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Daily Schedule Description

2 PM to 6 PM Mountain Time Hackathon Shared Work Period

5 to 6 PM Slack Open Q & A

Monday-Wednesday 6 PM Mountain Time Submit Team Notebook

Thursday 6 PM Mountain Time Submit 2 Google Slides for Friday Presentation



●

●

●



•

•

•



•

•

•

•

•







•

•





•

•

•

•



•

•

•

Beals et al. 2015
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Hologram in Pacific cumulus, 2015
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Training:
nHolograms = 50,000
nParticles = 50,000

Test and Validation:
nHolograms = 10,000
nParticles = 10,000

Example single-particle synthetic hologram with x, y, z, and D indicated



Training:
nHolograms = 15,000
nParticles = 45,000

Test and Validation:
nHolograms = 5,000
nParticles = 15,000

Example three-particle synthetic hologram with x, y, z, and D indicated
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● ~100 emitted gases but their photochemical 
oxidation in the atmosphere leads to hundreds 
of thousands of volatile products that can 
condense to form organic aerosols
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• Auto-conversion an inverse function of drop number
• Accretion is a mass only function

Balance of these processes (sinks) controls mass and size of cloud drops

Ac = 

Kc=
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1. Run CESM2/CAM6 for two years and 
obtain instantaneous hourly output 

2. Filter and subsample data to find 
grid points with realistic amount of 
cloud water

3. Transform and normalize inputs and 
outputs

4. Train classifier deep neural networks 
to classify zero and non-zero

5. Train regression deep neural 
networks to predict non-zero values

6. Evaluate and interpret neural 
network predictions.



What is El Niño?

● Cycle of warm and cold temperatures in 
the equatorial Pacific Ocean

● Dominant pattern that influences 
seasonal temperature

● Broad implications for climate-sensitive 
sectors, such as energy and agriculture

● How is El Niño measured? Niño3.4 Index
○ Rolling 3-month average of sea 

surface temperatures in the 
equatorial Pacific

Source: National Oceanic and Atmospheric Administration

Equatorial Pacific Ocean with abnormally 
warm temperature: El Niño event



Learning to forecast El Niño

What is the current state of the art?
● Most ENSO forecasts are issued by weather 

centers, who run physics-based models

Why use neural networks?
● Potential for more accurate forecasts?
● Lighter computational cost during inference
● Challenge: limited historical observations 

to use as training data for a neural network
● Solution: train on simulated climate data 

from Atmosphere-Ocean General 
Circulation Models (AOGCMs) 



What questions will we explore during the hackathon?

● Data: How does an increase in data 
affect the performance of machine 
learning?

● Validation: how can we ensure that we 
validate the model rigorously?

● Ensembling: What combination of 
models and training schemes creates 
the best forecasts?

● Lead time: How far ahead can machine 
learning make skillful predictions?

● Extendability: Can we use our neural 
network architecture to forecast 
temperatures on land?



What might the forecasts look like? (4 month lead time)

SEAS5: seasonal forecasting model from the European Center for Medium-range Weather Forecasts
CNN+LSTM: a deep learning architecture designed to learn from spatial and time series data

CNN+LSTM



There’s still work to do on ENSO forecasting!

● Why work on this problem?

● Deep learning’s performance at 
extreme values of the Niño3.4 
index still has room for 
improvement!

CNN+LSTM
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