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Ricardo Rail

Ricardo – a global, multi-discipline consultancy and 
niche manufacturer of high-performance products. 

Ricardo Rail – rail industry specialists within the 
Ricardo group working to ensure that communities 
around the world are served by safe, resilient, high-
performance railways. 

Multi-disciplinary expertise 
that cuts across traditional 
industry silos.

Systems Asset management

Specialist processes and 
technologies to improve 
efficiency across rail 
operations.

Independent

Timely approvals for rail 
components, products and 
entire systems.

engineering and optimisation assurance
Expertise in producing cost-
efficient responses to 
complex engineering 
challenges.

Design 
and analysis

Over 3,000 engineers

consultants and scientists

across 20 countries

Experts in critical and complex railway systems



Safety KPIs – Railway Regulator & Authority

ORR, UKORR, UK

ONRSR, AustraliaONRSR, Australia

ERA, EuropeERA, Europe

Near Miss

LTA, SingaporeLTA, Singapore



Safety KPIs – Railway Operator

Network Rail, UKNetwork Rail, UK Deutsche Bahn, GermanDeutsche Bahn, German

HS1, UKHS1, UK KORAIL, KoreaKORAIL, Korea

MTR, Hong Kong, ChinaMTR, Hong Kong, China JR East, JapanJR East, Japan BTS, ThailandBTS, Thailand



Lagging KPIs VS Leading KPIs

Leading Indicator
Proactive, preventive, and predictive measures that 
provide information about the effective performance 
of the health and safety activities

Lagging Indicator
Reactive measures safety incidents that happened 
in the past, and how severe the injuries or 
illnesses were

The leading indicator identifies failings or ‘holes’ in vital aspects of the risk control system discovered during 
routine checks on the operation of a critical activity within the risk control system. (HSE, 2006)
The leading indicator identifies failings or ‘holes’ in vital aspects of the risk control system discovered during 
routine checks on the operation of a critical activity within the risk control system. (HSE, 2006)

Lagging Leading



What are leading and lagging safety KPIs measuring?
Using Swiss Cheese Model to illustrate…

Risk Controls / Barriers

Hazard

Leading KPI measures (activities):
1) No. of risk controls / barriers 
2) Strength and effectiveness of risk 

controls / barriers (size of the “holes”)

Lagging KPI measures (events / outcome):
1) Failures / faults following series of holes 

(precursors)
2) Incident / accident if all risk controls are failed



How to develop leading KPIs?
An approach focus on risk control system

Hazard

Risk Controls / Barriers

Step 3
How to prevent / 
mitigate?

Identify key 
control 
measures

Step 1

What could go 
wrong?

Identify 
hazards

Step 2
What is the cause 
and outcome?

Analyse 
hazard cause 
& outcome

Step 4
How to measure?

Develop 
leading KPIs 
for key risk 
controls



Application of leading safety KPIs
A pilot study with railway operator in Asia

Objectives: To develop and verify the leading safety KPIs system through pilot applicationObjectives: To develop and verify the leading safety KPIs system through pilot application

Justify the safety 
investment based on safety 
performance and 
improvement

Interface with existing 
safety information 
management system 
(safety index) and provide 
supplementary information 

Build a scalable assessment 
model / tool to evaluate 
proactive safety 
management activities



Develop and verify leading safety KPIs
Key concepts and key tasks

Based on bow-tie models

Cover specific operational 
safety hazardous events

Establish leading KPIs 
on key risk controls

Review risk causation 
factors and consequences

Task 1 
Preparation
- Review data
- Establish 
initial models 

Task 2
Analysis

- Review 
hazard log
- Assess risks 
controls

Task 3 
Development
- Establish 
leading KPIs
- Define 
assessment 
matrix

Task 4 
Verification
- Pilot 
application
- Review 
results

Task 5
Evaluation

- Capture 
lessons learnt
- Develop 
rollout plan



Establish safety assessment model
Develop bow-tie models
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Establish leading safety KPIs
Using rolling stock preventative maintenance as example

What factors impact 
on risk controls 
effectiveness?

1. Conduct PM 
according to  

maintenance plan

2. Staff fulfill 
competence 
requirements

3. Ensure PM meeting 
expecting working 

quality

How to evaluate 
these factors?

1. Completion 
percentage of PM per 

maintenance plan

2. Specific training for 
staff

3. Independent check 
of maintenance quality 
(for those with specific 

risks)

What are 
measurable targets?

1. Completion 
percentage achieves 

100%

2. Two specific 
trainings to each staff 

per year

3. Independent 
checking percentage 
for maintenance with 
specific risk is 100% 
(e.g., turning angle, 

specific tool to check)



Verification of safety assessment model
Pilot study for 3 months and review of monthly assessment results

Reporting based hazardous eventsReporting based hazardous events Reporting based on various departmentsReporting based on various departmentsReporting based key risk controlsReporting based key risk controls



Evaluation and lessons learnt
What’s working and what to improve?

• Inadequate understanding 
of risk causation models

• Different views on key risk 
controls

• Different views on  
measurement and target 
setting, and level of details

Establishing KPIs Tracking KPIs Integrate with wider SMS

• Inconsistent reporting on 
KPIs

• Lack of integration to 
existing database / 
monitoring platform

• Different understanding of 
measurement and 
evaluation criteria on KPIs

• KPIs established not fully 
align with safety 
management maturity

• Perception on KPIs and not 
fully supported by 
organisational safety culture

Safety leading KPIs <> Organisational Safety CultureSafety leading KPIs <> Organisational Safety Culture



Understanding of risksUnderstanding of risks

Conclusion

Integrate with SMSIntegrate with SMS
Support by Safety 

Culture
Support by Safety 

Culture
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THANK YOU


