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Trend and Types of Weather-Related Accidents
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Pilot Certification and/or Rating

Figure 1.2.1: 'Other' and unclassified accidents

2019 Non-commercial fixed-wing

Figure 1.7.5: Pilots involved in weather accidents

2019 Non-commercial fixed-wing
Accidents Fatal Accidents
Accidents Fatal Accidents Lethality Other 88 52 59.1%
Landing 22 2 9.1%
ATP 2 59% 1 33% 50%
Other (power Loss) 14 1 71%
H -1 - s
Commercial 12 3534 9 30% 75% Descent / approach 12 7 58.3%
Private 18 529% 18 60% 100% Take-off 10 B 10%
; Weather B = 75%
Student 1 29% 1 3.3% 100%
Fuel management a8 ] 0%
Other or unknown 1 29% 1 33% 100%
Maneuvering i 5 T14%
Second pilot on board 3 88% 3 10% 100% Collision 4 1 25%
Pre-flight %6
CFl on board 5 147% 3 10% 60% ik = i A
Go-around 2 L] 0%
IFR pilot on board 24 706% 20 667% 83.3%
Cruise 1 QO 0%
“CFl on board" and IFR pilot on board' include single-pilot flights Taxi 1 (o) 0%

Source: 31 Joseph T. Nall Report; General Aviation Accidents




Non-Scheduled Part 135 Helicopter Accidents &
Defining Event, 2010-2019
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Contributing Factors to General Aviation
Weather-Related Accidents

Research indicates numerous The Human Factor
contributing factors to the General
Aviation Weather problem.

» Lack of Aviation Weather Knowledge & @ E]

Skills
T Pilots need to understand Technol ithout traini
Weather Technology & Product Usability _— ﬂ;‘m echiioloRy NI EIRInIngE can

make operations less efficient.

Conflicting & Out-of-Date Pilot Resources

Poor Decision-Making

Limited Weather Training

Weather is dynamic and Flight is a complex task.
difficult to predict.

Source: (Blickensderfer et al., 2019)



Key Issue: Interpretability of Weather
Products

“A pilot who does not understand aviation weather products may be at higher

risk of encountering hazardous weather.” (Blickensderfer et., al., 2019)
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* Recent research has found
that pilots have difficulty _
Interpreting many aviation g
weather products :
(Blickensderfer et al., (2019)

ssssss

DDDDDD

000000




Weather Knowledge Research

204 Pilots Participated

v Both ERAU Students and GA pilots at EAA Airventure
v Average Age: 22,5 years
o Part 61: 60 pilots & Part 141/142: 143 pilots

with Instrument

Pilot Certificate and/or Rating Nu(r;:)l::lrofzgg;)ts FI(I::: dl:::)rs
Student | 35 hours

Private 12 105 hours

Private with Instrument 0 172 hours
Commercial i 260 hours

Overall GA Weather Knowledge

v Scores increased with flight
experience
v Statistically significant
differences hetween
o student vs private pilot
groups
o private vs commercial with
instrument groups
 These trends were
consistent

Source: (Blickensderfer et al., 2019)

Private  Privatewith ~ Commercial

Instrument ~ with Instrument
Flight Experience




Weather Knowledge Research

Basic Weather Theory, Product Interpretation, & Weather
Product Sources

+ Weather product sources
was one of the highest
scores
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Theory Weather Data Resources

Aviation Weather Knowledge Categories

Basic Weather Interpreting Weather Product

Impact of Flight Experience on Pilots’ Aviation Weather
Knowledge

M Student

* Scores increased with more
flight experience

O Private

M Private with
Instrument
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Basic Weather Interpreting Weather Hazard with
Theory Weather Data Source Information Instrument

Aviation Weather Knowledge Categories

Pilot Performance on IMC and VFR Knowledge and Skills

* This includes Surface Charts,
Satellite Data, & PIREPs
involving IMC weather

Score (in Percentage)
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(Private &
Commercial)

