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EXECUTIVE SUMMARY AND CONCLUSIONS

The Ambidji report on GAAP aerodromes establishes, once again, that the ATM risk outcomes criteria used by CASA are currently dysfunctional and need further development.

The use of F/N curves in the report can be criticised as they are based entirely on societal risk criteria, depend on annual frequency of accidents and cannot take account of the size or scope of the system under study.  The individual risk criteria produced by DNV (a risk assessment consultancy engaged by Airservices Australia) also takes account of societal issues, and can accommodate differently sized systems, but unfortunately, needs further development to include a rational basis for apportioning allowable individual risk between types of hazard.

This paper reports an attempt to combine these criteria by using the DNV individual risk criterion for the critical participant, to provide a rational basis for moving the risk lines – which define the allowable accident rates on the F/N curve – to take account of the size or scope of the system under study.

This approach was tested against the US Empirical data for FAA Class D towers and shown to deliver expected outcomes for single aerodromes with movements rates up to 500,000 pa and combined aerodromes up to 1,500,000 movements pa – with every expectation that this can be extended to higher movement rates effectively without theoretical limit.

Since the ATM safety outcomes at Class D aerodromes in the US is regarded as an, if not the, international benchmark, and must be regarded as consistent performance at a range of movement rates, this outcome then becomes a validation, and a second justification for the movement of these risk lines.

The end result is that the current ‘Upper Cap’ or ‘Intolerable’ line is used as a base line case which applies up to a movement rate of 50,000 pa.  Above this movement rate, this line is moved up, in proportion to the total number of movements to accommodate larger systems.  The other lines are then positioned successively, as now, one order of magnitude below this line.

This result could have just been assumed – but the critical outcome from these calculations is the quantitative justification, based on explicit assumptions which can be tested and altered if desired.

It is further recommended that the terminology be made more informative and less emotive with the risk lines being renamed:  Upper Cap, Upper ALARP, Mid ALARP and Lower Cap or Trivial.

Finally, it is a strong recommendation of this study, that CASA make more use of the international benchmark for safety outcomes provided by the simple and reliable US empirical data for untowered and Class D towered aerodromes.  

Based on this analysis the conclusion made by the Ambidji report, that outcomes are intolerable, is not supported.  Nevertheless, this analysis shows that prompt action is still justified.

Aspects of the Ambidji analysis are not considered scientific and should be rejected by CASA.

Bob Hall

RECOMMENDATIONS
Recommendation 1 

That CASA should continue to use the F/N curves to quantify ATM risk criteria at one or more associated locations, because this approach conveniently codifies societal attitudes to risks; but CASA should modify this criteria by moving the risk lines on this graph which codify the criteria so as to take account of the ‘size’ of the system under study, as described in this report and summarised below:

That CASA retain the existing risk lines, as a base line case which applies up to 50,000 movements pa but above this total movement rate, the risk lines be moved up in proportion to the total number of movements in the system under study.

The justification for this approach is as follows.

Firstly, this movement of the lines on the F/N curves defining the risk criteria takes appropriate account of the size of the system while maintaining very conservative protection for the individual risk of a participant, based on a level of exposure not likely to be exceeded by any single participant.  

Secondly, that this modified criteria delivers appropriate outcomes at locations with a range of movement rates, when tested against the US empirical data for a Class D tower, both at single airports and taking several airports in common.

This second justification relies on the fact that the US empirical data quantifies a statistically significant and proven, average performance; which is regarded as an, if not the, international benchmark for such outcomes; at a range of movement rates up to as high as might be expected for a single airfield not subject to Class C controlled airspace, as well as for several locations taken in common; and delivers an outcome in the Scrutiny range for these high movement rate airports, as might reasonably be expected. 

Performance better than this would be regarded as good and worse than this would need some action..

Recommendation 2

That the nomenclature be modified to remove emotive terms and that the risk lines be renamed as follows.

The F/N curves specify an ALARP criterion as required by the Standard – that is a capped, cost benefit approach.

The current sequence from the top is:   Intolerable, Scrutiny, Mid ALARP and Acceptable

These should be replaced respectively with:  Upper Cap, Upper ALARP or Scrutiny, Mid ALARP and Lower Cap or Trivial.

Recommendation 3 

That CASA make more use of the US empirical data as a reference case for the acceptability of safety outcomes.

