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Outline
Safety Management System (SMS)

 ICAO Annexes and SARPs

ECCAIRS

Singapore’s Experience on SDCP
- Singapore Aviation Accident/Incident Reporting 

System (SAIRS)
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Safety Management System (SMS)
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4 Components & 12 Elements
1 Safety Policy and Objectives
a) Management commitment and responsibility
b) Safety accountabilities of managers
c) Appointment of key safety personnel 
d) Emergency response planning
e) SMS Documentation

2 Safety Risk Management*
f) Hazard identification processes (HI)

- Causal Factor
g) Risk assessment and mitigation processes (RA)

- Preventive Measure
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4 Components & 12 Elements
3 Safety Assurance*
h)Safety performance monitoring and measurement (SPI)

- Monitoring and Measurement: Trending and Analysis
i) Management of change
j) Continuous improvement and audit

4 Safety Promotion
k) Training and education 
l) Safety Communication 



Traditional vs Present-day
(Hazard & Risk)

 Traditional “System Safety” 
- focused on safety implication of technical aspects

 Present-day “Safety Management” 
- builds on system safety, and
- include Human Factors and Human Performance as  
key safety consideration

Annex 8:  
Human Factors principles = Principles which apply to aeronautical design, certification, training, 

operations and maintenance and which seek safe interface between the human and other 
system components by proper consideration to human performance.

Human performance = Human capabilities and limitations which have an impact on the safety and 
efficiency of aeronautical operations.
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SHELL Model – Human Performance

 Liveware-Hardware (L-H). 

- interface between the human and technology
- determines how the human interfaces with the physical 
work environment

Example:
Design of seats to fit the sitting characteristics of the
human body, displays to match the sensory and 
information processing characteristics of the user etc
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SHELL Model – Human Performance

 Liveware-Software (L-S). 

- interface between the human and the supporting 
systems found in the workplace

Example:
Regulations, manuals, checklists, publications, standard 
operating procedures (SOPs) and computer software 
etc
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SHELL Model – Human Performance

 Liveware-Liveware (L-L). 

- interface between the human and other persons in
the workplace 

- include Staff/management relationships, as are 
corporate culture, corporate climate and company 
operating pressures

Example:
Flight crews, air traffic controllers, aircraft maintenance 
engineers and other operational personnel etc
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SHELL Model – Human Performance

 Liveware-Environment (L-E). 

- interface between the human and both the internal and 
external environments 

Internal environment 
- workplace temperature, ambient light, noise, vibration 
and air quality etc

External environment  
- visibility, turbulence and terrain etc
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Next Step

After knowing the “WHY” !!!
- Casual Factor
- Preventive Measure
- Monitoring and Measurement

> Trend and Analysis 

“WHAT’s” the expectation ???
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ICAO Annexes and SARPs



ICAO USOAP Protocol Questions

1. AIG 6.507
Has the State established an accident and incident 
database for facilitating the effective analysis of 
information obtained, including that from its accident 
and incident reporting systems?

2. AIG 6.509
If yes, is the database created in a standardized format
to facilitate data exchange? (Verify if the taxonomy is 
compatible with ADREP/ECCAIRS).

3. AIG 6.511
Does the State analyze the information contained in its 
accident/ incident reports and the database to 
determine any preventative actions required?

13



AIG 6.507

Has the State established an accident and incident 
database for facilitating the effective analysis of information 
obtained, including that from its accident and incident 
reporting systems?
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DatabaseReports Analysis



15

Fatal Accidents

Reportable 
Occurrences

Serious Incidents

ICAO 
ADREP
System

(Annex 13)

Accidents

Incidents Additional
Prevention
without any 

harmful 
consequence

The Safety Pyramid – Data Driven

“ DO NOT FOCUS ONLY ON THE CONSEQUENTIAL EVENTS ”

Beyond ADREP



AIG 6.509

If yes, is the database created in a standardized format to 
facilitate data exchange? (Verify if the taxonomy is 
compatible with ADREP/ECCAIRS).
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ICAO ADREP Background
 In 1971, Air Navigation Commission (ANC) noted the need to 

“determine the most satisfactory method of reporting 
information from inquiries into aircraft accidents and 
incidents”

 In 1972, ADREP panel “Terms of Reference” established.
 In 1974 Accident Investigation and Prevention (AIG) divisional 

meeting recommended to develop a data system
 ADREP First Generation (1976) 

- Based on US NTSB data reporting system

 ADREP Second Generation (1987)
- Improved factor system (ie. no blame factor, human factor, org factor etc) 

