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Welcome to the RESG 
Safety Data Analysis 
Workshop 



Why are we here?



Monday 1400 – 1700

1400 – 1415 – Introduction and Workshop Plan
1415 – 1515 – Data Sources - Open and closed data sources, how to combine the data? (Interactive) 
1515 – 1545 – Coffee Break
1545 – 1700 – Analysis techniques - Web scraping examples

Tuesday 0900 – 1700

0900 – 0915 – Recap and Questions - Data sources and Web scraping
0915 – 1015 – Analysis techniques continued - Our Tools and utility - What tools do you use? (Interactive)
1015 – 1045 – Coffee Break
1045 – 1200 – Analysis techniques continued - Statistical based approaches
1200 – 1300 – Lunch
1300 – 1400 – Barrier Modelling - Risk evaluation
1400 – 1430 – Coffee Break
1430 – 1515 – Safety Performance Indicators - What are they?
1515 – 1600 – Dashboard creation - Combining Barrier Modelling and SPIs (Interactive)
1600 – 1700 – Actionable Insights (Action and Prioritisation) 
1700 – 1730 – Round up and Questions

Workshop Plan
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Data Sources



Which data sources do we use?

AvStats

Internal Sources External Sources

Big Data

Aircraft Register

Aircraft Utilisation

MOR Data

Entity Performance

Audit Data

Airprox Data AIB Data
Confidential Incident 

Reporting

Global Accident Data



What other data can we use?

Web Scraping 
(Python or VBA)

Python Library or 
JSON API
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Web Scraping Example



Aviation Safety Network (ASN) Web Scraping



Aviation Safety Network (ASN) Web Scraping



Aviation Safety Network (ASN) Web Scraping



Aviation Safety Network (ASN) Dashboard



Meteostat Python Code
• Meteostat weather data can obtained using a Python Library.

• A number of variables are available for global weather stations, daily and hourly.



Tools

INGESTION STORAGE

INTEGRATION MANAGEMENT

PROCESSING

REPORTING DATA SCIENCE 
CAPABILITY

Safety Intelligence team

But also:



Group Exercise

AvStats

Internal Sources External Sources

Big Data

Aircraft Register

Aircraft Utilisation

MOR Data

Entity Performance

Audit Data

Weather Data

Global Incidents and  Accidents

• How can the following be used together to provide more insight than just MOR data?

• What additional data would we need to make this work?
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Analysis Techniques



A one-line macro was written using VBA in Excel for ECCAIRS 1 Data Manager outputs to transform multiple 
lines of data to a single line with multiple columns for records with the same file number.

The Excel One-Line Macro – ECCAIRS 1

File Number Event Type
123456789 123
123456789 456
123456789 789
123456789 234
123456789 567

File Number Event Type 1 Event Type 2 Event Type 3 Event Type 4 Event Type 5
123456789 123 456 789 234 567



The same conversion of rows to columns can be achieved using SQL.
1. In tables with an instance ID (e.g. Event Type)
SELECT File_Number, [1] as [Event Type 1], [2] as [Event Type 2], [3] as [Event Type 3], [4] as [Event Type 
4], [5] as [Event Type 5], [6] as [Event Type 6], [7] as [Event Type 7], [8] as [Event Type 8], [9] as [Event Type 
9], [10] as [Event Type 10], [11] as [Event Type 11], [12] as [Event Type 12], [13] as [Event Type 13], [14] as [Event 
Type 14]

FROM

( SELECT File_Number, Event_Instance_ID, Event_Type_Description

FROM Eccairs.Eccairs_Events_View

where [Event_Type_Description] <> '' and Is_Active <> 2

) PS

PIVOT

( MAX(Event_Type_Description)

FOR Event_Instance_ID IN ( [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14])

) AS PVT

One-Line Macro Equivalent in SQL



2. In MVA tables without an instance ID (e.g. Occurrence Code)
SELECT File_Number, [1] AS [Occ Cat 1], [2] AS [Occ Cat 2], [3] AS [Occ Cat 3], [4] AS [Occ Cat 4]

