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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

LIVE
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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
e American Aerospace Defense Command (NORAD)
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The Foundation of Forecasting is Computer Models

- Modern global weather models calculate
systems of 500,000 equations
« Sophisticated atmospheric physics
» High-resolution, precision output
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. 6 Hour Radar Reflectivity Forecast
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- S0 why do we still have trouble predicting tomorrow’s weather?

National

Finger pointing, frustration in eastern US storm’s aftermath N ovem be I 2 0 1 8

Ey Shawn Marsh | AP
November 16

Phil Murphy blames poor storm response on forecast,
commuters leaving early

TRENTON, N.J. — Exhausted commuters pointed fingers and demanded answers Friday, a day after a
modest snowstorm stranded motorists on slippery roads for hours, paralyzed the public transit network

serving New York City and its suburbs and even forced some New Jersey children to stay overnight in

their schools. 7% LIVE: Governor holds press co.. @ ~»
’ Watch later  Share

How, they asked, could a few inches of snow in a region used to this sort of weather lead to such chaos?
“Clearly we could have done better and we will do better,” New Jersey Gov. Phil Murphy said.

New York City Mayor Bill de Blasio promised a “full review.”

“We're all unhappy with what happened,” he gaid.

The storm, which had earlier socked the South and Midwest, swept into the New York City metro area

just before the evening commute Thursday before heading north into New England overnight.

The snowtfall totals were modest in most places — 6 or 7 inchesz (15 or

18 centimeters) — but it was unusually icy and thouzands of slow-

speed car crashes led to gridlock that made it tough for plows to get

through.

f ¥ in @ o | o
In West Orange, Wew Jersey, more than a hundred students stayed
WOODBRIDGE — Gov. Phil Murphy on Friday
placed much of the blame for Tnursday's poor

response to a snowstorm on forecasters, saying his
and made dinner for students who couldn’t get home. - administration was caught off guard by the

(Photo: Julio Cortez, AP)

late into the night, some until morning, at a middle school after buses

became stranded for hours and turned back. Staffers staved overnight

accumulation of snow on roadways that caused a

“It was s0 long, I'm just excited to go home and go to sleep,” student
commuting nightmare for tens of thousands.

Breanna Dannestoy told WBC New York.
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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

MENT®R
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A change of 0.00001 in starting conditions causes big changes as time goes on!

—0.51234
—0.51235

R 1 R
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Edward Lorentz
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~ 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
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AMERICAN ASSOCIATION FOR THX ADVANCEMENT OF SCIENCE, 13%th HEETING

Lorentz’'s Landmark 1972 Paper

Subject..eevesresacessnsacosasss. .Predictability; Does the Flap of a But-
. terfly's wings in Brazil Set Off a Tor-
{ nado in Texas?

AuthOXisesssssssnssssscsserssessssEdvard H. Lorenz, Sc.D.
Professor of leteorology

AddTreSSecssssrsssssnssssnassessssollassachusetts Institute of Technology
Cambridge, lass., 02139

TiMCessescsescssssssssasnsnsasssesl0:00 a,m,, December 29, 1972

PlaCCesessevesasaasssssssssssssssesheraton Park Hotel, Wilmington Room

ProgramesssssssssssssssesvsessasssAAAS Section on Environmental Sciences
ilew Approaches to Global Veather: GARP

(The Global Atmospheric Research Program)

Convention AddresS.sssssssssssssssSheraton Park Hotel

RELEASE TIIIE
10:00 a.m., December 29

Lest 1 appear frivolcus in even posing the title question, let alone
suggesting that it might-have an affirmative‘answer, let me try to place
it in proper perspective by offering two propositions.

1, If a single flap of a butterfly's wings can be instrumental in
generating a tornado, so also (an all the previous and subsequent flaps
of its wings, as can the flaps of the wings of millions of other butter—
flies, not to mention the aétivities of innumerable more powerful crea-
tures, including our own species.

2. 1If the flap of a butterfly's wings can be instrumental in gener-

LIVE ] ating a tornado, it can equally well be instrumental in preventing a tor-

nado.
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Three Temperature Forecasts, each with slightly different initial conditions
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WHAT WE DO:
We give one answer that we KNOW has
uncertainty, and hope it’s right

That’s called a “Deterministic” Forecast
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WHAT WE DO: o 7 ; ’
We give one answer that we KNOW has ; = % o =
uncertainty, and hope it’s right 7ovs

WHY IT DOESN’T WORK:
Chaotic Systems are essentially
UNPREDICTABLE

Because you can NEVER specify the
starting conditions accurately enough!



TH E R EALITY 0 F Think of a model trying to simulate a

pachinko game.

LONG RANGE
FORECASTS

ball (current conditions).

Why detailed forecasts are g
not reliable long ranges in ...but there are many paths the ball
advance could take. Each step depends on

where the ball goes beforehand
(unpredictability).

