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Some history...
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The Systemic Approach to Air Safety
Investigation

» adopted by BASI in the mid 1980’s became an
ICAQO Standard in 1994 (Annex 13)

» a system is:

» an Integrated assemblage of components,
typically made up of people, hardware and
software, that interact with each other to fulfil
a common purpose that is greater than the
sum of the individual purposes of the
separate components.

» Such as ‘safe, effective, efficient and profitable
aviation operations’; effective and efficient military
aviation.

» (after Kenyon de Greene, ed.,“Systems Psychology”, 1 970)&



Annex 13 to the Convention on
International Civil Aviation

Aircraft Accident and Incident
Investigation 10" Edition July 2010



Paragraph 1.17 - Organisational

and Management Information "W

Pertinent information concerning the organizations
and their management involved in influencing the
operation of the aircraft.

The organizations include, for example, the operator;
the air traffic services, airway, aerodrome and
weather service agencies; and the regulatory
authority.

The information could include, but not be limited to,
organizational structure and functions, resources,
economic status, management policies and practices,
and regulatory framework.

»




The Reason Model of Systems Safety

» The Reason Model was endorsed by ICAO as
a guide to the investigation of organisational
and management factors.

e
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Dr Alan Diehl, NTSB, 1970s

Downeast Airlines DH-6-200, 30 May, 1979 @
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Figure 3. What, How, W hy Flowchart for the Downeast Crash.
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First investigation using the Reason Model

BASI INVESTIGATION REPORT
9301743‘

=1L/

Young, NSW ,
11 June 1993
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Organisation

Task/Environment

Organisational
Factors

« Communications

« Management
Structure

+ Incompatible
Goals etc.

Latent
failures

—-

Local
Factors

+ Morale
« Fatigue
* Equipment

* Procedures etc.

Individuals

Active
Failures

* Slips
« Lapses

« Mistakes

* \iolations

Latent failures

Defences

Figure 14 Diagram of the basic Reason model showing the elements of an 'organisational accident’.
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Significant factors

1. The cloudbase in the Young circling area was below the minimum
circling altitude, associated with dark night conditions and limited
ground lighting.

2. The workload of the pilot-in-command was substantially increased by
the effects of aircraft equipment deficiencies, with a possible
consequent degrading of his performance as a result of skill fatigue.

3. The instrument approach and landing charts did not provide the flight
crew with terrain information adequate for the assessment of
obstacle clearance during a circling approach.

4. The Monarch operations manual did not provide the flight crew with
guidance or procedures for the safe avoidance of terrain at Young
during a night-circling approach.

5. The aircraft descended below the minimum circling altitude without
adequate monitoring of obstacle clearance by the crew.

6. The visual cues available to the flight crew were insufficient as a sole
source of height judgement.

7. There were organisational deficiencies in the management
and operation of RPT services by Monarch.

8. There were organisational deficiencies in the safety
regulation of Monarch RPT operations by the CAA.



Department of Transport and Regional Development

Bureaw of Air Safety Investigation

INVESTIGATION REPORT
9402804

Rockwell Commander 690B VH-SVQ)
en route Williamtown to Lord Howe Island
New South Wales

2 October 1994

Note: this is a generic image of the aircraft type

L 1
m Fenzes by the Sacretary of the Department of Transport and Regional Development
under the provisians of Section 9CL of part 24 of the A Navigation Act {19200,
Faran < i fafr vt

Commission of Inquiry into the Relations Between the CAA

and Seaview Air (Staunton) ©
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» South Pacific Airmotive DC-3, Botany Bay, 24 Apr 1994

rawmy
Isermtusirat i

W LLLLT T LLLLETT

Lee and Burdekin Pty Ltd



THE PARLIAMENT OF THE
COMMONWEALTH OF AUSTRALIA

Ultimate outcome:
CAA split into

Alr Services
Australia and
CASA,

6 July, 1995

Report from the House of Representatives Standing Committee on @
Transport, Communications and Infrastructure

_ DECEMBER 1995 ' Lee and Burdekin Pty Ltd




An example of a contemporary systemic
iInvestigation:

