
WF1.2 Loss of Control in 

Flight

Wake Encounter Recovery Barrier

B1 Ineffective Wake Encounter Recovery

WB1
Ineffective Wake Recovery

WB1.1.1
Ineffective Wake Recovery 

with A/P engaged

WB1.1.1.2.1
Flight Crew impaired after 

A/P disengages

WB1.1.1.2.2
Required recovery 

manoeuvre exceeds Flight 
Crew capabilities after A/P 

disengages

WAKE-induced risk in 

En-Route

[WAKE-ENR v3.3]

October 2020

WF2 Wake Encounter 

(undetected & detected)

WB2.2
Ineffective Wake 

Avoidance

WB2.2.3
Late reaction (e.g. 

changing trajectory)

WB2.2.4
No reaction

Wake Detection&Avoidance Barrier

B2 Ineffective Flight Crew 

Wake Detection & Avoidance
WB2

Ineffective wake detection 
&avoidance by Flight Crew

WB2.1.1
Weather does not permit 

wake detection in day-time

WB2.1.2
Flight Crew failure to 
detect wake ahead 

WB2.1.3
Flight Crew failure to detect 

wake ahead in time

F2.1

 Follower 

trajectory leads 

through WV 

influence area

F2.2

Unfavourable 

wake decay and 

transport

Tactical Wake Management Barrier

B3 No or ineffect ive information service by ATC to prevent wake encounter

WF7 ATC induced 

Potential Wake 

Encounters

WF6 Crew/ac induced 

Potential wake 

encounters

WF5 Planning induced 

Potential Wake 

Encounters

WF4 Tact ical potential 

Wake Encounters

WF7.2 Other Unit/Sector 

ATC induced potent ial 

wake encounter

WF7.1  Unit/Sector ATC 

induced potential wake 

encounter

WF7.1.1
Conflict resolution 
leads to potential 
wake encounter

WF7.1.2
Trajectory Management 

instruction/clearance leads 
to potential wake 

encounter

WF7.1.3
Managing Mil AC in Civ/mil 

jointly used airspace leads to 
potential wake encounter

Event ID
Event Name

Causes of barrier failures in current 

ATM model
IRP Barrier ID

Name
Barriers in

IRP model

ATM Barriers

Identity

Barriers in

ATM model

Accidents & 

Precusors

Contribution ID

Name

Circumstant ial 

Factors

Event ID
Event Name

Causes of barrier failures related to 

the wake tool

Base
Event

Base Event Failures

Stepped OR gate

Only on remaining cases

% Precursor Prob.
Per approach

Barr ier Failure 
Rate%

%

Legend

% %

Relative failure 
percentage 
apportionment

Precursor 
probability per flight 
hour (success case)
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WF6.2
Potential Wake 

Encounter due to 
Airspace 

Infr ingement

WF6.1
Potential Wake 

Encounter due to
Crew/ac Deviation

WF6.1.2
Potential Wake 

Encounter due to
Lateral Deviation

WF6.1.3
Potential Wake 

Encounter due to
Speed Deviation

WF6.1.1
Potential Wake 

Encounter due to
Level Bust
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WF6.1.4
Potential Wake 

Encounter due to
V.Rate Deviation
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%%
%

%

Wake Encounter 

Prevention Flight 

information Service

Short name Risk Model Type of accident Operational Environment / ATService provided Systems /elements considered 

WAKE-ER Wake Induced Risk in En-

Route  

Wake induced accident for a follower aircraft due to 

encounter with wake vortex from a leader aircraft.  It 

could happen between two IFR commercial aircraft.

 - En-route airspace with a route structure (waypoints and routes)

- Airspace class A,B,C 

- Service provided by ANSP: Air Traffic Control – ATC (ensuring radar 

separation between aircraft, usually 5NM/1000 feet as separation minima)

- limited to the planning and tactical phases; pre-tactical phase not included 

(e.g. overloads). 

