
Terrain 
separation 

deteriorating 
below normal  
requirements

3. CFIT: 3.1 Large 
CAT fixed wing  

aircraft - Arrival or  
departure 
(general)

Flt Crew maintain SA  
via effective 

monitoring (e.g. use of  
terrain display/  

awareness of MSA)  
and query clearance/  

instruction

Aircraft Operator

Prevention

Poor

Training/ proficiency

ATCO detects,  
recognises and  

corrects the potential  
terrain conflict via  
monitoring (e.g.  

MSAW, FAM alert)

ANSP

Prevention

Good

Training/ proficiency

ATCO detects and 
recognises their error  
whilst listening to the  

Flt Crew readback  
(and corrects the 

clearance/ instruction)

ANSP

Prevention

Good

Policy/ Procedure

Flt Crew challenge  
ATCO clearance/  
instruction (e.g.  

reference to Minimum  
Sector/ Radar 

Vectoring chart)

Aircraft Operator

Prevention

Poor

Policy/ Procedure

1. ATCO issues 
incorrect or 
incomplete  
clearance/  
instruction

Constant exposure

Also see RI bowtie  
4.1  

Also see AC bowtie  
5.1  

Also see RI bowtie  
4.3  

Also see AC bowtie  
5.3  

Flt Crew familiarity  
with local procedures

Aircraft Operator

Poor

Training/ proficiency

Potential for  
conflict not  

obvious to Flt  
Crew at time of  

clearance/  
instruction (e.g.  

can not recognise  
ATCO error)

ANSP/ Aircraft  
Operator provides 

joint training to  
encourage 

communication

Aircraft Operator

Poor

Training/ proficiency

Flt Crew 
reluctance to 

challenge ATCO

ATCO is confident  
in their original  

clearance/  
instruction

ANSP provides 'active  
listening' training to  
ensure proficiency

ANSP

Good

Training/ proficiency

ATCO inattention  
to the readback 
(e.g. distraction,  

workload)

ATCO challenges the  
Flt Crew

ANSP

Very Good

Policy/ Procedure

Aircraft Operator  
ensures Flt Crew 
compliance with  

regulatory 
requirement for  

language proficiency

Aircraft Operator

Poor

Policy/ Procedure

Incomplete,  
heavily accented  

or no readback by 
the Flt Crew

Technology (e.g.  
MSAW) alerts ATCO to  

change plan

ANSP

Very Good

Engineered devices

ATCO effective 
workload and 

distraction 
management

ANSP

Poor

Training/ proficiency

ANSP provides  
'monitoring skills'  
training to ensure  

monitoring proficiency

ANSP

Poor

Training/ proficiency

ANSP workload  
management via  
Tactical Sector  

Capacity Management  
(e.g. split/ bandbox)

ANSP

Good

Policy/ Procedure

ANSP workload  
management via  
Strategic Sector  

Capacity Management  
(e.g. flow 

management)

ANSP

Good

Policy/ Procedure

Degraded 
monitoring due to  

workload/  
distraction (or  

other HF)

ANSP contingency for  
unplanned system 

outages

ANSP

Good

Policy/ Procedure

ANSP ensures  
adequate system 
availability (e.g.  

maintenance  
planning)

ANSP

Good

Policy/ Procedure

Degraded system 
capability due  

technical failures/  
maintenance

Flt Crew effective 
workload and 

distraction 
management

Aircraft Operator

Poor

Training/ proficiency

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 inter

-crew 
communication  
due to human 
factors (e.g. 

complacency,  
distraction)

Flt Crew maintain SA  
via effective 

monitoring (e.g. use of  
terrain display/  

awareness of MSA)  
and query clearance/  

instruction (as per  
Threat 1)

Aircraft Operator

Prevention

Poor

Training/ proficiency

ATCO detects,  
recognises and  

corrects the potential  
terrain conflict via  
monitoring (e.g.  

