — Ablations

Spread — Number of trajectories for T850

Trajectories

34 |5 6 |7 18 |9

035 0.28 0.23 0.19 0.15 0.11 0.07

Bias correction — Relative improvement for U-Net variants

Lin w/ 10

T850 4.8%
2.1%
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Evaluation — PDF Calibration

T850 2500 General Improvement
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Evaluation — Extreme Weather

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

0.0 2.5 5.0 1.5 10.0 —2 -1 0 1 2 -2 = 0 1 2

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

Overall CRPSS Improvement: 0.195
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Conclusions

Deep Learning for Post-Processing Datasets Evaluation — PDF Calibration
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More results in our paper!

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