Bob Hall
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1.  BACKGROUND

The Ambidji report on GAAP aerodromes has raised, once again, the matter of risk criteria and risk assessment processes.  Current risk processes used by the OAR and CASA are heavily based on societal risk criteria.  

It is well recognised that the Australian community has a very low tolerance to fatalities in aviation and a zero tolerance to any systemic failure associated with any of these fatalities.  Risk criteria used by CASA, and required by the Department, are accordingly heavily based on societal attitudes.  

While it is important to take account of societal attitudes, distortion of the realities of risk faced by any industry is not in the national interest.  

There have been some high profile instances, such as the response to 9/11 and the public reaction to side effects of medication, particularly of immunisation.  (After 9/11 so many people avoided airline travel in the US by driving, that there were 1500 additional deaths on the roads – more than the total killed in the air in the 9/11 attacks.)  

The reaction of some in the Australian Industry and Regulator, has been to allow this attitude to drive risk assessments and criteria, tending to add to, rather than balance this trend.  While the Regulator and the Department must protect itself against this public perception, it is very important to achieving the best safety outcomes that this emotive reaction be balanced by cool consideration via the best available risk assessment process and criteria.

The UK takes this so seriously that the University of Cambridge has created a Chair of the Public Understanding of Risk – a post held by a very eminent mathematician, Professor David Spiegelhalter.

What is needed is a carefully documented, defensible and systematic risk management process.  Risk elimination is not possible and the Regulator must be prepared, and able, to defend its actions after the unpredictable accident has occurred.  

Put simply, while the Regulator and the Department may not be able to fend off the public reaction to a major accident – however unlikely – appropriate preparation and systems can allow a defence against the charge of a systemic failure and this should be the guiding objective. 

Fundamental to this rational approach are the risk criteria used to assess the acceptability of risks determined by the risk assessment processes.

2.  AIRSPACE RISK CRITERIA

Societal risk criteria tend to focus on a time based (annual) frequency of accidents – so that a small airline may seem to the public to be safe simply because it has never had an accident, whereas a large airline with a very good safety record, but not accident free, may appear to be driven by ‘commercial considerations’ and hence and be regarded by the public as ‘less safe’.

An overall risk criteria must take account of societal risk tolerance but must, at the same time, provide a firm basis for rational risk management decisions.

An acceptable criterion must – as a minimum – be tested against international benchmark performance and be flexible enough to deal with systems of different size or scope.  

Also, if risk management is to temper societal reactions the terminology used needs to avoid being emotive.

The two approaches use by CASA are the F/N curve which is societal and implements, or at least depicts, a capped cost benefit approach known as ALARP; and the DNV individual risk criterion.

F/N Curves

The F/N curve is based on annual frequency of accidents and take no account of the ‘size’ or scope of the system under study.  This makes this criterion dysfunctional in an overall sense.  

For example the F/N curves now used would allow the same number of accidents at Camden, with 34,000 movements pa, as at Bankstown, with 415,000 movements pa.  Or even more clearly, if we asked the question is ‘Bankstown safe enough?’ and the question ‘are all the GAAP aerodromes taken together, safe enough?’ the F/N curves would allow the same number of accidents at one airfield as at all six GAAP airfields.

Finally, the current F/N curves place a US Class D tower with 300,000 movement pa into the intolerable region.  As US Class D tower operation is an, if not the, world benchmark for ATM outcomes – this result makes no sense and is unacceptable.

DNV Individual risk Criteria

The DNV criteria were developed under Airservices in an attempt to resolve this now well recognised failure of the F/N curves.  DMV used accepted OH&S criteria and applied these to typical participants – pilots, air crew, instructors, passengers etc. to develop individual risk criteria.  

This criterion on its own has not been successfully used because it requires that the overall tolerable risk be apportioned between the relevant different hazards and this has not been successfully achieved.  DNV attempted a global decision which is not workable because individual risk exposure varies substantially.

A Combined Risk Criterion

This document is an attempt to a)  Use the DNV individual risk criterion for the critical participant to modify the current F/N criteria to take account of the ‘size’ of the system under study and  b)  to introduce less emotive and, hopefully, more meaningful terminology.

3.  TERMINOLOGY

The terminology currently used is, in my view, unnecessarily emotive given the objective of balancing the emotive, societal response and is, in at least one case, misleading (‘acceptable’ meaning ‘trivial’ or not needing any mitigation, however cheap or simple to implement).