MSAW, FAM alert) (as  
per Threat 1)

ANSP

Prevention

Good

Training/ proficiency

ATCO detects and 
recognises error or  
misunderstanding  

during Flt Crew 
readback

ANSP

Prevention

Good

Training/ proficiency

Flt Crew request  
clarification of  

clearance/ instruction  
from ATCO if  

uncertain of details

Aircraft Operator

Elimination

Good

Policy/ Procedure

ATCO issues 
understandable  

instruction using  
standard phraseology

ANSP

Elimination

Good

Policy/ Procedure

2. Flt Crew 
misunderstand  

clearance/  
instruction

Constant exposure

Also see RI bowtie  
4.3  

Also see AC bowtie  
5.1  

Also see RI bowtie  
4.1  

Also see AC bowtie  
5.3  

ATCO uses 
progressive clearance/  
instruction as a form 

of defensive 
controlling

ANSP

Good

Policy/ Procedure

ATCO issues 
overly long or  

complex 
clearance/  
instruction

ATCO alerts Flt Crew 
to potential problem

ANSP

Very Good

Policy/ Procedure

ANSP utilises tool/s to  
identify problematic  

call signs (e.g.  
European Call sign  

Similarity Tool)

ANSP

Good

Policy/ Procedure

Aircraft Operator uses  
safety intelligence to  
identify problem call  

signs

Aircraft Operator

Poor

Policy/ Procedure

Call-sign 
confusion

ANSP provides  
phraseology training  
to ensure proficiency

ANSP

Very Good

Training/ proficiency

ATCO use of non-
standard 

phraseology

ATCO recognises  
error potential and 

uses defensive 
controlling

ANSP

Good

Training/ proficiency

Aircraft Operator  
ensures Flt Crew 
compliance with  

regulatory 
requirement for  

language proficiency

Aircraft Operator

Poor

Policy/ Procedure

Flt Crew 
misunderstand  

clearance/ 
instruction due to 

their language 
comprehension

ATCO monitors  
aircraft post 

conditional clearance

ANSP

Poor

Training/ proficiency

ATCO minimise the  
use of conditional  

clearance

ANSP

Poor

Policy/ Procedure

Inappropriate use  
by ATCO of 
conditional  
clearance

ANSP/ Aircraft  
Operator provides 

joint training to 
encourage 

communication

Aircraft Operator

Poor

Training/ proficiency

Flt Crew 
reluctance to 
query ATCO

ANSP provides 'active  
listening' training to  
ensure proficiency

ANSP

Good

Training/ proficiency

ATCO inattention  
to the readback 
(e.g. distraction,  

workload)

ATCO challenges the  
Flt Crew

ANSP

Very Good

Policy/ Procedure

Aircraft Operator  
ensures Flt Crew 
compliance with  

regulatory 
requirement for  

language proficiency

Aircraft Operator

Poor

Policy/ Procedure

Incomplete,  
heavily accented  

or no readback by 
the Flt Crew

ATCO suspects 
uncertainty in the Flt  
Crew understanding  
and uses defensive  

controlling

ANSP

Very Good

Training/ proficiency

Flt Crew readback  
is correct but they 

have not 
understood the 

clearance/ 
instruction

ATCO detects,  
recognises and  

corrects the potential  
terrain conflict via  
monitoring (e.g.  

MSAW, FAM alert) (as  
per Threat 1)

ANSP

Prevention

Good

Training/ proficiency

Flt Crew carry out the 
published missed  
approach if RNP 

procedure tolerances  
are not maintained  

(approach scenarios)

Aircraft Operator

Prevention

Poor

Policy/ Procedure

Flt Crew manage  
aircraft to fly within 
the specified RNP 

procedure tolerances  
(e.g. SID, STAR,  

Approach)

Aircraft Operator

Elimination

Good

Training/ proficiency

Flt Crew maintain SA,  
manage and monitor  

flight path

Aircraft Operator

Elimination

Good

Training/ proficiency

Flt Crew accurately  
enter clearance/  

instruction into FMS/  
automation

Aircraft Operator

Elimination

Good

Training/ proficiency

3. Flt Crew do not  
correctly manage  

aircraft to 
achieve/maintain  

clearance/ 
instruction or  

correct flight path

Constant exposure

Also see AC bowtie  
5.1  

ATCO detects mis-set  
altimeter setting via  

Mode C readout  
(aircraft at incorrect  

level)

ANSP

Good

Engineered devices

ATCO detects mis-set  
altimeter setting via  

Mode S (BAT)