FROM

( SELECT Occ1.File_Number, Occ1.Attribute_Desc, 1+ ([rowid] - minrowid) AS OCC_CAT_Instance_ID FROM

(SELECT [File_Number], [Attribute_Name], [Attribute_Desc], ROW_NUMBER() OVER(ORDER BY file_Number, attribute_value) AS rowid

FROM [Eccairs].[Eccairs_Occurrence_MVA_View]

WHERE Attribute_Name = 'Occurrence_Category' and Is_Active <> 2) Occ1

inner join

( SELECT OM.[File_Number], MIN(OM.rowid) AS minrowid FROM

(SELECT [File_Number], [Attribute_Name], [Attribute_Desc], ROW_NUMBER() OVER(ORDER BY file_Number, attribute_value) AS rowid

FROM [Eccairs].[Eccairs_Occurrence_MVA_View]

WHERE Attribute_Name = 'Occurrence_Category' and Is_Active <> 2) OM

GROUP BY OM.File_Number) Occ2

ON Occ1.file_number = Occ2.file_number

) PS

PIVOT

( MAX(Attribute_Desc)

FOR OCC_CAT_Instance_ID IN ( [1], [2], [3], [4])

) AS PVT

One-Line Macro Equivalent in SQL



Correlation

Correlation means that there is a relationship between two variables

Positive Correlation
Negative Correlation

Polynomial Curve

Bell Curve No Correlation



Correlation and Causation

Beware! Not all correlations are meaningful.

Stop global warming: Become a Pirate

We need to do 
something 

about global 
warming



Regression Lines

Regression lines define 
the relationship between 
selected values of X and 

observed values of y 

Regression lines are also 
referred to as trend lines

Upon this line data can 
be plotted to visualise 
any interdependencies 

that may exist

In reality data rarely fits 
exactly on this line, 

hence the name line of 
best fit

REMEMBER: Statistical Tests Should only be 
used when it is appropriate



Forecasting Birdstrikes
• Of the most common event types, birdstrikes appear to show the greatest degree of seasonality.
• The number of birdstrikes will be forecast using 2 approaches:

• Linear Regression using weather data.
• Time Series using historical birdstrike data.

• Both techniques are demonstrated using Python.



Forecasting Birdstrikes - Regression
• We can use weather data to estimate the number of birdstrikes using linear 

regression.
• The approach relies on accurate weather forecasts, so can only be used reliably 

for a few days ahead.
• The number of birdstrikes is correlated with Temperature, Pressure and 

Precipitation.
• For temperature alone, weekly number of birdstrikes = (6.3*temperature) –

9.5 (can anyone see a limitation here?). The R^2 statistic is 0.585, so most of 
the variance is accounted for by temperature alone.

• Adding Precipitation improves the R^2 statistic to 0.631. Adding pressure does 
little to improve the R^2 value.



Forecasting Birdstrikes – Time Series
• We can also estimate the number of birdstrikes using a Time Series approach.
• There are 2 components in a time series forecast: trend and seasonality.
• The approach relies on historical data, so may not be accurate for any given future year.

Average Forecast Method Holt-Winters Forecasting Method



Automatically Identifying Correlations in Data –
Python in Alteryx



Automatically Identifying Correlations in Data –
Python Code in Alteryx



Effect of Sample Size in Hypothesis Testing
• Sample size is important in hypothesis testing.
• An increase or decrease in sample size can make a difference to a hypothesis being accepted 

or rejected.



Effect of Sample Size in Hypothesis Testing - Smaller
• Sample size is important in hypothesis testing.
• A smaller sample size leads to the hypothesis being rejected.



Effect of Sample Size in Hypothesis Testing - Larger
• Sample size is important in hypothesis testing.
• A larger sample size leads to the hypothesis being accepted.



Text Classification
• A Python text classifier was built to predict ECCAIRS Event Codes from the Narrative.
• The classifier was then tested to evaluate its accuracy vs. human event code tagging.
• Some event types were more successfully identified by the classifier than others.



Text Classification – Alteryx workflow
• The same text classification approach can be achieved with a workflow in the Alteryx ETL tool.
• This workflow attempts to classify occurrences as birdstrikes or laser strikes using 2 approaches.