The lines on the F/N curves, now termed, Intolerable, Scrutiny, Mid ALARP, and Acceptable; should be renamed, from the top.

Upper Cap, Upper ALARP, Mid ALARP and Lower Cap or Trivial.

These would be given the current definitions.  

If the term ‘Intolerable’ is to be used then the situation must truly be intolerable.  There is ample evidence that in many cases this frequency of accidents is not intolerable.  There was no public outcry against the outcomes at GAAP airfields.

The term ‘Scrutiny’ suggests that cases below this line will not be scrutinised.

The term ‘acceptable’ suggests that all above this line is not acceptable.  Most of our operations operate above the current ‘Acceptable’ line.   

4.  RISK CRITERIA AND THE US EMPIRICAL DATA

The simplest and most reliable criteria for evaluation of safety outcomes is direct comparison with international benchmark outcomes.  

In this context, the US empirical data, which is a reliable and statistically tested correlation based on a substantial body of hard data, represents the best established international benchmark and more use must be made of this data and correlation.

Ambidji incorrectly characterise this data as a ‘model’.  It is not a model but a correlation, and as such, represents a considerable body of hard data, with demonstrated statistical significance (better than 95% confidence – US FAA publication FAA-APO-90-7 ‘Establishment and Discontinuance Criteria for Airport Traffic Control Towers’).

5.  MODIFIED F/N CURVES

5.1  Overall principle
The principle proposed is that the ‘Upper Cap’ (‘Intolerable’) line be raised, where appropriate to allow a higher overall frequency of accidents where justified by the ‘size’ of the system under study.  This movement of the lines of the F/N curves would be based on the DNV individual risk criteria.  This will create a rational basis for this movement relying on a number of explicit assumptions which can be subject to scrutiny and change if required.  

It is proposed that the existing F/N criterion be used as a base line until the size of the system – or more specifically the number of movements – requires these curves to be raised allowing for more frequent accidents in the larger system – as required.  

Then the other lines (‘Upper ALARP’, ‘Mid ALARP’ and ‘Lower Cap’) placed, as now, successively one order of magnitude below this modified ‘Upper Cap’ (‘Intolerable’) line.

This calculation depends on a number of assumptions which are described throughout the text and summarised in the appendix below.  This calculation will use the values chosen by Ambidji, however, these assumed values can be subject to scrutiny and modified if desirable.

5.2  Calculation Principle

The current position of the ‘Upper Cap’ is equivalent to one accident involving one fatality per 10 years.  (Frequency = 0.1 at 1 fatality per accident.)  This criterion is retained as the base line case.

(It is appropriate to question whether it actually is realistic to set this fatality rate as the baseline ‘Upper Cap’ or ‘Intolerable’ line in an ALARP criterion – given the lack of public reaction to accidents at GAAP airports – but this is not the thrust of this paper.  As above, this and other assumed constants can be tested and changed if desired.)

The approach taken here will be to use the DNV individual criterion to calculate where these lines need to be moved. 

The US empirical data for towered airfields are regarded as an international benchmark.  Also, performance to this standard at different movements levels must be regarded as equivalent safety performance – so the criterion developed should show consistent performance over a range of traffic densities.

5.3  DNV Individual Risk
This is based on intolerable risk levels set by OH&S and used in other industries.  An overall risk of 1.0 x 10‑3 pa is assumed intolerable (upper limit or cap) for aircrew and 1.0 x 10-4  pa for passengers.  

This is a societal risk criterion and it is not related directly to hours flown.  The individual risk is based on individual exposure.  Individual exposure does not alter as the ‘system’ under study increases in size – so this criteria takes account of both societal attitudes and also allows application to operations of different size.

This total or overall risk faced by an individual must be apportioned between the different types of hazard faced by that individual.  This apportioning of risk between different types of hazard is difficult and can only be based on ‘expert opinion’.

In this case the total risk must be apportioned between those due to ATM hazards and other aviation hazards.  DNV attempted to make a global allocation but this does not seem either reasonable or functional.  This allocation needs to be based on the type of exposure involved for each individual group and circumstance.    

5.4  Individual Intolerable Risk for Instructors

The Ambidji analysis shows that, because of exposure, the critical individual group in terminal airspace is Instructors.

Ambidji assumed that for this group ca 50% of the total risk was attributable to ATM risk essentially all of which was associated with the terminal airspace.