In the aircraft:

-          Flight Crew 

-          Navigation, Surveillance and Communication systems on board 

-          Flying Rules procedures 

On the ANSP side to provide ATC:

-          Controllers (tactical and planner)

-          Monitoring Aids systems (to detect deviations), Conflict Alert systems, Surveillance and 

Communication systems, Flight Planning system

-          Operational procedures to ensure traffic management and separation as per separation 

minima

WAKE-induced risk in 

En-Route

[WAKE-ENR v3.3]

October 2020

WB1.1.1.2.4
Flight Crew action is over-

corrective or too slow 
(startle effect) after A/P 

disengages

WB1.1.1.2.3
Crew does not operate 

controls after A/P 
disengages

WB1.1.1.2.5
Inadequate Flight Crew 
coordination after A/P 

disengages

WB3.1
ATCO does not manage 
potential wake encounter

WB3.2
Inadequate Communication
of Possible wake encounter 

information to pilot

WB3.3
Pilot fails to avoid 
wake encounter

WB3.2.2
Inadequate ATCo 
transmission of 

information

WB3.2.3
Inadequate

readback/hearback

WB3.2.1
Loss of

Communications

WB3.2.1.1
PLOC – 

equipment/
systems 
failures

WB3.2.1.2
Simultaneous
Transmissions

WB3.2.1.3
Aircraft not on 

frequency due to 
bad frequency 

management (e.g. 
not transferred, bad 

transfer, etc.)

WB3

No or ineffect ive information 

service by ATC to prevent wake 

encounter

WB3.2.2.1
Incomplete
information

WB3.2.2.2
Unclear

information

WB3.3.1
Pilot Fails to 

asses need for 
wake 

encounter 
avoidance 

action

WB3.3.2
Pilot unable to 
perform wake 

encounter 
avoidance 

action

WB2.1
Flight Crew does not 

detect wake ahead during 
day-time / night-time

WB3.1.1
Inaccurate traffic 

information for detecting 
possible wake encounter

WF3 Imminent Wake 

Encounter

WB3.1.2
ATCO does not detect the 

potential for wake 
encounter

WB3.1.3
ATCO cannot derive 

suitable wake encounter 
avoidance plan (e.g. due 
to operational constraints)

WB3.1.4
ATCO unable to satisfy 

pilot’s request (e.g. due to 
time constraints)

WB3.1.1.1
Inadequate 
surveillance 

picture

WB3.1.1.2
Inadequate 

trajectory planning 
information

WB3.1.1.2.1
No planning
information

WB3.1.1.2.1
Incorrect 

planning data

WB3.1.1.1.1
Transponder 

failure

WB3.1.1.1.2
Surveillance 

technical failure

E.g. for WB2.1: 
using RT/
contrails/TCAS/
wind info/
geometry of a/
c pairs

WF6.1.1.1

Level Bust

WF6.1.2.1

Aircraft Lateral Deviation

Note for WF3.1 and WF3.2:
In the course of normal 
controlling in En-Route, radar 
separation provision is the goal of 
the controller.  Occasionally, in 
order to achieve the radar 
separation, issuing instructions 
and responding to clearances will 
generate potential wake 
encounters.

WF6.1.3.1

Aircraft Speed Deviat ion

WF6.1.4.1

Aircraft V-rate Deviat ion

WF6.2.1
Unidentified / Unresolved 

Airspace Infringement

Note for B3:
From a responsibility and from a procedures point of view, controllers 
only need to ensure radar separation (typically 5NM or 1000ft) 
between two aircraft in en-route, as there is no defined wake 
separation scheme for en-route.  However, controllers sometimes  do 
pass wake information to a follower aircraft (regardless if the radar 
separation is already achieved) if s/he identifies the risk of a wake 
encounter.  Therefore, since the controller is not responsible to 
prevent wake encounters in en-route, this barrier remains very weak 
currently.  It is expected that a ground-based wake detection tool will 
improve the efficiency of this barrier.

WB2.2.2
Avoidance action not 

sufficient to avoid wake

WB2.2.1
Inappropriate avoidance 

action

WB3.1.5
ATCO gives 

inappropriate wake 
avoidance instruction 

WB3.1.6
ATCO gives wake 

avoidance instruction to 
wrong a/c

WB1.1.1.1
 A/P not able to cope with 

the wake upset (A/P 
disengages)

WB1.1.1.2
Ineffective Wake Recovery 

by Crew after A/P 
disengages

WB1.1.2
Ineffective Wake Recovery by Crew 
(A/P manually disengaged or A/P 

not engaged )

WB1.2
Required recovery 

manoeuvre exceeds 
aircraft flight envelope

WB1.1.2.1
Flight Crew impaired

WB1.1.2.2
Required recovery 

manoeuvre exceeds Flight 
Crew capabilities

WB1.1.2.4
Flight Crew action is over-

corrective or too slow 
(startle effect)

WB1.1.2.3
Crew does not operate 

controls 

WB1.1.2.5
Inadequate Flight Crew 

coordination

WB1.1
Ineffective Wake Recovery 

within aircraft flight 
envelope

WF2a Encounter with a 

severe Wake 

WF2b Encounter with a 

moderate Wake

WF2c Encounter with a 

light Wake

This can be currently be informed 
quantified based on FDR data

This could be also estimated (post-
incident event) based on Wake models  
(using ground data -tracks,  met, etc.) 