The Lockhart River Accident; a case
study In system failure



G-W.  Australian Government

* Australian Transport Safety Bureau

R

ATSB TRANSPORT SAFETY INVESTIGATION REPORT
Aviation Occurrence Report 200501977
Final

Collision with Terrain

11 km NW Lockhart River Aerodrome
7 May 2005

VH-TFU

SA227-DC (Metro 23)

dekin Pty Ltd



Figure 19: General view of the accident site looking toward the south-east

South Pap

Accident site



Figure 21: View along the direction of travel showing the rock outcrop and
main wreckage in the background
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The systemic approach to air safety
Investigation became an ICAO Standard In
1994

» The safety outcomes of the international
adoption of a systemic approach to air safety
Investigation since 1994 have been the key
drivers for the adoption of safety management
systems in civil aviation.



The past...1991

«
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F-104 in Germany

916 aircraft in service 1960 - 1987
292 aircraft lost

Attrition: 31.8%

| 15 fatalities

«
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RAAF Mirage Il

| | 6 aircraft in service 1963 - 1987
43 aircraft lost
Attrition: 37.06%

|4 fatalities o
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The present....
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The reasons why SMS have become ICAO
Standards

In virtually all aviation accidents and serious
Incidents, the subsequent systemic investigation
has shown that:

» The primary contributing factors were all
oresent before the accident/incident.

» In most cases they were common
Knowledge, and had been formally
documented.

» In all cases, they could, and should, have
been identified and rectified before the

accident. i
PS



Events and
circumstanceg

at the time Hardware

Training
Organisation
Communication
Incompatible Goals

Systemic Procedures
Maintenance Mgmn

factors Design

Housekeeping
Defences
Safety culture

Total factors contributing to accidents
5
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ADF FATAL ACCIDENTS 1985 - CURRENT

NUMBER OF FATAL ACCIDENTS
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Civil aviation accident data eoeing, 2015)

Accident Rates and Onboard Fatalities by Year
Worldwide Commercial Jet Flest | 1959 through 2014
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INATS

https://www.youtube.com/watch?v=SrZSelcIxX\WM (%




hccident Records:

. Mumber of accidents
. Mumber of fatalties




The future

AAIB

Alr Accidents Investigation Branch

AAIB Centenary Conference 14 October 2015
'100 Years of Accident Investigation - what's next?'

London,14 October 2015. ¢
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https://www.gov.uk/government/news/aaib-centenary-conference-14-october-2015

Learning from and Preparing for Traditional Airline
Accident Investigation While Transitioning to SMS Risk-
Based Investigation

Timothy Logan, Senior Director Safety Risk Management,
Dennis Post, Senior Safety Investigator, Southwest Airlines



Members of the next generation of investigators are enter-
ing an industry in which operational zafety rizks are more

often identified through safety data and voluntary reporting

programs (AsAE FOQA, LOSA, VIIRP) than accidents, Never

before hag the full might of the industry been able to ghift
toward predictive investigationg rather than reactive.

The “new™ arline safety investigator 1z entering an industry
where the work of the “old” gafety investigator hag nearly
been made self-extinect.

The anthors propoge to degeribe how the next generation
of inveztigators will need to transition from often years-long
accldent investigations to quicker, tactical, rigk-baged inves-
\ligationg without gacrificing depth or quality. )




Prescriptive & Performance based

environment

/ Prescriptive based \ /
environment
Regulations as REQU|EtI.0ns as
safety risk_controls

administrative controls
“+*Dynamic regulatory framework

“*Rigid regulatory framework

. » Data based identification
» Inspections

» Prioritization of safety

» Audits .
risks

v
Regu.':a' tory v Effective safety
\ compliance / \ erformance /
S P
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A vision of the future - Integration