Flight Experience

Student Instrument Rated

Thunderstorm Knowledge and Skills

TEEE

Applied Convective Lightning & Weather RADAR
Thunderstorms SIGMETs Thunderstorm

8

* Pilots scored low on
thunderstorm principles and
radar interpretation

Score (in Percentage)
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Thunderstorm Weather Theory
& Product Interpretation

Source: (Blickensderfer et al., 2019)




Weather Knowledge Research

Weather Hazard Product

Interpretation Automated products: (0) Automated vs. Traditional

Graphical Turbulence Guidance (GTG) Generation Products
Current Icing Products (CIP)

Pilots scored low on - o :
Ceiling and Visibility Analysis (CVA)

RADAR, AIRMETs, Satellite
Data, METARs and PIREPs

| Automated
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Traditional products:
G-AIRMET Tango
G-AIRMET Zulu
G-AIRMET Sierra

] Turbulence
Products
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Pilots scored higher on
SIGMETs, Surface Charts, and
Upper Level Charts

Visibility
g Visibility
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Pilots scored highest on
the automated products,
GTG & CVA. f i

Tulu Sierra
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Weather Hazard Products

Weather Hazard Products

Source: (Blickensderfer et al., 2019)



Pilot Perception of Weather: WTIC Research

» Assessed GA pilots' perception of
changes in METAR symbology and
airport visibility conditions

* Depending on the symbol shape and color, pilots
varied considerably in their overall detection of
METAR symbol change during flight.

» Assessed symbology salience and its

effect on symbology recognition

« Enhancing display symbols increases the
discriminability accuracy and reduces the
response time

 Assessed weather notification function

to notify GA pilots of state changes in

weather

» Weather state-change notifications (via tactile
feedback) improved pilot weather situation
awareness and reduced cognitive workload

i
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What is Perception, and Why is it Important?

« Perception: process by which individuals select, organize, and interpret information
received through senses.

* This process is important because it helps us to interpret and understand everything
around us.

« Human behaviour is based on perception of what reality is, not on reality itself

Sensory information
from the environment

\ \\ / Sensation refers to the
/ physical stimulation of the
: \ SEISOry receptors.
S SENSES
i H‘ \
L Visual (sight) Perception fnvolves
o — 2. Auditory (sound) inferpreting this sensory
rganization : information.
3. Olfaction (Smell)
= 4, Taste
5. Touch
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Perception is a Cornerstone of Decision Making

Perceptual Central
encoding processing Responding
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Top-Down and Bottom Up Influences of Perception

Perception is influenced by: Top-Down: Knowledge

1. Top-down influences derived from knowledge schemas and Experiences

« Knowledge
» Mental Models
» Past Experiences

+ Training Perception
2. Bottom-up influences derived from the environment
» Environmental Cues A

« Communications
* Information displays and products Bottom-Up:
Environmental Stimuli
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Influences of Pilot Weather Perception

Pilot weather perception is influenced by:

1.  Top-down influences

» Knowledge of how weather phenomena influence flight safety
» Past Experiences with weather phenomena in flight
* Mental Models of weather and weather information sources
» Accuracy, Reliability, Recency
« Training
+ Weather phenomena impacts on flight
* How to interpret weather information sources

2. Bottom-up influences derived from the environment

* Environmental Cues
Visual out the windscreen
Feeling of turbulence

« Communications with ATC and other pilots
» Weather Information sources/products

« NEXRAD

« AIRMET

 SIGMET

 TAFs

« METAR

 PIREP

Top-Down

Pilot Weather
Perception
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Perception of Weather-related Risk

