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Q&A Break
• Your questions and comments are 

welcome! You bring extra value to 

MentorLIVE!

• Join the chat on the right side of your 

screen and post your questions there

• We will do our best to get as many 

answered as possible. 

• Thank you for joining us tonight
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Dr. Trey Cade

• 22-year United States Airforce veteran - worked primarily as a 
space weather scientist. 

• Director of Baylor Institute for Air Science and Director of 
Aviation Sciences degree program

• Researcher - Baylor’s Space Weather Research Laboratory

• Previously served as:
• Applied Technology Division for the Air Force Weather Agency Chief
• Space Weather Operations Officer for Air Force Space Command 
• Atmospheric and Space Environmental Forecaster for the North 

American Aerospace Defense Command (NORAD)
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Satellite

Radar

ASOS/AWOS

Buoys, Aircraft, etc.

Weather Balloon

The Foundation of Forecasting is Computer Models 



The Foundation of Forecasting is Computer Models 

 Modern global weather models calculate 
systems of 500,000 equations

• Sophisticated atmospheric physics

• High-resolution, precision output  
High Resolution Rapid Refresh Model

6 Hour Radar Reflectivity Forecast 



 So why do we still have trouble predicting tomorrow’s weather? 

November 2018



CHAOS:

Term used to describe systems that 

are very sensitive to starting 

conditions

The Atmosphere is a Chaotic System

Two adjacent 

drops in a 

waterfall end up 

very far apart

a SMALL change in how 

you start can cause a 

HUGE change in where 

you end up



Do-it-Yourself Chaos

Use the formula  (2x2-1)

Start with 0.51234, put the result back in for x, and repeat 50 times

Now start with 0.51235, and do the same thing
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A change of 0.00001 in starting conditions causes big changes as time goes on!

That’s Chaos!



Edward Lorentz

 1961 Computer simulations of the atmosphere

Royal McBee LGP-30 Desk Computer



 Lorentz used a printout of numbers halfway through 

the model run to re-run the results

 His printout was 3 digits, computer was using 6 digits

 By the way, his work (and others) show the limit of 

predictability is about 2 weeks



Lorentz’s Landmark 1972 Paper



Three Temperature Forecasts, each with slightly different initial conditions



WHAT WE DO:

We give one answer that we KNOW has 

uncertainty, and hope it’s right

Forecasting a Chaotic System

That’s called a “Deterministic” Forecast



WHAT WE DO:

We give one answer that we KNOW has 

uncertainty, and hope it’s right

WHY IT DOESN’T WORK:

Chaotic Systems are essentially

UNPREDICTABLE

Forecasting a Chaotic System

Because you can NEVER specify the 

starting conditions accurately enough!





500MB – 16 Day Forecast
5220m and 5640m height contours



Computer Model Performance Over Time

24 Hours 5 Days 10 Days



To account for the uncertainty, 

we can make a whole bunch of 

predictions

Each forecast is equally likely

Now we now know the range of 

possible locations

Is There a Better Way to Forecast a Chaotic System?



Ensemble Forecasting
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13% of Ensemble Members show snow >1.5 inches

< 0.75 Minimal Impact

0.75-1.5 Moderate Impact

> 1.5 Significant Impact

3-Hour Airport Snowfall Forecast
22 Different Model Runs

How could we use this?

Many forecasters like to 
use the ensemble mean:
the “Consensus Forecast”

The “Consensus Forecast” is STILL a Deterministic Forecast!



Convective Available Potential Energy (CAPE) > 1000 J/kg

Model 1

Model 2

Model 3
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Inches of Snow

Weather Prediction Center

Deterministic Snow Forecast
(how much snow will you get)

Single Solution

• Ignores forecast uncertainty

• Potentially very misleading

• Oversells forecast capability

Relies on:
1) Accuracy of analysis
2) Accuracy of model
3) Which model is best?
4) Forecaster experience
5) Random chance

If you “hit” it’s 
a “good” 
forecast

Decision Based 
on One 

Possibility



Weather Prediction Center

Probabilistic Snow Forecast
(probability of > 1 inch)

Multiple Solutions

• Reveals forecast uncertainty

• Yields probabilistic information

Relies on:
1) Accounting for analysis error
2) Accounting for model error
3) Adequate # of model runs

There is no “good” 
or “bad” forecast

Enables Risk-Based 
Decision Making



Probability of IFR

NWS Short-Range Ensemble
36-Hr Forecasts



NWS Short-Range Ensemble
36-Hr Forecasts

Probability of <5 mi Visibility



Probability of Icing at FL060

NWS Short-Range Ensemble
36-Hr Forecasts



Probability of Severe CAT FL180

NWS Short-Range Ensemble
36-Hr Forecasts



High Resolution Rapid 

Refresh (HRRR) Model 

Ensemble Products

Probability of Flight Conditions

Probability of Visibility < 5 mi

Probability of Visibility < 3 mi

Probability of Visibility < 1 mi

Probability of Ceiling < 3000 ft

Probability of Ceiling < 1000 ft

Probability of Ceiling < 500 ft

Probability of VFR Conditions

Probability of MVFR Conditions

Probability of IFR Conditions

Probability of LIFR Conditions



FAA AC 91-92: Pilot’s Guide to a Preflight Briefing
March 15, 2021

 Pilots are encouraged to utilize online weather resources to conduct self-briefings

 The FAA considers that a self-briefing may be compliant with current Federal 
aviation regulations

 Pilots who have preflight weather/risk assessment and risk mitigation skills are 
better prepared to make in-flight decisions

 Flight Service becomes a consultative resource that is available should a pilot 
need assistance



Conclusion

 AC 91-92 requires pilots to apply weather information in a more critical way, 
so understanding the nature of forecasting is key

 Ensemble Modeling represents the future of weather forecasting

 Ensemble Forecasting parallels shift from Mission-Based to Risk-Based 
Decision Making

 Encourages pilots to pre-determine operational thresholds they are not willing 
to exceed
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Save the Date!

Presented by

John and Martha King, Co-founders of King Schools

Join us for next month’s MentorLIVE, month day at 8:00 p.m. ET 

Tragic Air Ambulance Crash at 

Gillespie Field: What Went 

Wrong?
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Thanks for Watching!

Notice:
The National Association of Flight Instructors or Aeronautical Proficiency Training do not provide 
technical or legal advice. Content is for general information  and discussion only, and is not a full 
analysis of the matters presented. The information provided may not be applicable in all situations, 
and participants should always seek specific advice from the Federal Aviation Administration and/or 
appropriate technical and legal experts (including the most current applicable guidelines) before 
taking any action with respect to any  matters discussed herein.
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