State’s safety programme + Service providers SMS =
Integrated safety system

Protection Production

Objective: State
Public safety
safety programme

Acceptance Oversight

Oversight

Objective:
Organization’s e Achieve

Objective: safet}-' Drganlzat!nn = commercial
Manage and S ——— production goals and

management processes customer

control

safety risk Sl , satisfaction
Risk management
Safety assurance

40



ICAO Annex |9 SMS Components and Elements

I. Safety policy and objectives

|.1 Management commitment and responsibility
|.2 Safety accountabilities

|.3 Appointment of key safety personnel

| .4 Coordination of emergency response planning
|.5 SMS documentation

. Safety risk management
2.1 Hazard identification

2.2 Safety risk assessment and mitigation

3. Safety
3.1 Safety performance monitoring and measurement
3.2 The management of change

3.3 Continuous improvement of the SMS

4. Safety promotion
4.1 Training and education

4.2 Safety communication



The future....

https://www.youtube.com/watch?v=g4WVKrXAaNO



Events and

circumstance Hard
at the timed MERASALIS

Training
Organisation
Communication
Incompatible Goals
Procedures

SyStemIC Maintenance Mgmn

factors Design

Housekeeping
Defences
Safety culture

» Total factors contributing to accidents.
» What are the safety lessons from this

situation?
©
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The ‘Bow Tie’ Risk Analysis Method

TN

References: Tan Kong Seng (2003);
Gifford, Gilbert and Barnes (2003)
BowTieXP




Basic Bow Tie Concept
Preventive Controls

Events and Harm to people and
Circumstances damage to assets

\ BARRIERS or environment \
et :
T1 | \\ :
H - N
A S
E
Z T2 \ Q
U
A X -
R N
A C
D T3 Undesirable event with =
potential for harm or damage S

Engineering activities
Maintenance activities
Operations activities




UK CAA “Significant Seven” Bow Tie Templates
(2014)

L 1, Loss of
v -c,o.m!?"_.{'?;-'

Y\ to“c":'-f‘f

http://www.caa.co.uk/default.aspx?catid=2816 @
Lee and Burdekin Pty Ltd



UK Military Aviation Authority

» MAA Bow Ties

» https://www.gov.uk/government/publicati
ons/bow-tie-methodology-in-the-military-
aviation-authority

Eam cc and Burdekin Pty Ltd


https://www.gov.uk/government/publications/bow-tie-methodology-in-the-military-aviation-authority

Defence Aviation Safety Authority

- Australian Government
Department of Defence

# Department of Defence Home

The Defence Aviation Safety Authority

Information

In accordance with Joint Directive 24/2016 The Defence Aviation Safety Framework [8 PDF-237KB, the Defence Aviation
Home Safety Authority (DASA) is responsible for enhancing and promoting the safety of military aviation. This objective is

» About Us primarily achieved through implementation of a Defence Aviation Safety Program (DASP) that supports compliance with

statutory safety obligations and assures the effective management of aviation safety risks. The DASA comprises three

organisational entities that operate collectively to administer and execute the DASP on behalf of the Defence Aviation

Defence Aviation Safety
Regulation Authority (Defence AA).

COMMAND ARRANGEMENTS

Chief of Air Force

109)

|
Deputy Chicf of
Air Force
(08)
Defence Aviation Safety Authority (DASA)
Director General Director Airworthiness Diérector Defence Aviation
Defence Aviation Safety Coordination and Policy and Air Force Safety
T = &

Lee and Burdekin Pty Ltd



AAIB

Alr Accidents Investigation Branch

9
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AIRCRAFT ACCIDENT REPORT 1/2017

AAAIB

Air dccidants Imsstigation Eranch

Report on the accident to
Hawker Hunter T7, G-BXFI
near Shoreham Airport
on 22 August 2015

e
I e . . B urdekin Pty Ltd



The ARMS Methodology for
Operational Risk Assessment
In Aviation Organisations

Developed by the ARMS Working Group, 2007-201

Lee and Burdekin Pty Ltd



SIRA

(MINIMIZE
PREVENT AVOID RECOVER LOSSES)
Mai ]
aintenance error Ia F Y & A ;\Catastrophit

accident (e.g. mid
air collision)

> \Major accident (e.g.
overrun)
ACCIDENT OUTCOME

il
\ Minor safety
occurrence (e.g.