: : .. RISK MATRIX
* Risk: exposure to or potential for danger or injury “
 Severity/Impact Med High
. . (=]
* Likelihood S
§ Med High
 Risky Decisions are Influenced by and Individuals’: Med
* Risk Perception: an individual’s assessment of the likelihood of s
undesired consequences
* Risk Propensity: an individuals® willingness to take risk
Factors of risk P
perceptions of Failure
| Risk
Perception
Cognitive Affective Contextual Individual e \Tnm'smnm
factors factors factors factors of Potenial Continue
» Gravity of events + Emotions * Framing of risk * Personality traits L /
* Media coverage *+ Feelings information * Previows experience
* Risk-mitigating * Moods . :ﬂ.'.-ailahili_wcrfalternntiwe * Age, gender Rk
measures infarmation sources Propensity




Mitigating Risk in Risky Decision

Risk Mitigation: process of reducing risk exposure and minimizing the
likelihood of an incident.

* Policy and Procedures

e Traini Factors of risk
raining perceptions
* Information Systems l

Cognitive

Affective Contextual Individual
factors factors factors

+ Emotions » aming of risk m
* Feelings infarmation >
* Maoods = Availability of alternativeg —

infarmation saurces

factors

* Gravity of events

» Media coverage

* Risk-mitigating
measures

. . . Information Source Design Training
We can influence risk perception - Weather information - Related to weather products
and risky decisions through: sources and products and how to utilize these

products effectively in
different situations
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Risk Identlfylng, Assessing and Mitigating Tools

PANVE Personal Minimums
Checklist

Risk Assessment Matrix

Pilot:
Experienceae/Raecaency
Physical Condition

Aircraft
Fuesl Reserves
Experience in Type
Ajrcraft Performance
Alrcraft Equipment

Endirmonmeant
Ajrport Conditions
Weather
Weather for VFRJ/IFR

External Pressures
Trip Planning
Diversion or Canceallation

Alternate Plans
Personal Equipment

SE'.'EriI]-'

v I'M SAFE CHECKLIST

lliness—Do | have any symptoms?
Medication—Have | been taking prescription or
over-the-counter drugs? /
Stress—Am | under psychological pressure from | /
the job? Worried about financial matters, health /
problems, or family discord? f
Alcohol—Have | been drinking within 8 hours? / f
Within 24 hours? ¥
Fatigue—Am | tired and not adequately rested?
Emotion—Am | emotionally upset?

= av,

Mitigating the Risk

 Wait until the weather is VFR
« Take an IFR current & IFR

proficient pilot
« Cancel the flight
« Consider driving

Source: Risk Management Handbook FAA-H-8083-2

RISK ASSESSMENT
Pilot's Name Flight From To
SLEEP HOW S THE DAY GOING?
1. Did not sleep well or less than 8 hours 2 1. Seems like one thing after another (late,
2. Slept well 0 making errors, out of step) 3
2. Great day 0
HOW DO YOU FEEL?
1. Have a cold oril 4 IS THE FLIGHT
2. Feel great 0 1. Day? 1
3. Feel a bit off 2 2. Night? 3
WEATHER AT TERMINATION PLANNING
1. Greater than 5 miles visibility and 3,000 feet 1. Rush to get off ground 3
ceilings 1 2. No hurry 1
2. At least 3 miles visibility and 1,000 feet ceilings, 3. Used charts and computer to assist 0
but less than 3,000 feet ceilings and 5 miles 4, Used computer program for all planning ~ Yes 3
visibility 3 No 0
3. IMC conditions 4 5. Did you verify weight and balance? Yes 0
No 3
Column total 6. Did you evaluate performance? Yes 0
No 3
7. Do you brief your passangers on the Yes 0
ground and in flight? No 2
Column total
LEFT COLUMN TOTAL + RIGHT COLUMN TOTAL =TOTAL SCORE
17




Preflight Decision-Making Tool

3-P Model

P

1.|' (R PV A I'Hl

”i il r-..'.'.l.ll
Malking P

hazard

the risk

Source: Risk Management Handbook FAA-H-8083-2

Perceive: Pilot perceive the

Process: Evaluate the level of q
risk (e.g., Alternatives)
Perform: Mitigate or eliminate | Process