 ADREP Third Generation (2000)
- New definitions / New taxonomies
- New Software
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ICAO ADREP 2000 Taxonomy
 Aerodrome 
 Air Traffic Services 
 Aircraft
 Aircraft Meteo 
 Aircraft Recording
 Airspace
 ATM Recording
 ATS Unit
 CFIT
 Ditch
 Events
 Failures
 Fire

 History of flight
 Injuries
 Management
 Member
 Narrative
 Note
 Occurrence
 Recommendations
 Runway
 Sector
 Separation
 Survival
 Weather
 Wreckage / Impact



AIG 6.511

Does the State analyze the information contained in its 
accident/ incident reports and the database to determine 
any preventative actions required?
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Database
Recommendations
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 Quantification of the outcomes 
- Number of TCAS events per number of departures
- Number of FOD events per number of ramp operations

 Safety Performance Measurement 
- Safety Performance Indicator (SPI)
- Safety Performance Target
- Safety Action Plan

 Software to support the Analytical Process 
 ADREP uses ECCAIRS software

- provides States with a database for safety analysis, 
facilitate safety data exchange 
and an analytical service.  

Safety Management Manual
ICAO Doc 9859



Next Step

After knowing the expectation “WHAT” !!!
- Database
- Standardise Format
- Data Exchange
- Data Analysis
- Preventive Actions

“HOW” to do it ???
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ECCAIRS Software
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http://eccairsportal.jrc.ec.europa.eu/
Software is free-of-charge
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EU AIB's Installed Status

Austria 4.2.7 SP1 Operating

Belgium

Bulgaria 4.2.6 SP1 HF1 Operating

Cyprus

Czech Republic 4.2.7 Operating

Denmark 4.2.7 SP1 HF2 Operating

Estonia 4.2.6 Operating

Finland 4.2.7 Evaluating

France 4.2.7 SP1 HF2 Operating

Germany 4.2.6 SP1 HF1 Operating

Greece

Hungary 4.2.7 Operating

Ireland 4.2.7 SP1 HF2 Operating

Italy 4.2.7 SP1 HF2

Latvia 4.2.7 Operating

Lithuania

Luxembourg

Malta

Netherlands 4.2.6 SP1 HF1 Operating

Poland

Portugal

Romania 4.2.6 Operating

Slovakia 4.2.7 Evaluating

Slovenia 4.2.6 SP1 Operating

Spain 4.2.6 SP1 Operating

Sweden

United Kingdom

EU CAA's Installed Status

Austria 4.2.7 SP1 HF1 Evaluating

Belgium 4.2.7 SP1 HF2 Operating

Bulgaria 4.2.6 SP1 HF1 Operating

Cyprus 4.2.6 SP1 HF1 Operating

Czech Republic 4.2.6 SP1 HF1 Evaluating

Denmark

Estonia 4.2.7 SP1 HF2 Operating

Finland 4.2.7 Operating

France 4.2.7 SP1 HF2 Operating

Germany 4.2.7 SP1 Operating

Greece 4.2.7 SP1 HF2 Operating

Hungary

Ireland 4.2.7 SP1 HF2 Operating

Italy 4.2.7 Operating

Latvia 4.2.7 SP1 HF2 Operating

Lithuania 4.2.7 SP1 Operating

Luxembourg 4.2.6 SP1 HF1 Operating

Malta

Netherlands 4.2.7 Operating

Poland 4.2.7 SP1 HF2 Operating

Portugal 4.2.7 SP1 HF1 Operating

Romania

Slovakia 4.2.6 Evaluating

Slovenia 

Spain 4.2.7 SP1 HF1 Operating

Sweden 4.2.7 SP1 HF2 Operating

United Kingdom 4.2.6 Evaluating
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EU ANSP's Installed Status

Austria

France 4.2.7 Evaluating

Germany 4.2.7 SP1 HF2 Operating

Hungary

Poland

Romania

Spain

Sweden

Others Installed Status

AeroLogic GmbH 4.2.7 SP1 Evaluating

Institute of Aerospace Engineering, Brno 
University of Technology 4.2.7 Operating