Text Classification – Narrative Words
• Certain words in the narrative allow a successful classification.
• Some event types are not so easy to identify in this way due to the variation of the narrative.



Sentiment Analysis with Python
• We have used Sentiment Analysis with Python to attempt to triage emails 

based on the tone (positive or negative) of the email.
• We found that an untrained Sentiment Analysis approach was unable to 

do this task successfully.



Analysis Summary
• We have looked at a number of approaches to analysis using the following tools:

• SQL
• VBA (Access, Excel)
• Power BI
• Python
• Alteryx

• Python is a powerful and flexible tool which can help us automate processes:
• Text classification (e.g. event types and occurrence categories).
• Identifying correlations in data (e.g. commonly-occurring event types for a certain 

engine type, event types frequently seen at a certain airport).
• Forecasting certain types of occurrences based on historical data or weather data.
• Email triaging.
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Barrier Modelling



• Gain an appreciation of what a barrier model is
• How a barrier model fits into the overall regulatory and 

SMS framework
• Understand barrier modelling methodologies 
• Identify the different elements of barrier modelling and 

how they fit together
• Understand the differences between critical and non-

critical controls
• Visualise the concept of barrier efficacy
• Identify the importance of a barrier model as a live 

document that requires constant review 

Module Overview



• The Barrier model provides an 
established method to assess the 
probability of progression to an 
accident

• Barriers are not always 100% effective 
- holes in the system

• Focus on improving performance of 
barriers by initiating appropriate safety 
actions

Introduction to Barrier Models

What is a Barrier Model
A barrier model provides a framework through which you can identify 
defences in your safety system and quantify their respective effectiveness



Requirement 
identified

Data and 
Insight 

Gathering
Development 

of model

Evaluation of 
model

Hazard 
Identification

Risk 
Assessment

Safety 
Actions

Safety 
Promotion

The Lifecycle of a Barrier Model

Similar in many ways to an effective SMS, your barrier models should be created 
and maintained as part of a never-ending improvement cycle

A simple SMS cycle is presented 
above and enable you to identify 
hazards/risks and take/measure 
actions to manage them to an 
acceptable level

The lifecycle of a barrier model is 
very similar and should be 
maintained as part of a cycle that 
keep the model updated and current



SIRA

BowTie

Event and 
Fault Tree

BORA & 
Risk OMT

SIRA

BowTie

Introduction to Barrier Models

Examples of Barrier Models

Event 
and 

Fault 
Tree

BORA

There are many different types 
of barrier modelling that you 
can use, and it really comes 
down to which methodology 
you think will work most 
effectively for your business

Although visually these 
methodologies can be very 
different, they all share similar 
components

At the UK CAA we use Bowtie 
modelling extensively and more 
information can be found in 
CAP1329

https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=6848


BowTie Model

Similar to SIRA, the BowTie model visualises risk along a timeline starting from 
the cause and ending in the effect. Each line on the BowTie is a threat line upon 
which barriers can be placed.



Key Components of a Barrier Model

Regardless of how you want to visualise your barrier model they all share 
the same 6 basic components that we will now explain in more detail

Hazard

Top Event

Threat

ConsequenceHazard

Event

Threats

Consequences

ConsequenceBarriers

Consequence
Escalation 

Factors



Hazard Top Event

Threat Consequence

Hazard Top Event

Threat Consequence

Can you spot what is missing?

The ever-present object or condition 
that is involved in most if not all 
activities we participate in everyday

What the hazard could lead to

The thing that could lead to the 
event becoming a reality

What could happen if the top event 
were to happen

Key Components of a Barrier Model



Controls

Escalation Factors

What things can we put in place to reduce 
the chances of our event occurring or 

reduce the impact of it

What things could cause our controls or 
barriers to either not work or work less 

efficiently

Controls

Escalation 
Factors

Key Components of a Barrier Model (2)



When to Create a Barrier Model

When assessing or 
reassessing risk areas

When trying to understand 
existing risks in your SMS

To define and monitor 
associated safety actions

When trying to identify 
potential weaknesses in your 

system



Building a Bowtie model can be done in 8 key steps:

