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Predicting Environmental Hazards: Where Data 
Science and Computing Meet

• The Challenge
• Predicting Across Time Scales

• Wx – Sub-seasonal – Seasonal – Multi-year – Decadal
• Disruptors

• Advances in Computing Power
• Data Science Innovation





1980-2020 Year-to-Date Billion Dollar Disaster Events



Decadal forecasts
predictability comes for subsurface 
ocean and evolving atmospheric 
composition (CO2)

5-yrs

Multi-Year forecasts
predictability comes for subsurface 
ocean, land surface, sea-ice, land ice

13-36 months

Prediction Across Time-Scales



Weather and 
Climate Model

Just the Atmosphere



El Niño

La Niña

Ex: Seasonal Forecasts
Sea Surface Temperature Anomaly

Sea Surface Temperature Anomaly

Ensemble Precipitation Forecast







UM Leads a Multi-Agency, Multi-Institutional 
Effort to Improve NOAA Seasonal 
Operational Forecasts (2015)

Predicting Seasonal Environmental Hazards





NMME Operational Seasonal Forecasts



Montecito California: January 8th 2018 Montecito California: January 25th 2018



Improving Forecasts of Sub-Seasonal Flood Risk

UM-RSMAS Leads a Multi-
Agency, Multi-Institutional 
Effort to Improve NOAA Sub-
Seasonal Operational 
Forecasts

Montecito California: January 8th 2018 Montecito California: January 25th 2018

SubX-RSMAS: Montecito 3-Week Lead Flood 
Forecast Valid Week Ending Jan. 12, 2018



Week 3-4 Forecast: Valid 
2-Weeks Ending July 31

Week 3-4 Forecast: Valid 
2-Weeks Ending Aug. 7

UM Led Sub-Seasonal 
Prediction Experiment 

(SubX)
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Standard climate simulation






University of Miami’s climate 
simulation






Rainfall: HRC, and LRC

Rainfall: Observational 
Estimate



HRC

Natural Decadal Variability

OBS

LRC



Kuroshio Extension and Western North American Rainfall



Predicting Coastal Flood Risk From Days to Decades

High Resolution Coupled 
Model Simulation: 
Correlation Miami SSH vs. 
Surface Current Speed



ICAS: Machine Learning and Data Drive HPC @ NCAR

• Models are implemented in 
complex “one-off” code.

• Machine learning software 
implemented in reusable code. 

• Model algorithms are at odds with 
computer architectural trends.

• Data is a problem.

• Machine learning is well aligned 
with architectural trends.

• Data is still a problem, but 
with machine learning it is 
also an opportunity.

Traditional models Machine learning

Traditional vs. Data Science Approach



Random Forest and Neural Network Algorithms



Pure Data Science Approach: Atmospheric Rivers Example

Observational Estimate

Traditional Model

Convolutional NN



Combining Data Science with Traditional 
Model: Harder but More Versatile



ICAS: Machine Learning and Data Drive HPC @ NCAR

Machine learning: Is this Science 3.0?

Domain 
Science

Machine 
Learning 

HPC
Modeling 
Expertise

Is this a New Way of Doing and Teaching Science?

Emerging Data Science Academic Programs Based on Expertise Demand



SubX and NMME Real-Time Forecasts
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