This assumption seems reasonable in this case – and accordingly this study will also assume an intolerable risk (or upper cap) for ATM risks in the circuit area for instructors is 0.5 x 10‑3 pa  (as per Ambidji).  

Ambidji assumed 500 hours pa, 50% of which is in the circuit are and 8 circuits per hour in the circuit area; resulting in 2000 circuits pa.

5.5  Upper Cap or Intolerable Risk Line Based on Individual Risk

Assuming an individual risk of 0.5 x10-3 fatalities pa for instructors then the ‘Upper Cap’ or ‘Intolerable’ level for the whole operation with M x 106 movements is determined as follows:

Assuming GA operations, each MAC involving an instructor involves four persons (two aircraft and two people per aircraft) and a 50% survivability – ie two fatalities in total. 

Further, a quick reference to ATSB figures shows that accident rates for training flights are less than half that for overall GA performance (quantified by the US empirical data).  Accordingly, the estimated risk level faced by an instructor is halved on this basis.
Intolerable level for the whole operation =

2 x 2 x ((Individual Risk, Instructors)/2000) x M x 106.    (see Table 1)

 = (4 x 0.5 x 10-3)/2000 x M x 106 = 1.0 x M 

The first factor of two allows for two fatalities per MAC and the second factor of two allows for the fact that training accidents have half the accident rate of overall GA

Table 1 Total Fatalities pa at Risk Levels Making an Instructor 

Reach Intolerable Individual Risk Levels

	Movements pa
	Overall Fatalities pa

	50,000
	0.05

	100,000
	0.10

	200,000
	0.20

	300,000
	0.30


If we assume two fatalities associated with this type of accident then the baseline (current) ‘Upper Cap’ or ‘Intolerable’ line passes through two fatalities at 0.05 Fatalities pa.

The base line ‘Upper Cap’ or ‘Intolerable’ line would then be used up to 50,000 movement pa.

And the ‘Upper Cap’ or ‘Intolerable’ Line raised in proportion to the number of movements pa above 50,000 movement pa.

This defines the desired change to the ‘Upper Cap’ or ‘Intolerable’ line.

Table 2  F/N Origin for the ‘Upper Cap’ or ‘Intolerable’ Line 

in the Proposed Modified F/N Criterion

	System Under Study
	Movements
	F/N Origin ‘Upper Cap’ or ‘Intolerable’ 

Frequency at 1 fatality

	
	
	Calculated
	Rounded

	
	(50,000
	0.10 pa
	

	
	50,000
	0.10 pa
	

	
	100,000
	0.20 pa
	

	
	200,000
	0.40 pa
	

	
	400,000
	0.80 pa
	

	
	600,000
	1.20 pa
	

	
	1,000,000
	2.0 pa
	

	
	2,000,000
	4.0 pa
	

	
	
	
	

	Archerfield*
	146,000
	0.292 pa
	0.3 pa

	Bankstown*
	418,000
	0.836 pa
	0.9 pa

	Camden*
	34,000
	0.100 pa
	0.1 pa

	Jandakot*
	414,000
	0.828 pa
	0.8 pa

	Moorabbin*
	372,000
	0.744 pa
	0.75 pa

	Parafield*
	141,000
	0.282 pa
	0.28 pa

	All six GAAP*
	1,525,000
	3.050 pa
	3.0 pa


*  Traffic densities were taken from Column 4 (2008/09 based on Jan 09) Table GAAP Profiles (page appendix to the  Ambidji report).  There seems to be some doubt as to actual effective traffic densities at some GAAP airports however these figures do not affect the testing of the proposed modified F/N criterion

5.6  Evaluation of the Criterion Against the US Empirical Data

The proposed criterion were tested by examination of the performance at aerodromes with traffic densities as for the GAAP aerodromes, based on outcomes quantified by the US empirical data for an FAA Class D Tower.

For a Class D tower based on the US empirical data we have:

1.  Collision pa = 0.834 x M2   where M = (movement pa)/106.  (Column 3 table 3 below)

2.  Assuming a GA operation (two occupants), with 50% fatality rate (Ambidji), the fatality rate equals twice the accident rate.     (Column 4 Table 3 below) 

3.  The ‘Upper Cap’ or ‘Intolerable’ line on the F/N at 2 fatalities per accident is half that at the origin (one fatality per accident – column 3 Table 2 above).