ANSP

Poor

Engineered devices

Flt Crew perform 
altimetry cross-check  

SOPs

Aircraft Operator

Good

Policy/ Procedure

Mis-set altimeter

ATCO detects mis-set  
selected level via  

mode S

ANSP

Very Good

Engineered devices

Flt Crew detect,  
recognise and correct  
error via cross-checks

Aircraft Operator

Poor

Training/ proficiency

Flt Crew errors 
during data input

Automated alerts  
when approaching or  

deviating from cleared  
altitude

Manufacturer

Good

Engineered devices

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 and  
callouts 

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 inter

-crew 
communication  
due to human 
factors (e.g. 

complacency,  
distraction)

Flt Crew establish an  
accurate shared 

mental picture via  
approach briefing  

Aircraft Operator

Good

Training/ proficiency

Poor approach 
planning (e.g.  

unstable 
approach)

Flt Crew detect,  
recognise and correct  
the mismanagement  

of automation via  
monitoring or  

automated warnings

Aircraft Operator

Good

Training/ proficiency

Aircraft Operator  
provides automation  
management training  
to ensure proficiency

Aircraft Operator

Poor

Training/ proficiency

Automation  
mismanagement

Aircraft Operator  
provides manual  

handling training to  
ensure proficiency

Aircraft Operator

Good

Training/ proficiency

Suitable automation  
policy regarding  

appropriate use of  
manual handling

Aircraft Operator

Good

Policy/ Procedure

Mismanagement of  
manual flight path  

control

ATCO applies the  
correct wake 

turbulence separation  
standard

ANSP

Good

Policy/ Procedure

Flt Crew aware of  
conditions via ATCO  

(detection systems or  
PIREPs) and modify  

approach accordingly

Aircraft Operator

Good

Training/ proficiency

Adverse 
environmental  

conditions (e.g.  
windshear or wake  

turbulence)

Flt Crew detect and 
recognise the problem  

via monitoring or  
automated warnings  
and take appropriate  

action 

Aircraft Operator

Good

Training/ proficiency

Aircraft technical  
defects that 

destabilise the  
flight path (e.g. 
flap or autopilot  

malfunction)

Automated below  
glideslope warnings  

(on precision 
approaches) alert Flt  

Crew

Manufacturer

Good

Engineered devices

Flt Crew do not  
recognise out of  

tolerances 
condition due to a  
loss of situational  

awareness

Effective CRM leads to  
other Flt Crew 

member intervention

Aircraft Operator

Good

Training/ proficiency

Flt Crew approach  
briefing includes  
missed approach  

details to encourage  
appropriate mental  

picture

Aircraft Operator

Good

Policy/ Procedure

Aircraft Operator's 
simulator training  
program includes  
missed approach  

exercises to ensure  
proficiency/  
confidence

Aircraft Operator

Good

Training/ proficiency

Aircraft Operator has  
established a safety  

culture that 
encourages 

appropriate use of  
missed approaches

Aircraft Operator

Poor

Policy/ Procedure

Reluctance to 
commence a go-
around due to 
human factors 

(e.g. task fixation, 
personal/ 

organisational  
pressure)

ATCO detects mis-set  
altimeter setting via  

Mode C readout  
(aircraft at incorrect  

level)

ANSP

Prevention

Good

Engineered devices

ATCO detects mis-set  
altimeter setting via  

Mode S (BAT)

ANSP

Prevention

Poor

Engineered devices

Flt Crew adhere to 
SOP for correct 

setting of altimeter

Aircraft Operator

Elimination

Good

Policy/ Procedure

4. Flt Crew mis-set  
altimeter pressure  
setting resulting in  

incorrect actual 
altitude (e.g. mis-
set QNH or low 

temperature 
correction)

Commonly exposed

Both Flt Crew mis-
set QNH 

Flt Crew detect  
omission during the  
appropriate checklist

Aircraft Operator

Good

Policy/ Procedure

Flt Crew forget to 
set QNH 

(especially with a  
low transition 

altitude)

Flt Crew detect,  
recognise and correct  
calculation error via  

cross-checks

Aircraft Operator

Poor

Policy/ Procedure

Aircraft Operator  
provides TEC training  
to ensure proficiency

Aircraft Operator

Poor

Training/ proficiency

Flt Crew do not  
make appropriate  

Temperature Error  
Correction

Variable 
availability of  

Mode S downlink  
performance

Not mandatory to 
operate Mode S 

downlink 
performance

Dual transponder  
carriage provides  

system redundancy

Aircraft Operator

Very Good

Engineered devices

Mode C is 
inoperative

ATCO detects, 
recognises and  

corrects the potential  
terrain conflict via  
monitoring (e.g.  