PAVE Detects Hazards

P by et Enfimentl B Prssure

Hazards

' '
CARE Identifes which Hazards areRisks
Consequences Alternatives Reality Extemal Pressures

Risks
y y |

TEAM Suggests waystocopevith sk
Transfer ~ Elminate ~ Accept  Mitigate

Perform

https://www.ifr-magazine.com/training-sims/good-pilot-
decision-making/
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VNR Risk Assessment Study

* Purpose: To determine the feasibility of an automated VFR Not Recommended (VNR) service

Initial VNR Study: Scenario
» Scenario Description

o Departure and destination airports show
current and forecasted VFR conditions

o Thunderstorms are present to the west,
moving north and parallel to the route

o Enroute weather shows only a minor
possibility of small, localized areas of
precipitation

Results

* Wide variety in both the usage and
interpretation of weather products resulted in
inconsistent recommendations (for some
scenarios).

* Lack of a procedure indicated a need for
procedure standardization.

Second VNR Study: VNR Graphical User
!nterface Study- Notional Display

Entw Fiight Plan Information
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Results

« Go/no-go decision is correlated with pilot
experience, minimums, and skills

* No single threshold for a go/no-go decision
was found

* Need to consider when automating VNR 1



Modified FRAT Tool — Notional

= includes weather component -

FAAST FRAT [Flight Risk Assessment Tool]

Pilot Namrme

Bircraft

Date
DeEpartune ANpon

Arrivsl Arpart

Pilot
Less than 50 Howrs in Alircraft or Avionics Type
Less than 15 hoairs im last 320 Jay's
Ehight will ooour after work
Less than 8 howrs sleep pricr (o Flight
Druall Instruction Reoeived in Last S days
WINRGE Phase Completion in last & months
Instrumaent Rating current and proficient

-
-

o Walue

- NIRRT

Flight Conditions
Twwilight or Migha
mAcsntainous Taerain

|

Alrport

Ruirnardy length bess than 3,000 Fest
et or toft field Runvweay
Obstacles on Approach and/or departure

Mon-towerned Airport of (ower closed ot ETD or ETA

O w3 i

WFR Flight Plan
Mo Weather Repoating at destinatbon
Fhight Plam filed and activated
ATC Flight Follpwing used

- -]

1FR Flight Plan
MO WhEaEmET ﬂep-:-rl.-r'-;g ot gdEstiralion

Approaches - Instrument Plots
Best Available Approsch
Precision Approsch
Mo precision Approasch
Mo InSErumEnt A ppaagch
Cirding Approach

I
—
—

|

I
-

soay

Weather Harards - Departsre
Conwactive SIGMETS
Tl
AIRMET SIERAA
METARS
TaFs
]

Fadar
Satedline

Wieatker Harards - En Rowte
Conwvectine SHGMETS
ChvAs
AIRMET SIERRS
METARS
TAFE
PIREPS
Badar
Satellite

Weather Harards - Destinathon
Conwvective SIGAMETS
Cwiag
AIRMET SIERRA
METARS
TAFL
PIREPS
Radar
Sateldlite

Total Rtk Valus

Mloderate Rish

Imstmections: Check the Yes box opposite each statement that applies to your flight.
Then cormpare wour total risk value to the Risk Matrix Chart,

Go/no-go decisions correlate with pilot experience, minimums, and skills

This sometimes results in a go/no-go decision that seems at odds with the VFR/VNR recommendation/statement
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Summary: Addressing the Gaps

e Adverse weather remains a major cause of general aviation accidents
e Major contributing factor in weather-related accidents may be pilot

o Lack of weather Knowledge
o Inability to interpret weather displays

Addressing the Gaps

* Increase interpretability and usability of weather products:
» Design based on mental model of users, not meteorologist
* Focus products on what users need to know to make effective decision

« Develop more targeted weather training focused on:
* How to interpret weather products
» Experience interpreting weather information in various situations
» Strengths/weaknesses of each weather product and when most accurate
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