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accidents
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Imposed Risks

Natural risks
eg earthquake

Man-made risks
eg chemicals

Universal risks
eg asteroids

Localised risks
eg regional safety standards

New or poorly understood
eg nuclear

Familiar risks
eg car accidents
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Lost 
Earnings

Human 
Capital 

Method

Used to be the 
standard method

Willingness 
to Pay

Pain and Suffering

2017
Value 
$4.21 

million

Conceptually

Risk Aversion

Societal Benefit

Lost Earnings

Context 
dependent

NZ method 

Lost 
Earnings

Medical 
Costs

Societal 
Benefits

Hybrid

Australian method

Derived from a 
road safety 

context
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Recent Incidents
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The Challenge
The problem of frequency: 
 small rail industry
 relatively low incident counts
 very few higher consequence 

events. 

Record keeping historically patchy.
 5 years of recent improved 

record.

Source: NZ Ministry of Transport



The Challenge

 Under these circumstances how 
can we develop a best estimate
of the safety risks across both
common and rare event 
types?

Source: NZ Ministry of Transport



SPACE Risk Model

 This required a hybrid approach, 
drawing on New Zealand and 
international data, resulting in 
the SPACE model.

Safety
Performance
And 
Casualty
Estimates
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Tangiwai Disaster 1953
Source: Archives New Zealand
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Sample of Raw results
Type Operations Average

Expected 

Fatalities

(10-3 pa)

Max Credible

Fatalities from 

Single Event

Confidence 

Class

Collision (level 
crossing)
Pedestrian All 1200 1 A
Bus All 75 30 C

Heavy Vehicle Mainline 343 15 A
Heritage 76 15 D



Risk Weighting

Method 1: treating every 
circumstance equally.

Method 2 : weight assessment in an 
effort to reflect broad societal 
values on risk acceptance. 



Example: Influence of Volition

 Reseach by Covey et al (2008) found that:
Public would reduce willingness to spend on preventing a statistical 

falatity if victims are behaving iresponsibly: e.g.

 adult trespassers engaged in acts of vandalism, 

 adult car drivers behaving irresponsibly at level crossings, 

 adult drunks falling from platforms

 child trespassers engaged in acts of vandalism,

 suicides.

The Value of Preventing a Statistical Fatality (VPSF) 

ratios relative to the baseline case around 40% of the 

baseline figure. 



Weighting: Party (Volition)

1 Unauthorised Member of Public (UMOP) 
2 Level Crossing User 
3 Railway Worker
4 Passenger
5 Member of Public (Bystander) 



Weighting: Control

1 Unauthorised Access 
2 Level Crossings
3 Natural Events
4 Technical risks 



Result: Weighted Rankings



Interesting Outcome
 Tsunami risk was the highest ranked risk.
 Emerging understanding of tsunami risk in New 

Zealand and internationally.
 The biggest ever railway disaster arose in Sri 

Lanka during the Boxing Day tsunami of 2004.
 This wouldn’t have been assessed under 

conventional historical incident analysis, as no 
rail fatalities have been observed due to 
tsunamis in New Zealand history.



Consistency and Reliability
 How can you have consistent and reliable 

results when the method varies?
 Researcher degrees of freedom
 Researcher choices can greatly affect the outcomes
 Judgement
 Fit for purpose
 Peer review

 Best available estimate of safety risk given 
current state of knowledge



Discussion
 Intent is to draw on best available data and apply 

most approriate risk assessment approach.
 Builds a transparent and rational overview.
 Peer review and industry working group 

oversight.
 Building consensus on main risks.



Findings
 Hybrid approach is useful 

to build a system overview 
where incidents occur at 
widely different 
frequencies.

 Resarcher degrees of 
freedom – results may not 
be replicable.

 Needs to be used with care 
and with understanding of 
limitations.
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Ministerial 
Inquiry

1 in 1,000

1 in 10,000

1 in 100,000

1 in 1,000,000

Industry and 
public pressure 
reacting to fatalities 
and serious injuries
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Costs Benefits

Safety

Cost savings

Other

Time

Resources

Expense



Edwards vs National Coal Board, 1949
Reasonably practicable is a narrower term than ‘physically 
possible’ …

…if it be shown that there is a great disproportion 
between [the quantum of risk and the sacrifice to avert it] 
– the risk being insignificant in relation to the sacrifice –
the person upon whom the obligation is imposed 
discharges the onus which is upon him. 



http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjR1Yyc0YvQAhXHQpQKHZ_9DVAQjRwIBw&url=http://xtranewscommunity2.smfforfree.com/index.php?topic=2952.25&psig=AFQjCNGJLmFNSL22KhGxqEk1y9IWPNQGMA&ust=1478229786397373