Even though there are many possible
paths, the model only gives you one
of them (a deterministic solution).

The closerthe ball gets to the bottom, |
the fewer possible paths there are
(forecast confidence increases).

| ===

There’s a wide range of potential
outcomes at the bottom, and one small
deviation could make a big difference

The model knows where to put the

The model also knows the general
~ layoutof the board (predlctability)

@ 9,909,090 ,0 @ 0 O
AAIAD, A0 O O
PARAPAD A @ @ Day6

@

@, 9.0 O Day

b (sensitivity). - . :
@\ _ ! w«ﬂi you trustrthe 9-day forecast in this example?

%, National Weather Service - Kansas City, MO

Building a Weather Ready Nation
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5220m and 5640m height contours
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Computer Model Performance Over Time

24 Hours 5 Days 10 Days




g o A ) 2 4% e = 450
Is There a Better Way t0 Forecast aiChapiiciSysieme:
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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
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3-Hour Airport Snowfall Forecast
22 Different Model Runs

How could we use this?

13% of Ensemble Members show snow >1.5 inches

3-Hour Snowfall in Inches

R

Many forecasters like to b > 1.5 Significant Impact

use the ensemble mean:

the “Consensus Forecast 0.75-1.5 Moderate Impact

< 0.75 Minimal Impact

0 0 . . » = - r""‘-'o“".‘t:--‘-‘"v
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The “Consensus Forecast” is STILL a Deterministic Forecast!

I srwc Il srnvt Il ARNZ
I sruz Il ARPA ARP2

ARP3 HH NMmc Il HMMA
W uanz Il vmnz [l NMP
| uMP2 NP2 Il MBCH
I onam Il ~eni Il MENZ
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Convective Available Potential Energy (CAPE) > 1000 J/kg

{ | ‘h{

1 |
/Mod 13




Surface Wind Speed Forecast

Deterministic Forecast
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wind Speed (kt)
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Surface Wind Speed Forecast
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Weather Prediction Center

Single Solution

* Ignores forecast uncertainty Deterministic Snow Forecast
(how much snow will you get)

* 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 24

Decision Based B}
on One ;
Possibility ;

Inches of Snow OAY2 S/IPishaded)r ZRicontours) walid 1
[dots=1lst order ob Sltes]




Multivle Solutions Weather Prediction Center

» Reveals forecast uncertainty Probabilistic Snow Forecast
* Yields probabilistic information (probablllty of > 1 II’ICh)
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1 AW h ,r I . "y .
Relies on: | : T T . e
1) Accounting for analysis error N SRR, v | Ontario
2) Accounting for model error ETe o e e s ; = .

3) Adequate # of model runs

Nova:
é;i e

mﬁbf‘*

There is no "good” 2T e i m wmh

New Jersey

or "bad” forecast M= . . 0 e o M‘

Enables Risk-Based
Decision Making
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Map data ©2013 Gooale INEG!. MapLink | Terms of Use
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Probability of IFR

@ . ;‘s‘”"«f P
N\ — @ (NCEP,
- NCEP SREF-Aviation Weather Forecast e R
Region CONUS v | Sub-regions Enre v | Date 20180327 v | Cycle 037 v | Product| Flight Restriction v | Threshold| Probability of IFR v
Select speed: [fast v | Animation toggle ¥ | |< | \3 |>|[»1| Email comments SREF Home Document

SREF: Probability of IFR 02H FCST NWS Short-Range Ensemble
from 03z Mar 27 2018. Validation Time: 05z 03/27/2018
36-Hr Forecasts
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Probability of <5 mi Visibility

SREF:  Prob of Visibility < 5 Miles 15H FCST
from 03z Mar 27 2018. Validation Time: 18z 03/27 /2018

36-Hr Forecasts

30N

27N 1

24N 1
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Probability of Icing at FLO60

SREF: Probability of icing at FLOGO Z0H FCST
from 09z DecM 13 2018. Verified Time: 05z 12/14/2018

NWS Short-Range Ensemble
36-Hr Forecasts

ZEM
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24N 4
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Probability of Severe CAT FL180

SREF: Probability of Severe CAT at FL180 2Z5H FCST
from 03z MarM 27 2018. Verified Time: 04z 03/28/2018
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Probability of IFR Conditions (%) Init: 2021-03-24, 12 UTC
Valid: 2021-03-24, 12 UTC

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
MENTOR = —I—] Myeli920 Probability of LIFR Conditions

0 10 20 30 40 50 60 70 80 920 100

LIVE
. Probability of IFR Conditions (%)
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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
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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!
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?

Presented by

John and Martha King, Co-founders of King Schools
LIVE
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Thanks for Watching!

NATIONAL ASSOCIATION OF FLIGHT INSTRUCTORS
M EN T R
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

LIVE taking any action with respect to any matters discussed herein.
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