
 

Aircraft 
unintentionally 
deviates from 

normal in-flight 
parameters  

(aircraft upset)

1. Loss of Control: 
1.1 Operation of 
Large CAT Fixed 

wing aircraft 
(human 

performance)

Aircraft automated 
features limit 

deviation from normal 
parameters (e.g. 

envelope protection or 
autopilot)

Aircraft Operator

Prevention

Good

Engineered devices

Flt Crew correct the 
mismanagement of 

automation (and flight 
parameters) 

Aircraft Operator

Prevention

Good

Training/ proficiency

Flt Crew detect and 
recognise the 

mismanagement of 
automation (and flight 

parameters) via 
automated 

alerts/warnings

Aircraft Operator

Prevention

Good

Engineered devices

Flt Crew detect and 
recognise the 

mismanagement of 
automation (and flight 

parameters) via 
monitoring

Aircraft Operator

Prevention

Poor

Training/ proficiency

Flt Crew maintain SA 
to ensure use of 

appropriate 
automation modes

Aircraft Operator

Elimination

Poor

Training/ proficiency

Flt Crew proficiency in 
automation operation 

and adherence to 
related SOPs

Aircraft Operator

Elimination

Good

Policy/ Procedure

1. Flt Crew 
mismanagement 

of automated flight 
path and/or speed 

control

Constant exposure

Aircraft Operator 
reviews policy in 

accordance with a 
continuous 

improvement 
management system

Aircraft Operator

Good

Policy/ Procedure

Aircraft Operator 
adopts existing 

internationally agreed 
best practice policies 

in absence of their 
own

Aircraft Operator

Poor

Policy/ Procedure

Aircraft Operator's 
automation policy/ 

procedures are 
unsuitable or 

lacking

Aircraft Operator uses 
safety intelligence to 

identify problem 
scenarios to feedback 
into improved training 

and SOPs

Aircraft Operator

Poor

Policy/ Procedure

MRO performs 
preventative 
maintenance 
programme in 

accordance with the 
maintenance schedule

MRO

Good

Policy/ Procedure

Flt Crew are 
confronted with 

automation 
scenarios that are 

not covered by 
SOPs (especially 

due technical 
faults)

Aircraft Operator's Flt 
Crew scheduling 

practices ensure a 
sufficient level of 
experience on the 

aircraft type

Aircraft Operator

Good

Policy/ Procedure

Flt Crew lack 
familiarity with the 

aircraft type

Aircraft Operator 
provides automation 
management training 
to ensure proficiency

Aircraft Operator

Poor

Training/ proficiency

Flt Crew do not 
anticipate the need 

to manage 
automation

Flt Crew effective 
workload and 

distraction 
management

Aircraft Operator

Poor

Training/ proficiency

Flt Crew adhere to 
sterile cockpit SOPs 

during critical phases 
of flight

Aircraft Operator

Poor

Policy/ Procedure

Flt Crew adhere to 
SOPs that define 
monitoring roles

Aircraft Operator

Good

Policy/ Procedure

Aircraft Operator 
provides CRM training 

to ensure 
communication 

proficiency

Aircraft Operator

Poor

Training/ proficiency

Aircraft Operator 
provides 'monitoring 

skills' training to 
ensure monitoring 

proficiency

Aircraft Operator

Unassessed

Training/ proficiency

Degraded 
monitoring or 

communication 
due to 

complacency/ 
distraction (or 

other HF)

Flt Crew effective 
workload and 

distraction 
management

Aircraft Operator

Poor

Training/ proficiency

Flt Crew adhere to 
sterile cockpit SOPs 

during critical phases 
of flight

Aircraft Operator

Poor

Policy/ Procedure

Flt Crew adhere to 
SOPs that define 
monitoring roles

Aircraft Operator

Good

Policy/ Procedure

Aircraft Operator 
provides CRM training 

to ensure 
communication 

proficiency

Aircraft Operator

Poor

Training/ proficiency

Aircraft Operator 
provides 'monitoring 

skills' training to 
ensure monitoring 

proficiency

Aircraft Operator

Unassessed

Training/ proficiency

Degraded 
monitoring or 

communication 
due to 

complacency/ 
distraction (or 

other HF)

Aircraft Operator uses 
safety intelligence to 

identify shortcomings 
of warnings and 

feedback to 
manufacturer

Aircraft Operator

Poor

Policy/ Procedure

Inadequate visual 
or aural warnings 

to Flt Crew

Effective CRM 
between Flt Crew to 

identify problem 
correctly

Aircraft Operator

Good

Training/ proficiency

Aircraft Operator's 
simulator program 

includes automation 
error recognition 

exercises to ensure 
proficiency

Aircraft Operator

Good

Training/ proficiency

Flt Crew 
misdiagnose the 

problem leading to 
the application of 

an incorrect 
recovery 

procedure

Flt Crew proficiency in 
manual handling skills 

for recovery 
maintained during 
normal line flying 

operations

Aircraft Operator

Very Poor

Training/ proficiency

Aircraft Operator's 
simulator program 

includes manual and 
automated recovery 
exercises to ensure 

proficiency

Aircraft Operator

Poor

Training/ proficiency

Flt Crew response 
is inappropriate 

due to inadequate 
proficiency 
(including 

reluctance to 
revert to manual 

flight)