A turbulence bruises)
V w \ Negligible

Flight ops hazard

-

Hazard on ground

Triggering EVENT
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=l=0=

1 FREQUEHE‘FI i 2 EFFECTIVENESS

3. EFFECTIVENESS
OF RECOVERY
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OF AVOIDANCE
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} OF Triggering EVENT

LD LD LL LD
m

Figure 7. The model behind the Safety Issue Risk Assessment.
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BowTie and incidents

BowTie Risk Assessment n
| ~— |

Outputs lessons
learned to

Provides input to

Video:

o https://www.youtube.com/watch?v=0MPaZ2pssio

Risk Management Solutions Coperee @ 290 # ke



Bow Ties and air safety investigation

» In terms of the Bow Tie methodology, an air
safety incident is a “top event’, in which the
preventive controls have failed, but the
recovery controls have worked, and the
incident did not develop into an accident.

» An example of a top event (potential
collision) followed by a successful recovery
control (evasive manoeuvre)...



https://www.youtube.com/watch?v=1N5THRSp4hM «




» Pre-existing deficiencies in organisational or
systemic factors manifest themselves Iin
escalation factors, and lack of escalation controls.

» These reduce or eliminate the effectiveness of the
primary controls, such as SOPs.

» Most controls in aviation are procedural (SOPS)

» Typical escalation factors affecting procedures
are:

» non-compliance
POOr communication
iInadequate CRM
human error
training deficiencies

» overly complex procedures
» All of these are human factors.

RV V



Sources of Escalation Factors Controls
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Annex 19
to the Convention on
International Civil Aviation

Safety

Management

" 2006
andsuparsedes, on 23 November 2006, all previous
editions of Annex 1.

For information regarding the appiicabil
ofthe Standards snd Recommenied n-:;lm‘
568 Foreword.

International Civil Aviation Organization

Annex 19

Annex |9 - Safety
Management

On February 25t 2013,
after 30 years, the Council
adopted unanimously a
new Annex to the Chicago
Convention,Annex |9 on
Safety Management.

«
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Event-based safety management — the
“traditional” approach

Systemic investigation of large numbers of air safety
Incidents and accidents has served the industry well.

We have learnt that system failures, such as incidents
and accidents, are the malevolent combination of pre-
existing systemic deficiencies with events and
circumstances at the time of the occurrence.

It is this combination in itself which creates the system
failure. There is no “root cause”.

At the systemic level, accidents and incidents are not
linear; they are multivariate.

There is no “chain of events™; nor a simple cause-

effect relationship. e



Control-based Safety Management

« Hundreds of specific scenarios in a particular
category, CFIT, runway Iincursions, breakdown
In separation, and so on are outcomes of
faillures of the same sets of controls in each
generic category.

* Therefore we need to focus our safety
management on these controls

— rather than on going through in minute detail large
numbers of individual specific events within each
generic category.

» These sets of controls are common factors In

each generic category S
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AF447, 1 June 2009

BEA Graphic Of Aircraft Attitude \§t Prior To Impact
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https://en.wikipedia.org/wiki/XL_Airways_Germany_Flight_888T#cite_note-1
file:///C:/FSF Singapore March 2017/animation.d-axla.1024x768.xvid.avi
file:///C:/FSF Singapore March 2017/animation.d-axla.1024x768.xvid.avi
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Air Asia Indonesia Flight 8501, 20 March 2015

(:,'l'Tn(L'.) ‘ From To Description
2317:41 [ Pl “My God.”

Conditions: .

Speed | 170 37

(knots) | (ISIS) | (CAS)

Alt 28340

(feet) |

Rudder | 0°

Roll [-2°

Pitch 0

AOA [ 4L1°

VS | -15500 |

(fpm) |

NI 73 %

EGT | 589°C |

TLA 443

Sidestick | PIC [ SIC
P: 15° | P:-16°
R: 14° | R:-7°

Figure 29: Attitude recovered

| = | BowTieXP ¢
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1. Loss of Control:
1.1 Operation of
Large CAT Fixed

wing aircraft

(human
performance)

Aircraft
unintentionally
deviates from
normal in-flight

parameters
(aircraft upset)

Authot

UK CAA

Revision #
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Revision Date

4/22/2014

Reference #

LOC 1.1

Notes

Final template for tailoring -
visit www.caa.co.uk/bowtie
for more information and to
accept conditions of use




