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Beautifully Powerful but Deadly
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Where We Were in the Late 1970s/Early 
1980s

Courtesy NSSL



Courtesy R. Wilhelmson, University of Illinois
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“The Atmosphere Finally Did What the Model Had Been Doing for a Long Time!”    
– R. Wilhelmson

Wilhelmson and Klemp (1981)

Observations Simulation

An Intriguing Notion and an Inspiration
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1986
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Enter Doug Lilly at OU



We had 3D Storm Models

Klemp et al. (1981)Courtesy R. Wilhelmson, University of Illinois



Computing Was on the Right 
Trajectory 



NEXRAD Was on the Horizon



Networking Was Expanding



A Crazy Question:  1988

. . . explicitly predict this

type of weather?

Can computer forecast

model technology. . .



Then Came the Opportunity to Pull 
Everything Together…

4 pages



And We Went for it…



Theory and Simple Models Said this was 
IMPOSSIBLE



Center for Analysis and 
Prediction of Storms

One of the first 11 NSF Science and 
Technology Centers created in 1989 

Mission:  

– To demonstrate the practicability of 
numerically predicting high-impact storm-scale 
weather with an emphasis on deep convection

“Graduated” in 2000, continues to operate 
today via various funding sources (33 
years later)



Getting the Necessary Data

To Numerically Predict 

These…

…We Need Observations 

on Scales Much Finer

Than These!



The Potential Solution: NEXRAD 
(1994)



The Challenge With Doppler 
Radar

The radar observes ...
– one (radial) wind component
– precipitation intensity

The model needs...
– 3 wind components
– Temperature
– Humidity
– Pressure
– Water substance (6-10 fields)
– Turbulence
– Many other variables….

Real

Wind

observed

component



real 

wind

Given a time series of only
one wind component + precipitation 
in a 3D volume of the 
atmosphere....
How does one
estimate ALL of the
other 20+ variables
needed in the same
volume?  Uniqueness?
A highly underdetermined problem!

Squeezing Blood Out of a 
Rock

observed

component



Example :  March 28, 2000 Fort 
Worth Tornadic Storms



Tornado



NWS 12-hr Computer Forecast Valid at 6 pm CDT
No Explicit Evidence of Precipitation in North Texas



Reality Was Quite Different!
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(Fort Worth Shown by the Pink Star)
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Xue et al. (2003)
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As a Forecaster 
Worried About 
This Reality… 

7 pm



As a Forecaster 
Worried About 
This Reality… 

How Much Trust 
Would You Place 

in This Model 
Forecast? 

3 hr

7 pm



Forecast #1 Forecast #2

Forecast #3 Forecast #5Forecast #4

Actual Radar



Probability of Intense Precipitation

Model Forecast Radar Observations



Forecast from Today’s Operational Model!

Image:  Pivotal Weather



The Million Dollar Question:  
Will Computer Models Ever 

Be Able to Predict
Tornadoes?



24 May 2011 Tornado Outbreak:  
Warning on a Numerical Forecast

NWS OUN Graphic



24 May 2011 Tornado Outbreak:  
Warning on a Numerical Forecast



What Happens if We 
Succeed?!

South OKC – May 31, 2013 (11 days following the 
latest devastating Moore tornado)



The Human Factor:  Social and 
Behavioral Sciences
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The Human Factor:  Social and 
Behavioral Sciences



The Current Warning System
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Time Days

Outlooks

Adapted from Dr. Heather Lazrus (NCAR)

Space Regional State Local

Watches Warnings

Event

Hours Minutes

Information Void(s)

• Product-centric, deterministic (binary), and presumptuous.

• More information needed.

• More information available.

Courtesy NOAA/NSSL



The Current Warning System

Warning polygons are messy!

Inherently “binary” (on/off; in/out)

Large false alarm area.

Courtesy Patrick Marsh

Courtesy NOAA/NSSL



A New Paradigm:

Forecasting a Continuum of 

Environmental Threats (FACETs)
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The Method 
of Warnings

Observations 
& Guidance

The 
Forecaster

Threat Grid 
Tools

Useable 
Output

Effective 
Response

Verification 
Methods

Courtesy NOAA/NSSL



The General Idea…

44Courtesy NOAA/NSSL



Changing the Starting Point

Move from “binary” polygons 

to Probabilistic Hazard 

Information (PHI)
• Grid-based threat probabilities.
▪ Legacy warnings “fall out.”

▪ New messages possible.

• Not only for tornadoes.
▪ Winter weather, hail, lightning, 

flooding, etc.

30-Minute Threat:  Tornado Probability
Valid 11:00 a.m. - 11:30 a.m. MDT

Last updated: 1 minute ago

“Byproduct” 

Tornado Warning

Proximity (Yellow)

Alert??

Courtesy NOAA/NSSL



Integrated Social, Behavioral & 

Physical Sciences
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The Impact
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The FACETs Epoxy:  Integrated Social, 

Behavioral and Physical Sciences

Courtesy NOAA/NSSL



FACETs Comparison:

20 May 2013

(Moore, OK)

Don’t think “large, binary 

warning products.”

Think “continuous flow of 

relevant, actionable 

information for each 

neighborhood.”
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New (FACETs) Method

Tornado probabilities every ½ mile & 

updated every 2 minutes.

Current Method

Tornado Track

Courtesy NOAA/NSSL



HOW PREDICTABLE ARE SEVERE 
STORMS AND TORNADOES?



QUESTIONS REMAIN