Building a Bowtie Model – Key Steps

Identify 
Hazard

Identify Top 
Event

Identify 
Threats

Assess 
Consequences

Identify 
Controls

Identify 
Recovery 
Controls

Identify 
Escalation 

Factors

Identify 
Escalation 

Factors 
Controls



Bowtie Modelling Guidelines

Step 1: 
Identify your hazard

Step 2: 
Identify your top event

Step 3: 
Identify your threats

Step 4: 
Identify the consequences



Bowtie Modelling Guidelines

Step 5: 
Identify the threat controls

Step 6: 
Identify the 
recovery controls

Step 7: 
Identify the 
escalation factors 

Step 8: 
Identify the escalation 
factor controls 



• The perfect Bowtie does not exist, there is more than one 
approach

• The level of detail depends on the size of the organisation and 
the intended use of it (communication or risk management) and 
the targeted audience

• It is recommended that representatives of all disciplines within 
an organisation participate in the construction

• It is normal to start with lots of threats and consequences and 
reduce them as you develop the model

• Once you identify the hazard, the top events and the threats the 
rest is easier

Hints and Tips on Bowties



Safety Performance Indicators



What is an Insight?
An insight is a piece of information uncovered or identified through our day to day activities, 
activities such as analysis or stakeholder engagement that further develops or progresses our 
understanding of a given topic. 

If you think about any of your analysis you will start to see that insights have a depth to them, 
a depth we need to factor into our thinking. These are:

Visual 
- Level 1 – Visual, observation (increasing/decreasing numbers, trends, 
it’s doing this, it’s happening there, …) 
 
 

 
Interpretation 
- Level 2 – Interpretation, judgement, suggestion, indication (using 
knowledge and experience, it could be, looks to be…) 

 
 
Confirmation 
- Level 3 – Confirmation, understanding, validation (Comprehension, 
this is why it is or isn’t, its known and controlled) 
  



Actionable Intelligence

Actionable Intelligence; something becomes ‘actionable’ when it can be used as a 
reason for doing something. 

Supporting Aviation Data Driven Decision making (A3DM)

The best Insights lead to the best decisions

We should always aim for confirmatory Insights and attempt to 
answer the “So What?” question.



Insight example

The Analysis Task: ‘How many Runway Incursions were there at LHR last year?’

The Reported Result: ‘There were 120 Runway Incursions at LHR in 2018’

The Response: ‘What’s this telling me, do I need to be concerned?’

Not much time - Level 1 Insight, A visual observation 

There is an increase in runway 
incursions at LHR in 2018 over 
previous years events.

Insigh
t

Review the reports for 
causes

Suggested 
Action

Mock Data



Insight example

Moderate amount of time - Level 2 Insight, An interpretation of available information

The increase of runway 
incursions at LHR in 2018 over 
previous years may be linked to 
a recent change in ground 
operating procedures due to 
construction on the airfield.

Insight

Seek further information to 
confirm interpretation

Suggested 
Action

Mock Data



Insight example

Plenty of time - Level 3 Insight – A validated and confirmed Actionable Insight. 

The increase of runway 
incursions at LHR in 2018 over 
previous years, has been 
confirmed from feedback via 
Service Providers as being 
attributable to the construction 
taking place near terminal 3 
causing aircraft to take different 
routes to and from the terminal.

Insight

Review change management, 
WIP procedures and 
communication

Suggested 
Action

Mock Data



Insight Evolution

Visual Interpretive Confirmatory

There is an increase in runway 
incursions at LHR in 2018 over 
previous years events.

Insight

Review the reports for 
causes

Suggested Action

The increase of runway incursions 
at LHR in 2018 over previous 
years may be linked to a recent 
change in ground operating 
procedures due to construction on 
the airfield.

Insight

Seek further information to 
confirm interpretation

Suggested Action

The increase of runway incursions 
at LHR in 2018 over previous 
years, has been confirmed from 
feedback via Service Providers as 
being attributable to the 
construction taking place near 
terminal 3 causing aircraft to take 
different routes to and from the 
terminal.

Review change management, 
WIP procedures and 
communication

Suggested Action

Insight
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