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

. wing aircraft
(human
performance)

1. FIt Crew
mismanagement
of automated flight
path and/or speed +]Unrecovered LOC-
control I: uncontrolled
collision with
terrain or
catastrophic in-
flight structural
failure resulting in
fatalities

Aircraft
unintentionally
deviates from ]
mishandling of normal in-flight
manual flight path parameters
and/or speed (aircraft upset)
control

2. Fit Crew

Unsecured
objects/persons in
cabin resulting in
3. Fit Crew injuries to
incorrectly passengers and/or
calculate/ set crew
critical
performance data
and/ or
configuration (e.g. lAuthor
reference speeds,

flaps, trim) UK CAA
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2. Flt Crew
mishandling of
manual flight path

and/or speed
control

1. Flt Crew
mismanagement
of automated flight
path and/or speed
control
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manual handling skills
to maintain correct
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automation policy that
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Flt Crew detect and
recognise the
mishandling via
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Fit Crew correct the
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[]

Flt Crew detect and
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Aircraft automated
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Lack of exposure [—
to the required

™

1. Fit Crew
mismanagement
of automated flight
path and/or speed
control

mishandling of
manual flight path

™
2. Fit Crew
S|

™
S|

™
S|

™
S|

™
-

and/or speed
control

FIt Crew proficiency in
manual handling skills
to maintain correct
flight parameters

™

S|

a

e

during normal line
flying operations

Aircraft Operator's
simulator program

manual

Aircraft Operator's
automation policy
encourages manual

to
ensure proficiency

at
appropriate times

Aircraft Operator's[—
automation policy/
procedures are

———————\
Flt Crew's desire
to maintain
manual flying
skills

Aircraft Operator uses
safety intelligence to
identify inappropriate
manual flying events
to feedback into
appropriate training
and procedures

™ ™

b b

unsuitable or Aircraft Operator Aircraft Operator
lacking reviews policy in
with a
continuous
in absence of thei improvement
own management system

Fit Crew adhere to
automation policy that
minimises manual
handling at an
inappropriate time

Fit Crew detect and
recognise the
mishandling via
monitoring

Flt Crew correct the
mishandling
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1. Flt Crew
mismanagement

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

wing aircraft

(human
performance)

of automated flight

path and/or speed
control

2. Fit Crew
mishandling of
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and/or speed
control
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and/ or
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reference speeds,
flaps, trim)
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unintentionally
deviates from ]
normal in-flight

parameters
(aircraft upset)
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Automated systems
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bank recovery)
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upset recovery
procedure (in
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cabin resulting in

injuries to
passengers and/or

crew

d warnings)

g
Systems only able
to assist in some
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-
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Automated system
performs an
inappropriate
manoeuvre

~

Aircraft structural
design certification
margin between
approved envelope
and structural failure

]

Lack of available
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complete the
recovery
-~ @@
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[T proficiency due to
a lack of exposure
to the required
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Flt Crew response
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Opposing inputs
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The Integration of investigation and risk
management

» The reactive investigation process and the
proactive risk management process both

consider the same elements of the Reason
Model

» one before the category of the
occurrence, and one after an actual event

in that category

» Therefore we need to employ an
INTEGRATED approach to both



Critical Control Management

What is the Critical Control Management (CCM)
process?

» The CCM process is a practical method of
Improving managerial control over rare but
potentially catastrophic events by focusing on
the critical controls.
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The CCM approach is based on:

having clarity of those controls that really matter:
these are the critical controls

defining the performance required of the critical
controls

determining what the critical control has to do to
prevent the event occurring

deciding what needs to be checked or verified to
ensure the critical control is working as intended

assigning accountability for implementing the critical
control — who has to make it work?

reporting on the performance of the critical controls.



Underlying assumptions of the CCM process

Assumption 1

» The majority of undesired events within the Aviation industry
are known, as are the controls.

Assumption 2

» Most serious events, such as accidents, are associated with
failures to effectively implement known controls, rather than not
knowing what the risks and controls should be.