Hence:  

‘Upper Cap’ at 2 fatalities per accident = (‘Upper Cap’ at F/N Origin)  x 0.5   (column 5 Table 3 below)

Table 3  Evaluation of the Proposed Criterion against the US Empirical Data for Class D Tower

	Location
	Movements pa
	Accident Risk  pa
	Fatalities pa
	Upper Cap

Fatalities pa

at 2 per accident
	Outcome
	Fatalities pa divided by Upper Cap

	
	50,000
	
	
	0.05 pa
	
	

	
	100,000
	0.0084
	0.0168
	0.10 pa
	Above Upper ALARP
	17%

	
	200,000
	0.034
	0.068
	0.20 pa
	Above Upper ALARP
	34%

	
	300,000
	0.076
	0.152
	0.30 pa
	Above Upper ALARP
	50%

	
	400,000
	0.135
	0.27
	0.40 pa
	Above Upper ALARP
	68%

	
	500,000
	0.208
	0.416
	0.50 pa
	Above Upper ALARP
	83%

	
	600,000
	0.300
	0.600
	0.60 pa
	At The Upper Cap
	100%

	
	
	
	
	
	
	

	Archerfield
	146,000
	0.018
	0.036
	0.146 pa
	Above Upper ALARP
	24%

	Bankstown
	418,000
	0.147
	0.294
	0.418 pa
	Above Upper ALARP
	70%

	Camden
	34,000
	0.0009
	0.0018
	0.05 pa
	At upper ALARP
	

	Jandakot
	414,000
	0.144
	0.288
	0.41 pa
	Above Upper ALARP
	70%

	Moorabbin
	372,000
	0.117
	0.234
	0.38 pa
	Above Upper ALARP
	61%

	Parafield
	141,000
	0.017
	0.034
	0.14 pa
	Above Upper ALARP
	24%

	All 6 GAAP
	1,525,000
	0.443
	0.886
	1.52 pa
	Above Upper ALARP
	58%


This analysis makes all Class D towers performing to US FAA standards with movements of above ca 100,000 pa and below 600,000 at the same aerodrome fall between the upper ALARP and below the Upper Cap (Intolerable) – ie in the current ‘scrutiny’ zone.  The criteria gives the same result for the combined operation of all GAAP aerodromes. 

The criterion places an FAA Class D tower at the upper cap at 600,000 movements pa.

It would therefore seem that this modified F/N criterion delivers the expected outcome for this recognised and consistent benchmark performance at a wide range of movements.

6.  Consequence for the Ambidji Analysis.

Quantitative analysis by Ambidji involves some questionable aspects.  Ambidji chose to base their analysis on a cluster of accidents which actually occurred at three of the GAAP aerodromes (only) over a period of nine years.  Ambidji filled in the lower results for the other three GAAP aerodromes with accident rate predicted from the US empirical data.  

The analysis relies on seven accidents and calculated an accident rate for all six airports based on these seven accidents – after filling in the lower accident rate at three of the airports with hypothetical additional accidents based on the US empirical data. 

The analysis ignored the excellent performance at all GAAP aerodromes for the first 20 years of operation.  

This cluster of accidents is not statistically significant.  This conclusion does not mean that this cluster should not prompt any action – but that the recommendation should have been that action should be taken despite the fact that the data is insufficient, because it would be irresponsible not to respond simply because statistical significance has not been proven.  

7.  Performance of GAAP Aerodromes Based on the Proposed Criterion.
7.1 Overall Performance

Since 1980 and the implementation of GAAP there have been a total of 9 MACs.  This is an overall frequency of 0.31 MAC pa leading to a fatality rate of 0.62 pa, which puts the performance well below the Upper Cap – 40% of the Upper Cap – and below that predicted for FAA Class D towers (0.9 pa).  Very clearly not in the Intolerable region. 

During the recent cluster there were 7 MAC in 9 years or an annualised rate of 0.78 accidents pa giving a fatality rate of 1.55.  This equals the upper cap for all six GAAP airfields calculated by this approach.

The question here is, is this cluster of accidents statistically significant?

7.2 Individual performance

Frequency of MACs per year for individual aerodromes after GAAP were:

Table 4  Analysis of Data for Individual GAAP Aerodromes.