DLR - German Aerospace Center 4.2.7 SP1 HF2 Evaluating

Joint Research Centre - Institute for 
Protection and Security of the 
Citizen

4.2.7 SP1 HF2 Operating

National Aerospace Laboratory (NLR) 4.2.7 SP1 HF2 Operating

Slovak Armed Forces 4.2.7 SP1 HF2

Eurocontrol 4.2.6 Evaluating

EASA - European Aviation Safety 
Agency 4.2.7 SP1 HF2 Operating

ISDEFE 4.2.7 SP1 HF2

Avanssa 4.2.7 Operating

International Civil Aviation Organization 
(ICAO) 4.2.6 Operating

United Nations Aviation Safety Section -
UNHQ 4.2.7 SP1 Evaluating

Air Line Pilots Association (ALPA) 4.2.7 Operating

Non EU Auth./AIB/CAA/ANSP Installed Status

AIB Australia 4.2.6 SP1 HF1 Evaluating

AIB Brazil 4.2.6 Operating

AIB Canada 4.2.7 Evaluating

AIB Egypt 4.2.6 SP1 Evaluating

AIB Iceland 4.2.6 SP1 HF1 Operating

AIB Korea Republic of 4.2.6 Operating

AIB Mexico 4.2.6 SP1 HF1 Operating

AIB Russian Federation 4.2.6 SP1 Evaluating

AIB Singapore 4.2.6 Evaluating

AIB Switzerland 4.2.6 Operating

AIB Taiwan Island 4.2.6 SP1 Evaluating

AIB United States 4.2.7 SP1 HF2 Evaluating

AIB Venezuela 4.2.7 Operating

CAA Australia 4.2.7 Operating

CAA Bahamas 4.2.7 Evaluating

CAA Chile 4.2.7 Operating

CAA El Salvador 4.2.6 Operating

CAA Iceland 4.2.7 SP1 HF2 Operating

CAA Nicaragua 4.2.5 Operating

CAA Norway 4.2.6 SP1 HF1 Operating

CAA Paraguay 4.2.7 Operating

CAA Singapore 4.2.7 Operating

CAA Switzerland 4.2.7 SP1 HF2 Operating

CAA Thailand 4.2.7 Evaluating

CAA United States 4.2.7 Evaluating

ANSP Congo the Democratic Republic 
of 4.2.6 Operating

ANSP South Africa 4.2.7 SP1 HF2 Operating
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Brower / Query Builder / Taxonomy / Web version etc

Query Builder / Exporter / Grapher / Agregation Workbench etc

TARGA / ASYA / E4F Generator / E4F Loader etc

De-Identification of Data
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ECCAIRS Status / Future Outlook
 ECCAIRS main draw backs:

- Working on a separate Hazards database that can link up with ECCAIRS
- No fields for FH / FC, therefore unable to trend by rates (abs number only)

 Taxonomy for Bird Strikes
 Library of analysis modules 

- safety indicators 
 Development of this data system is constantly 

evolving in line with: 
- New emerging demands
- New reporting requirements
- New software
- Add-on developments



Aviation Safety Data 
Collection and 

Processing – Singapore’s 
Experience 
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Background

• Aviation safety data collection, analysis and exchange 
are the vital elements in SSP and SMS.

• Safety management relies on measurement of safety 
indicators and monitoring. 

• Effective safety data collection is an important step.

• This presentation shares Singapore’s experience on 
safety data collection and processing. 
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data

search
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System Overhaul

• In mid 2008, CAAS started to restructure its mandatory 
reporting system framework and processes. 

• ECCAIRS was adapted as the operating platform to 
facilitate standardization of safety data format iaw ICAO 
ADREP taxonomy.

• In mid 2009, the restructuring was completed and tested. 
The reporting system was named Singapore Aviation 
Accident / Incident Reporting System (SAIRS).
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Mid
2008

System restructuring 

SAIRS Implementation Roadmap 
Mid

2009
Dec 
2010

Apr 
2011

System Test

AC AOC-28 issued 

SGAR – Jun 2011
AMO – Jun 2011
DOA – 4Q 2011
POA – 4Q 2011

Website 

Jan
2010

Industry 
Consultation

SAIRS 
Officially

Launched
- AOC

Jun
2010

System Review

Aug
2010

AW 139 (AOC) (GA & Corp)  

AW 139 Part 4 (DG) 

AW 152 (AMO) 

Mar
2010

- Aerodrome
& ANS
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Safety Data Collection

• SAIRS was first implemented to AOC holders in Jan 
2010. 

• Good structured safety data received.
- Interface Programmes
- SAIRS Form (built on Dexter)

• Safety data validated prior entry into database. 

• Integrates safety data from Aerodrome and ANS. 
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SAIRS
Database

Charting 
& Trending

CAAS

AAR

AFO

Trending Recommendation Mgt Reporting

(Service Providers)

Safety Regulatory Group

Aerodrome & ANS 

Airworthiness / Flt Ops 

Across all levels 
of mgt down to 
individual officers :

 Occ Classifications
 Occ Categories
 Occ Types

AAIB (S)

Data Collection Overview

Interface 
Program

SAIRS
Forms

Mandatory 
Reporting

Hazard 
Reporting
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EXAMPLE
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Classification
Category
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Using ECCAIRS EXPORTER



41

Safety Data Analysis

• Query builders 
- SSP safety indicators
: high level / high consequence (safety measurement)

- selected occurrences
: low level / low consequence (safety performance measurement)

• Trending and Analysis
- Alert Value
- Safety Targets

• Preventive actions / Safety Recommendation
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Examples of Query Builders
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Explanatory 
factor

Explanatory 
factor

Descriptive 
factor

Descriptive 
factor

Event / phase 
of flight

Event / phase 
of flight

Analyses on 
occurrence categories 
(CFIT, RI, etc.)