Technical faults in 
aircraft's other 
systems that 
degrade the 
automated 

protection features

Limited capacity 
for the aircraft's 

protection features 
to address all 

scenarios

Aircraft automated 
features limit 

deviation from normal 
parameters (e.g. 

envelope protection or 
autopilot)

Aircraft Operator

Prevention

Good

Engineered devices

Flt Crew correct the 
mishandling

Aircraft Operator

Prevention

Good

Training/ proficiency

Flt Crew detect and 
recognise the 

mishandling via 
automated 

alerts/warnings

Aircraft Operator

Prevention

Good

Engineered devices

Flt Crew detect and 
recognise the 

mishandling via 
monitoring

Aircraft Operator

Prevention

Good

Training/ proficiency

Flt Crew adhere to 
automation policy that 

minimises manual 
handling at an 

inappropriate time

Aircraft Operator

Elimination

Good

Policy/ Procedure

Flt Crew proficiency in 
manual handling skills 

to maintain correct 
flight parameters

Aircraft Operator

Elimination

Good

Training/ proficiency

2. Flt Crew 
mishandling of 

manual flight path 
and/or speed 

control

Constant exposure

Aircraft Operator's 
automation policy 

encourages manual 
handling at 

appropriate times

Aircraft Operator

Poor

Policy/ Procedure

Aircraft Operator's 
simulator program 
includes manual 

handling exercises to 
ensure proficiency

Aircraft Operator

Good

Training/ proficiency

Lack of exposure 
to the required 
manoeuvres 

during normal line 
flying operations

Aircraft Operator uses 
safety intelligence to 
identify inappropriate 
manual flying events 

to feedback into 
appropriate training 

and procedures

Aircraft Operator

Poor

Policy/ Procedure

Flt Crew's desire 
to maintain 

manual flying 
skills

Aircraft Operator 
reviews policy in 

accordance with a 
continuous 

improvement 
management system

Aircraft Operator

Good

Policy/ Procedure

Aircraft Operator 
adopts existing 

internationally agreed 
best practice policies 

in absence of their 
own

Aircraft Operator

Poor

Policy/ Procedure

Aircraft Operator's 
automation policy/ 

procedures are 
unsuitable or 

lacking

Flt Crew effective 
workload and 

distraction 
management

Aircraft Operator

Poor

Training/ proficiency

Flt Crew adhere to 
sterile cockpit SOPs 

during critical phases 
of flight

Aircraft Operator

Poor

Policy/ Procedure

Flt Crew adhere to 
SOPs that define 
monitoring roles

Aircraft Operator

Good

Policy/ Procedure

Aircraft Operator 
provides CRM training 

to ensure 
communication 

proficiency

Aircraft Operator

Poor

Training/ proficiency

Aircraft Operator 
provides 'monitoring 

skills' training to 
ensure monitoring 

proficiency

Aircraft Operator

Unassessed

Training/ proficiency

Degraded Flt Crew 
monitoring or 

communication 
due to 

complacency/ 
distraction (or 

other HF)

Aircraft Operator uses 
safety intelligence to 

identify shortcomings 
of warnings and 

feedback to 
manufacturer

Aircraft Operator

Poor

Policy/ Procedure

Inadequate visual 
or aural warnings 

to Flt Crew

Aircraft Operator's 
automation policy 

encourages manual 
handling at 

appropriate times

Aircraft Operator

Poor

Policy/ Procedure

Aircraft Operator's 
simulator program 
includes manual 

handling exercises to 
ensure proficiency

Aircraft Operator

Good

Training/ proficiency

Lack of exposure 
to the required 
manoeuvres 

during normal line 
flying operations

Technical faults in 
aircraft's other 
systems that 
degrade the 
automated 

protection features

Limited capacity 
for the aircraft's 

protection features 
to address all 

scenarios

Flt Crew detect and 
recognise problem via 

unexpected aircraft 
response and take 
appropriate action 

(e.g. RTO / apply full 
thrust)

Aircraft Operator

Prevention

Poor

Training/ proficiency

Flt Crew respond to 
automated 

configuration warning 
system activation and 

RTO

Aircraft Operator

Prevention

Good

Engineered devices

Flt Crew detect, 
recognise and correct 

a mis-setting or 
omission via 

checklists 

Aircraft Operator

Prevention

Good

Training/ proficiency

Flt Crew adhere to 
SOPs to set and 
confirm correct 

configuration as per 
pre flight brief

Aircraft Operator

Elimination

Very Good

Policy/ Procedure

Flt Crew detect, 
recognise and correct 
calculation error via 

cross-checks

Aircraft Operator

Elimination

Poor

Training/ proficiency

Flt Crew have correct 
weight and balance 

data available

Aircraft Operator

Elimination

Good

Policy/ Procedure

3. Flt Crew 
incorrectly 

calculate/ set 
critical 

performance data 
and/ or 

configuration (e.g. 
reference speeds, 

flaps, trim)

