FRONTIER
DEVELOPMENT ‘
LAB

EARTH SCIENCE

FDL 2020

Predicting Severe Storms 5
with ML and GLM e

LOCKHEED MARTIN

September 9, 2020

MAYO

Google Cloud =USGS (['—I.]TE—’)‘ s JOE A 4 IMIT Portugal i@ IE% Anvioia (pinet OET]
U3}




FRONTIER

DEVELOPMENT
LAB
: EARTH SCIENCE
FDL 2020
e Al accelerator lab
e SETI institute and NASA
e 8 week research sprint Y
e Unites Machine Learning o
Engineers with Domain Specialists LOCKHEED MARTIN

o MAYO. — - 2
Goog|e Cloud =USGS (['—I.\;_?]—’) waensonss =9\ % NIT Portugal '® :E5. <AnviDiA @ne" cETI




Ivan Venzor-Cardenas " Maria Molina

f
Marek Slipski *

With help from:
Bennie Lewis
Adwait Sahasrabhojanee

Greg Senay

Mark Cheung ! - Clem Tillier

MAYO

/FDL e GoogleCloud EUSES (I @i R ovoowinnt Mo @D IBH @nvom G 2T
/ TAY b 3!




PROBLEM: Can we use GLM observations and machine learning to improve
predictions of severe thunderstorms?

APPROACH:
1. Time-series convolutional-kernel model 2. Recurrent spatial-temporal model
using gridded GLM quantities. using GLM and ABI (Channel 13)
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Transform (Dempster et al. 2020)

Fast Time Series Classification

Convolutional kernel as a transform
o Random length

o Dilation

o Padding

o Bias
Transformation input to classifier
Single layer

/ frequency
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Project
Pikajoule Using ROCKET, we create features from convolutions of GLM time
series data and train a classifier to predict if a severe event occurred.

Flash extent density
Total energy

Data: Spring 2019, central plains

Normalized

Null: Warning issued, but no severe quantity
event within 24 hours

60 minutes prior to severe event

: Reported tornado or hail

event. Classifier

10,000 I

convolutions Non-severe
15 min lead time
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State of

Results the Art

(National Weather

Project Service, Cintineo
Pikajoule et al. 2018)
Lead time 15 min > 15 min
Central US
Coverage (1,000 km CONUS
x 800 km)
Critical Success Index (CS) False Alarm Ratio (FAR) Period Mar-Jdun 2019 k/l/l ay_lgu' 2014,
[Higher is better] [Lower is better] ar-Dec 2016

] ] csl 0.49* ~0.35

E B FAR 0.41* ~0.55

*Mean of 100 trained models
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15 min nowcasting lead time

8 GLM lightning time series derived quantities

Reduced false alarms for warned thunderstorms

Correctly classified tornadoes and severe hail reports

These results suggest we can enhance and refine this work to aid
in forecasting severe events
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Project
Pikajoule Work in progress: Predicting spatial probability maps of severe events

using a convolutional neural network

Video Frame Prediction
e Encoder ConvGRU Decoder
o Encoder - feature
extraction
o ConvGRU - temporal
context
o Decoder - original image
e Examine 30min before and after
severe event , ) . .
Predicted ©8iGround Truth Prior (5min)

o . .
Train 100 video Segments Frame Convolutional Neural Network using lightning

e Testi5 observations, cloud-top temperatures, and severe
weather reports
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