MSAW, FAM alert) (as  
per Threat 1)

ANSP

Prevention

Good

Training/ proficiency

Flt Crew detect and 
recognise mismatch  

via SOP for 
comparison of chart  

and FMS display

Aircraft Operator

Prevention

Good

Policy/ Procedure

Aircraft Operator  
ensures Flt Crew have  
reference to current  

Database/Chart

Aircraft Operator

Elimination

Good

Policy/ Procedure

Database/Chart  
provider maintains  

data validity via  
update program

Misc. Third Party

Elimination

Very Good

Policy/ Procedure

Aircraft Operator uses  
safety intelligence to  
identify anomalies for  

navigation 
databases/charts and  

advise provider

Aircraft Operator

Elimination

Good

Policy/ Procedure

Database/Chart  
provider's quality  

assurance process to  
identify errors

Misc. Third Party

Elimination

Good

Policy/ Procedure

5. Navigation error  
based on incorrect  

content within 
navigation 

database/charts

Constant exposure

Coding errors not  
obvious at time of  

publication

Aircraft Operator  
informs Flt Crew and/  

or establishes 
alternate procedures

Aircraft Operator

Good

Policy/ Procedure

Processing time  
(between problem 
identification and  
next chart cycle)

Flt Crew detect out of  
date database during  

pre-flight checks

Aircraft Operator

Very Good

Policy/ Procedure

MRO does not 
load updates into  

FMS

Flt Crew detect and 
recognise mismatch  

via SOP for 
comparison of chart  

and FMS display

Aircraft Operator

Good

Policy/ Procedure

Mismatch between  
FMS data and on-
board approach 

charts

Aircraft Operator uses  
safety intelligence to  

identify problem 
approaches to 

feedback for special  
procedures (and chart  

provider)

Aircraft Operator

Good

Policy/ Procedure

Poor clarity or  
correctness of 

approach charts 
(AIP or during  

third party 
modifications)

Comparison not  
completed due  
human factors 

(e.g. high 
workload)

ATCO detects, 
recognises and  

corrects the potential  
terrain conflict via  
monitoring (e.g.  

MSAW, FAM alert) (as  
per Threat 1)

ANSP

Prevention

Good

Training/ proficiency

Flt Crew detect and 
recognise error via  
maintaining SA (e.g.  

by monitoring/ terrain  
display/ awareness of  

MSA) and take 
appropriate action

Aircraft Operator

Prevention

Poor

Training/ proficiency

Flt Crew approach/  
departure briefing  

confirms correct FMS,  
chart and Navaid 

selection

Aircraft Operator

Elimination

Good

Policy/ Procedure

6. Navigation error  
due to incorrect  

FMS entry, 
incorrect chart  

selection or mis-
set ground aid by 

Flt Crew

Commonly exposed

Flt Crew update plan  
according to changed  

requirements

Aircraft Operator

Good

Policy/ Procedure

Last minute 
changes e.g. SID 

or STAR

Flt Crew effective 
workload and 

distraction 
management

Aircraft Operator

Poor

Training/ proficiency

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 inter

-crew 
communication  
due to human 
factors (e.g. 

complacency,  
distraction)

ATCO detects, 
recognises and  

corrects the potential  
terrain conflict via  
monitoring (e.g.  

MSAW, FAM alert) (as  
per Threat 1)

ANSP

Prevention

Good

Training/ proficiency

Flt Crew detect and 
recognise error via  
maintaining SA (e.g.  

by monitoring/ terrain  
display/ awareness of  

MSA) and take 
appropriate action (as  

per Threat 6)

Aircraft Operator

Prevention

Poor

Training/ proficiency

Flt Crew receive 
downgrade of  

navigation accuracy  
warning from aircraft  
and take appropriate  

action

Aircraft Operator

Elimination

Good

Policy/ Procedure

Flt Crew awareness of  
potential system 
degradation (e.g.  

RAIM/ NOTAM/ aircraft  
defects)

Aircraft Operator

Elimination

Poor

Training/ proficiency

7. Navigation error  
due to aircraft 

position 
determination (e.g.  