Commonly exposed

See Ground 
Handling Bowtie 

6.1 for loading and 
loadsheet issues

Flt Crew identify gross 
errors during data 

input

Aircraft Operator

Poor

Training/ proficiency

Both Flt Crew use 
the same incorrect 

raw data

Flt Crew effective 
workload and 

distraction 
management

Aircraft Operator

Poor

Training/ proficiency

Flt Crew adhere to 
sterile cockpit SOPs 

during critical phases 
of flight

Aircraft Operator

Poor

Policy/ Procedure

Flt Crew distracted 
and/or interrupted

Flt Crew re-brief 
according to changed 

conditions

Aircraft Operator

Good

Training/ proficiency

Changes to the 
departure require 
modified settings 
after the briefing

Flt Crew effective 
workload and 

distraction 
management

Aircraft Operator

Poor

Training/ proficiency

Flt Crew adhere to 
sterile cockpit SOPs 

during critical phases 
of flight

Aircraft Operator

Poor

Policy/ Procedure

Flt Crew distracted 
and/or interrupted

Flt Crew effective 
workload and 

distraction 
management

Aircraft Operator

Poor

Training/ proficiency

Changes to the 
departure require 

modified 
configuration after 
the checklist has 

been actioned

Configuration is 
acceptable to the 

automated system 
but not 

appropriate for 
that departure (e.g. 

no warning)

Flt Crew reject take-off 
if they consider the 
aircraft is unfit to fly

Aircraft Operator

Poor

Training/ proficiency

Uncertainty or non
-recognition 
delays RTO 

decision until after 
V1 and take-off 

continued

Flt Crew task 
fixated on 

continued take-off

Automated systems 
that assist aircraft 

recovery (e.g. 
automated angle of 

bank recovery)

Manufacturer

Reduction

Good

Engineered devices

Flt Crew perform 
upset recovery 
procedure (in 
response to 

monitoring and/or 
automated warnings)

Aircraft Operator

Reduction

Poor

Training/ proficiency

Aircraft structural 
design certification 

margin between 
approved envelope 

and structural failure

Regulator

Reduction

Poor

Policy/ Procedure

Unrecovered LOC-
I: uncontrolled 
collision with 

terrain or 
catastrophic in-
flight structural 

failure resulting in 
fatalities

Also see LOC 
bowtie 1.2  

Also see LOC 
bowtie 1.3  

Also see GH bowtie 
6.1  

Also see GH bowtie 
6.2  

Also see GH bowtie 
6.3  

Conditions that 
exceed design 

margins

Lack of available 
altitude to 

complete the 
recovery

Aircraft Operator's 
simulator program 

includes upset 
recovery exercises to 

ensure proficiency

Aircraft Operator

Poor

Training/ proficiency

Inadequate 
proficiency due to 
a lack of exposure 

to the required 
responses

Flt Crew response 
inappropriate due 

to training on 
simulators with 

insufficient fidelity

Flt Crew utilise 
takeover button to 
establish control 

authority (fly-by-wire  
aircraft)

Aircraft Operator

Good

Policy/ Procedure

Flt Crew alerted to 
problem by dual input 
type warning (fly-by-

wire aircraft)

Aircraft Operator

Good

Engineered devices

Effective SOP 
adherence by the Flt 

Crew to establish who 
has control of the 

aircraft

Aircraft Operator

Poor

Training/ proficiency

Opposing inputs 
by Flt Crew  

Flt Crew refer to 
functioning primary 
flight instruments

Aircraft Operator

Very Poor

Training/ proficiency

Flt Crew confusion 
due to multiple 

(potentially 
conflicting) 
warnings

Aircraft Operator's Flt 
Crew scheduling 

practices ensure a 
sufficient level of 
experience on the 

aircraft type

Aircraft Operator

Good

Policy/ Procedure

Flt Crew lack 
familiarity with the 

aircraft type

Systems only able 
to assist in some 

aspects of the 
recovery

Automated system 
performs an 

inappropriate 
manoeuvre

Cabin is secured via 
Flt and Cabin Crew 

adherence to secure 
cabin SOPs

Aircraft Operator

Reduction

Poor

Policy/ Procedure

Passengers and crew 
secured in response 
to recommendation 
made by Flt/ Cabin 
Crew to keep seat 

belts fastened at all 
times

Aircraft Operator

Reduction

Very Poor

Policy/ Procedure

Cabin design features 
minimise injuries (e.g. 

overhead locker 
security)

Manufacturer

Mitigation

Good

Engineered devices

Unsecured 
objects/persons in 
cabin resulting in 

injuries to 
passengers and/or 

crew

Also see LOC 
bowtie 1.2  

Also see LOC 
bowtie 1.3  

Forces exceed the 
restraint 

capabilities (e.g. 
overhead lockers 

opening)

Passenger and 
crew need to move 

about the cabin

Passengers 
disregard the 

instruction

Upset occurs 
during a phase of 
flight where the 

cabin is not 
secured
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