	Aerodrome
	Overall (30 years)
	Last 9 years

	
	No. MACs
	Fatalities pa
	Upper Cap
	Significance
	No. MACs
	Fatalities pa
	Upper Cap
	Significance

	Bankstown
	3
	0.2
	0.4
	above Upper ALARP (50%)
	3
	0.66
	0.4
	Well above 

Upper Cap

	Jandakot
	2
	0.13
	0.4
	above Upper ALARP (32%)
	1
	0.2
	0.4
	above Upper ALARP

	Moorabbin
	2
	0.13
	0.38
	above Upper ALARP (34%)
	2
	0.44
	0.38
	Above 

Upper Cap

	Parafield
	1
	0.07
	0.14
	above Upper ALARP (50%)
	1
	0.2
	0.14
	Above 

Upper Cap

	Archerfield
	1
	0.07
	0.14
	above Upper ALARP (50%)
	0
	0
	0.14
	-

	Camden
	0
	0
	0.05
	
	0
	0
	0.05
	-


The data averaged over the full 30 years of operation of GAAP aerodromes shows performance as good or better than the US FAA Class D towers.  

The data over the last 9 years are too sparse to make any valid conclusion over and above those drawn from the combined performance.  A change of single accident either way would alter the significance of the calculated accident rate.

7.3  Consequences for Instructors at Class D Tower Aerodrome

Individual risk level for instructors operating at a GAAP aerodrome which achieves outcomes similar to the US empirical data for a Class D tower are shown in Table 5

This result shows that an outcome equivalent to a Class D tower lies within the tolerable region at all movement rates up to 600,000 pa.

Table 5  Individual Risk for Instructors at US Class D tower

	Location
	Movements pa
	Accident Risk and Fatalities pa
	Individual Risk Instructor

	
	100,000
	0.0084
	0.09 x 10-3

	
	200,000
	0.034
	0.15 x 10-3

	
	300,000
	0.076
	0.25 x 10-3

	
	400,000
	0.135
	0.35 x 10-3

	
	500,000
	0.208
	0.40 x 10-3

	
	600,000
	0.300
	0.5 x 10-3

	
	
	
	

	Archerfield
	146,000
	0.018
	0.125 x 10-3

	Bankstown
	418,000
	0.147
	0.35 x 10-3

	Camden
	34,000
	0.0009
	0.025 x 10-3

	Jandakot
	414,000
	0.144
	0.35 x 10-3

	Moorabbin
	372,000
	0.117
	0.30 x 10-3


8  Overall Conclusion based on this Approach

Use of this criterion allows consideration of both individual aerodromes and all six together and leads to the following conclusions:  

Over the past 30 years of operation, GAAP aerodromes have delivered acceptable performance, better than US Class D tower, except during the recent cluster of accidents.  This cluster of accidents, analysed as separate aerodromes – as the current criteria requires – is not statistically significant.  Analysis of all six airfields together – as allowed by the proposed criteria – probably does deliver a statistically significant result demonstrating a significant change.   

In either case, the outcome should not be classified as ‘Intolerable’.  The appropriate conclusion would be to assume the cluster does indicate a real change and accordingly a prompt response, aimed at identification of the causes, would be required.  

Bob Hall
APPENDIX   ASSUMPTIONS

1.  Baseline Upper Cap (Intolerable) is one accident involving one fatality in 10 years (as now).

2.  Intolerable individual risks are defined as 1.0 x 10-3 pa for aircrew and 1.0 x 10-4 pa for passengers

3.  The critical individual risk is an instructor – who is assumed to do;

500 hrs pa, 

50% of which is in the circuit area,

that hours in the circuit = movements/8,

leading to 2000 circuits pa.  

4.  For instructors it is assumed that 50% of the total risk exposure is due to ATM risks within terminal airspace and, hence, Intolerable risk for ATM risks in the circuit area for instructors is 5 x 10-3 pa (as for Ambidji) – ie one fatality per 2000 years.

5.  The US empirical data is used as an international benchmark.  This relationship is a correlation not model and summarises hard data averaged over all airports with an estimated confidence level of 95% or better (US FAA publication FAA-APO-90-7 ‘Establishment and Discontinuance Criteria for Airport Traffic Control Towers’).  Two separate correlations exist one for untowered airfields and the other for towered airfields (Class D presumably.)

6.  Assumes fatality rate 50%.

7.  GA operations assume 2 fatalities per MAC.
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