IRS drift/ space 
weather/ 

miscalibration)

Constant exposure

Flt Crew obtain data  
during briefing stage  

or in-flight

Aircraft Operator

Good

Policy/ Procedure

Inability to access  
RAIM data

Lack of usable 
space weather 

information

Flt Crew proficiency in  
system knowledge  

and associated SOPs

Aircraft Operator

Good

Training/ proficiency

Flt Crew 
misdiagnose the  

problem

ATCO detects, 
recognises and  

corrects the potential  
terrain conflict via  
monitoring (e.g.  

MSAW, FAM alert) (as  
per Threat 1)

ANSP

Prevention

Good

Training/ proficiency

Flt Crew carry out the 
published missed  

approach if required  
visibility not  
maintained

Aircraft Operator

Prevention

Good

Policy/ Procedure

Flt Crew adhere to 
SOPs for MDA/DH 

callouts

Aircraft Operator

Elimination

Good

Policy/ Procedure

Aerodrome Operator  
ensures runway 

lighting is in  
accordance with ICAO  

standards

Aerodrome Operator

Elimination

Very Good

Policy/ Procedure

8. Flt Crew 
continue approach  
below the MDA/DH 

without visual  
reference

Commonly exposed

Aerodrome Operator  
issues NOTAMs that  

highlights WiP  
(available to and  

understood by Flt  
Crew)

Aerodrome Operator

Good

Policy/ Procedure

Runway lights  
unavailable due to  

WiP (e.g. 
resurfacing 

runway)

Aerodrome SMS 
audits to ensure 

compliant

Aerodrome Operator

Good

Policy/ Procedure

NAA conducts  
oversight audit to 

ensure compliance  
with regulations

Regulator

Very Good

Policy/ Procedure

Lack of 
maintenance on  
runway lighting

SOPs not 
completed due  
human factors 

(e.g. high 
workload)

Flt Crew task 
fixated on 

continued landing

Reluctance to 
commence a go-
around due to 
human factors 

(e.g. task fixation, 
personal/ 

organisational  
pressure)

ATCO detects and 
recognises incorrect  
position/ altitude and  

alerts Flt Crew

ANSP

Reduction

Good

Training/ proficiency

TAWS alerts Flt Crew 
to inadequate terrain  

separation

Aircraft Operator

Reduction

Good

Engineered devices

Flt Crew detect and 
recognise potential  

conflict visually

Aircraft Operator

Reduction

Very Poor

Training/ proficiency

Flt Crew carry out  
terrain avoidance  

manoeuvre in 
response to visual,  

ATCO or TAWS 
warning

Aircraft Operator

Reduction

Good

Policy/ Procedure

CFIT resulting in  
fatalities

Also see CFIT  
bowtie 3.2  

Also see CFIT  
bowtie 3.3  

Aircraft Operator's 
simulator program 

includes terrain  
avoidance exercises  
to ensure proficiency

Aircraft Operator

Good

Training/ proficiency

Inadequate 
proficiency due to  
a lack of exposure 

to the required 
responses

Effective CRM leads to  
other Flt Crew 

member intervention

Aircraft Operator

Poor

Training/ proficiency

Flt Crew disregard  
a valid TAWS 

warning

Effective CRM leads to  
other Flt Crew 

member intervention

Aircraft Operator

Poor

Training/ proficiency

Delayed Flt crew 
response to ATCO 

alert

Low visibility (or  
night) conditions  

resulting in a 
limited opportunity  
to respond before 

collision

Aircraft lacks 
performance to 

achieve required  
climb gradient

Incorrect or 
outdated TAWS 

database

Aircraft Operator  
prohibits operations  

to critical aerodromes  
as per MELs

Aircraft Operator

Good

Policy/ Procedure

TAWS temporarily  
unserviceable

TAWS position  
inaccurate due to 
substandard or  

absent GPS 
position data feed

ATCO detects mis-set  
altimeter setting via  

Mode C readout  
(aircraft at incorrect  

level)

ANSP

Good

Engineered devices

ATCO detects mis-set  
via mode S

ANSP

Very Good

Engineered devices

Flt Crew perform 
altimetry cross-check  

SOPs

Aircraft Operator

Good

Policy/ Procedure

Flt Crew mis-set  
QNH

Limited coverage  
of surveillance  

radar

ATCO effective 
workload and 

distraction 
management

ANSP

Poor

Training/ proficiency

MSAW alerts ATCO  

ANSP

Very Good

Engineered devices

ATCO does not  
detect the problem 

due to 
distractions/ high  

workload
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