Analyses on 
symptoms

Statistics

n
Occurrence

Who, where ?

What, When ?

How ?

Why ?

Analyses on 
causes (HF)

Investigation, Data and Analyses 
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Pilot / stress

Preflight check / 
incomplete

Fuel starvation / 
cruise

Accident

Fuel starvation example (1/2)

Emergency 
landing

Fuel gauges / 
breakdown

Pilot / time 
pressure

Occurrence class = ACCIDENT
Occurrence category = FUEL

Events

Descriptive 
factors

Explanatory 
factors

What ?

How ?

Why ?

DO NOT FOCUS ONLY ON THE CONSEQUENTIAL EVENTS
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In ECCAIRS, use mouse right click to add, edit or remove items

Fuel starvation example (2/2)
ECCAIRS Format:
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By Absolute Number

By Rate
(FH, FC, Dep etc)

ECCAIRS 
GRAPHER

EXCEL 
GRAPHER
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Data Analysis Overview

1.50 1.72 1.50 1.38 1.14 1.36 1.40 1.69
1.28 1.40 1.11 1.20

1.75 1.51
1.07 1.16 0.98 1.17 0.96

6.10

7.01

6.20
5.78

4.68

5.68 5.69

6.95

5.11
5.70

4.51
4.89

7.18

6.13

4.49
4.85

4.09
4.83

3.88

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Aug-09Sep-09 Oct-09 Nov-09Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10Sep-10 Oct-10 Nov-10Dec-10 Jan-11 Feb-11

Combine Inc Rate Overview

Inc Rate 
/ 1000 
FH

Inc Rate 
/ 1000 
FC

1.39 1.41 1.39 1.36 1.34 1.32 1.30 1.27

0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80

Jul-10 Aug-10 Sep-10 Oct-10 Nov-10 Dec-10 Jan-11 Feb-11

Combine 12 Months Rolling Average Inc Rate Overview

12M Inc Rate / 
1000 FH

ALoS ( < 1.75 )

EXAMPLE

EXAMPLE

http://www.google.com.sg/imgres?imgurl=http://preview.canstockphoto.com/canstock1183802.png&imgrefurl=http://www.canstockphoto.com/chart-showing-bad-things-1183802.html&usg=__LXhEwBj8HDKS4DXEWqWJuEcxWbI=&h=260&w=325&sz=89&hl=en&start=11&zoom=1&itbs=1&tbnid=1UxX5z_aGbalxM:&tbnh=94&tbnw=118&prev=/search?q=clipart+charting&hl=en&sa=G&tbm=isch&ei=4PWRTbuRC8nJcZ_bgYsH
http://www.google.com.sg/imgres?imgurl=http://www.officeclipart.com/office_clipart_images/a_colorful_bar_graph_and_arrow_showing_a_decline_in_sales_0515-1009-1002-2238_SMU.jpg&imgrefurl=http://www.officeclipart.com/office_clipart_images/a_colorful_bar_graph_and_arrow_showing_a_decline_in_sales_0515-1009-1002-2238.html&usg=__RTcP3bOjpZEjXPyY3sUlF3LWTu4=&h=296&w=300&sz=28&hl=en&start=10&zoom=1&itbs=1&tbnid=k6uBF-tNRDa8xM:&tbnh=114&tbnw=116&prev=/search?q=clipart+bar+chart&hl=en&sa=G&tbm=isch&ei=PfaRTbOAG4nZce2liYsH
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Major Benefits

• Efficient and Effective System
- supports management reporting 

• Good accessibility of safety data 
- transparency

• Improved mandatory occurrence reporting process

• Capture Hazards

• Standardize Format – data sharing
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Moving Ahead

• Safety sharing with industry on trends and lesson learnt 

• Further enhancement to the system by including more 
scope / areas – new ECCAIRS version 

• Integrates with Safety Oversight Management System 
(SOMS)
- attain safety data at aggregate level
- improve analysis and trending

• Support future Risk-based Oversight Assessment



http://upload.wikimedia.org/wikipedia/commons/4/4a/Marina_Bay_Sands_during_2010_Youth_Olympics_opening.jpg
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