WF1.1 Wake Encounter 

Occurrence

WF1.1a Severe Wake 

Encounter Occurrence

WF1.1b Moderate Wake 

Encounter Occurrence

WF1.1c Light Wake 

Encounter  Occurrence

B1AS Ineffective Cabin preparat ion

WF1M Minor or 

No Injuries

WF1S Fatalities 

or Serious Injuries

Final bank angle 

more than 30 deg

Final bank angle 

between 10 and 30 deg

Final roll angle 

less than 10 deg

Wake Encounter Injuries prevention Barrier

This can be informed and quantified based on FDR data and incident report data.

This can be informed and quantified based on incident report data

Assumption: no 
injuries related to light 

WE occurrence

B1AM Ineffective Cabin preparat ion

Wake Encounter Injuries prevention Barrier

F1

 Providence
WB1AX X=S,M
Ineffective Cabin 

preparation

WB1AX1.2
Inadequate communication 

to the Cabin

WB1AX1.1
No or ineffective detection 

of the potential wake 
encounter

WB1AX1.3
Inadequate preparation of 
the cabin following Flight 

Crew instructions

WB1AX1.1.1
Flight Crew does not 

detect the potential wake 
encounter

WB1AX1.1.3
Flight Crew misestimates 
the effect of the potential 

wake encounter

WB1AX1.1.2
ATCO does not notify to 
pilot the potential wake 

encounter



Tactical Wake Management Barriers

WF7 ATC induced 

Potential Wake 

Encounters

WF6 Crew/ac induced 

Potential wake 

encounters

WF5 Planning induced 

Potential Wake 

Encounters

WF4 Tact ical potential 

Wake Encounters

B3 No or ineffect ive information service by ATC to prevent wake encounter

Wake Detection&Avoidance Barrier

B2 Ineffective Flight Crew Wake Detection & Avoidance
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WF6.2
Potential Wake 

Encounter due to 
Airspace 

Infr ingement

WF6.1
Potential Wake 

Encounter due to
Crew/ac Deviation

WF6.1.2
Potential Wake 

Encounter due to
Lateral Deviation

WF6.1.3
Potential Wake 

Encounter due to
Speed Deviation

WF6.1.1
Potential Wake 

Encounter due to
Level Bust
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WF6.1.4
Potential Wake 

Encounter due to
V.Rate Deviation
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WF6.1.1.1

Level Bust

WF6.1.2.1

Aircraft Lateral Deviation
WF6.1.3.1

Aircraft Speed Deviat ion

WF6.1.4.1

Aircraft V-rate Deviat ion

WF6.2.1
Unidentified / Unresolved 

Airspace Infringement

WF7.2 Other Unit/Sector 

ATC induced potent ial 

wake encounter

WF7.1  Unit/Sector ATC 

induced potential wake 

encounter

F2.1

 Follower 

trajectory leads 

through WV 

influence area

F2.2

Unfavourable 

wake decay and 

transport

WF3 Imminent Wake 

Encounter

WF2 Wake Encounter 

(undetected & detected)

WAKE-induced risk in 

En-Route

[WAKE-ENR v3.3]
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WF2a Encounter with a 

strong Wake 

WF2b Encounter with a 

medium Wake

WF2c Encounter with a 

light Wake

WF1.1a Severe Wake 

Encounter Occurrence

WF1.1b Moderate Wake 

Encounter Occurrence

WF1.1c Light Wake 

Encounter  Occurrence
WF1.2 Loss of Control in 

Flight

B1AS Ineffective Cabin preparat ion

B1 Ineffective Wake Encounter Recovery

WF1.1 Wake Encounter 

Occurrence

WF1M Minor or No 

Injuries

WF1S Fatalities or 

Serious Injuries

Final roll angle 

more than 30 deg
Final roll angle 

between 10 and 

30 deg

Final roll angle 

less than 10 

deg

Wake Encounter Recovery Barrier

Wake Encounter Injuries prevention Barrier

B1AM Ineffective Cabin preparat ion

Wake Encounter Injuries prevention Barrier

F1

 Providence
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