Assumption 3

» More can be less. A hazard management plan of 50 pages will
often contain a large number of controls, which can be
complex to understand, implement and monitor. This can lead
to less robust management of critical controls. Less can be
more. The fewer number of controls, the more robustly they
can be monitored.

Assumption 4

» Some controls are more important than others. These critical
controls should be monitored more regularly. @
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3. Fit Crew do not
correctly manage
aircraft to
achieve/maintain

clearance/
instruction or
correct flight path

H

™ ™

- ™

-

-

- -

= FIt Crew accurately Ef:It Crew maintain SA, FIt Crew manage Fit Crew carry out the = ATCO detects,
enter clearance/ manage and monitor aircraft to fly within published missed recognises and .
instruction into FMS/ flight path the specified RNP approach if RNP corrects the potential 3. CFIT.' 31 Lgrge
automation [+ procedure tolerances procedure tolerances terrain conflict via .CAT fixed wing

o {e.g. SID, STAR, are not maintained monitoring (e.g. aircraft - Arrival or

Approach) {approach scenarios) MSAW, FAM alert) {as departure

per Threat 1) (general)

[+] [+]

4, Fit Crew mis-set
altimeter pressure
setting resulting in
incorrect actual
altitude (e.g. mis-
set GQNH or low
temperature
correction)

Terrain
separation
deteriorating
below normal
requirements

5. Navigation error [
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due to human
factors (e.g.

complacency.
distraction)

il Aircraft Operator
provides ‘monitoring
skills® training to
ensure monitoring
proficiency

Flt Crew adhere to
50Ps that define
maonitorimg reles and
callouts

‘Flt Crew adhere to
sterile cockpit 50Ps
during critical phases
of flight

3. Flt Crew do not =
correctly manage
aircraft to
achieve/maintain
clearance!
instruction or
correct flight path

Flt Crew effective
workload and
distraction
management

Flt Crew maintaim 54,
manage and monitor
imstruction into FM 5/ flight path

automation

il Automated alerts

when approaching or
deviating from cleared
altitude




3.CFIT: 3.1 Large
CAT fixed wing
aircraft - Arrival or
departure
{general)

Terrain

separation
deteriorating H H

H

™

below normal H H

-

H CFIT resulting in
fatalities

requirements
® ATCO detects and | | “TAWS alerts Fit Crew
recognises incorrect to inadequate terrain

E'Flt Crew detect and
recognise potential
conflict visually

position/! altitude and separation
alerts Fit Crew [+
[+

[+]

e Fit Crew carry out &
terrain avoidance
manoeuvre in
response to visual,
ATCO or TAWS
warning

[+]
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3. CFIT: 3.1 Large
CAT fixed wing
aircraft - Arrival or
departure
{general)

Terrain
separation
deteriorating
below normal
requirements

™

-

™

™

-

-

-

-

® ATCO detects and
recognises incorrect
position/ altitude and
alerts Fit Crew

Saws alerts Fit Crew
to inadequate terrain
separation

BFit Crew detect and
recognise potential
conflict visually

(]

[+]

[+]

. Fit Crew carry out
terrain avoidance
manoeuvre in
response to visual,
ATCO or TAWS
warning

CFIT resulting in
fatalities

=

™

Inadequate

-

Aircraft Operator's
simulator program
includes terrain
avoidance exercises
to ensure proficiency

™

proficiency due to
a lack of exposure
to the required
responses

-

-

Efective CRM leads to
other Fit Crew
member intervention

™

=|Flt Crew disregard
a valid TAWS
warning

-

Etfective CRM leads to
other Fit Crew
member intervention

=| Delayed Fit crew
response to ATCO
alert
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Benefits of the critical control management approach

» focuses on a smaller and more manageable number
of risk controls - the critical controls

» uses bowties, which provide a simple and readily
understood picture of the links between the
occurrence, the contributing factors, and the critical
controls to prevent it occurring and minimise the
consequences if it does

» documents the critical controls in a simple format,
making explicit the performance required of them, how
they are to be checked and who is responsible for
them



approach, and not be constrained by “legacy thinking” —
viewing the present through the prism of the past

Thank you




