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Japanese High-Speed Rail (Shinkansen) an overview

Zero Passenger fatality in 56 years

2017, Bogey 
Frame Crack. 
Could have 
been fatal

Earthquake 
Protection

ATC/ ATP system
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o HSR, a complex socio-technical system (multiple components) (Kawakami 2014, Doi 2015, Hidema 2017)

Systemic interactions govern safety

Study of Organizational and 

Regulatory factors affecting 

Shinkansen safety is important

o Context of Shinkansen

▪ Rise in Automation

▪ Rise in use of ICT

Rise in degree of 

Organizational Control

(Crawford 2018)
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Issues in the organizational 

communication began to rise

Deregulation in the Railway Market (Trend generalizable across world)

Organizational and Regulatory factors’ importance
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Research Objectives

1.) Identify challenges in the current safety management practices at the organizational and regulatory 

levels in the Japanese HSR and 2.) Suggest ways on how these challenges could be mitigated

Objectives and study framework

Safety Management 

System (SMS)

▪ Continuous 

improvement 

strategy

Regulator



5Research Gaps

(Bugalia et al 2020)
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o Event-chain models used by JR are inadequate

▪ SCM requires components to fail for events to occur

▪ An assumption no-longer true for accidents

▪ SCM does not explicitly consider systemic factors

▪ Factors affecting many components simultaneously

▪ Change in one part affecting other parts

▪ Systematic masking of organizational factors

(JR East 2017)
(JR West 2017)(JR Kyushu Field Trip)

Inadequate current Risk-Management in Japanese HSR

(SCM)
(Ota 2008)

(Amagasaki Accident, 2004, Japan)



7

Alternative theoretical accident models for complex systems (2 most popular models)

Attribute SCM STAMP FRAM

Graphical Representation Elaborate Difficult Elaborate

Timeline of accidents Explicit representation of 

sequence of events

Lack of graphical 

representation of timeline

A timeline of proximal events 

is modelled

System Structure No description of system 

structure and boundaries

Visual description of system 

structure and boundaries

Description of system 

components but unclear 

boundaries

System Component 

Relationship

Only for those which are 

involved in accident

Full relationship demonstrating dysfunctional interaction

System Behavior No detail provided Fully describes the system-behavior and provide explanations

Usability Plenty of guidance material Difficult to apply Difficult to apply

System Levels No Explicit Representation Explicit Representation Implicit Representation

Feedback No account for feedback Explicitly stated Only implicitly stated

Suitability for Org. and Inst. 

Level analysis

Results reveal limited causal 

factors 

Very suitable Results reveal limited causal 

factors 

(Karanikas, 2019)

System-Thinking based accident models an alternative
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Accident Background– JR West, December 2017 – “First Serious Accident” in Shinkansen history

June 2006

Manufacturer's 

supplier to a part 

changed. Used a 

different method for 

making the part 
Oct 2006

Change in Supplier and the 

difference in supplied part, not 

communicated to manager, by 

the purchasing department 

Test Run was OK

Bogey handover to operator

2007

adequate

Maintenance and 

Inspection by the 

operator
December 2017

Crack in Bogey Frame

June 2007

Manager’s instruction to grind, 

without checking the real 

condition and unaware of the 

change in supplied part

Reduced 
thickness

Detailed analysis of the process safety in Japanese HSR through accident
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STAMP Analysis “Bogey Crack accident” –Data (accident & other report, technical standards, literature)

Development Operations

Ministry of Land, 

Infrastructure and 

Transport

Rolling stock 

Department

Manufacturing 

Company

Rolling stock 

Maintenance division

Rolling stock (Bogey Frame)

Intermediate 

Controllers

Pre-approved Regulations 

and Standards for Rolling-

stock inspection and testing 

during handover and 

maintenance

Approval of new standards

Compliance confirmation

Request for 

Approvals,

Test results,

Proof of 

compliance

Maintenance 

Results

Compliance 

with 

approved 

procedures

Maintenance 

Procedures

Develop specifications 

for manufacturing Confirmation 

through running-test

Excessive 

Grinding

SCS for JR West(Yanase, 2010)

(Railway technical standard in Japan)

(Accident Report 2019)

(Reliance on past-experiences)

Unsystematic & Vague Process

Approval process of Japanese Regulator

(Ota 2008)

Accident Analysis
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STAMP Analysis “Bogey Crack accident” –Data (accident & other report, technical standards, literature)

Development Operations

Ministry of Land, 

Infrastructure and 

Transport

Rolling stock 

Department

Manufacturing 

Company

Rolling stock 

Maintenance division

Rolling stock (Bogey Frame)

Intermediate 

Controllers

Pre-approved Regulations 

and Standards for Rolling-

stock inspection and testing 

during handover and 

maintenance

Approval of new standards

Compliance confirmation

Request for 

Approvals,

Test results,

Proof of 

compliance

Maintenance 

Results

Compliance 

with 

approved 

procedures

Maintenance 

Procedures

Develop specifications 

for manufacturing Confirmation 

through running-test

Excessive 

Grinding

SCS for JR West(Yanase, 2010)

(Railway technical standard in Japan)

(Accident Report 2019)

(Reliance on past-experiences)

Unsystematic & Vague Process

Approval process of Japanese Regulator

(Ota 2008)
➢ Multiple defenses against bogey frame crack

- Running Test during handover  - Periodic maintenance

➢ Excessive grinding could not be detected across multiple 

defenses

Accident Analysis



11Accident Analysis and Solutions

➢ Systemic factor : “Critical Points” based on the past experience

-All tests implemented only for critical points identified through previous failure cases (Operator and Regulator)

- The point in case was later identified to be critical, if slight variation in assumptions could have been considered

Bogey 

Design

Critical Points

Numerical 

Simulation
Fabrication Running Test Inspection Maintenance

Train Operator
Manufacturer

MLIT

Industry-wide 

collection

Joint specification 

development

Bogey 

Design

Critical Points

Numerical 

Simulation
Fabrication Running Test Inspection Maintenance

Train Operator
Manufacturer

MLIT

Industry-wide 

collection

Joint specification 

development

1. Simplified Manufacturing Process 2. Manufacturer – Operator Coordination 3. Enhanced System 

Monitoring by Operator

4. Enhanced Reporting 

by the operator

5. System-wide thorough Risk-

Assessment and leading indicators

Mentioned in accident report



12Trade-offs in leading indicator operationalization

➢ Trade-offs can limit the indicator selection 

and its monitoring frequency

▪ Capacity constraints at the regulator

▪ Control vs Autonomy of the operator

▪ Practical Monopoly of the operators

o Proposed two new suitability criterion to 

identify suitable receiver of the warning 

sign in a complex system

o The proposed criteria are grounded in 

theory and can help prevent accidents in 

several types of complex systems 

(Dokas et al., 2013)

(Bugalia et al., Under Review)



13Dynamic of near-miss reporting

o Trends for any indicator must be understood considering the underlying interactions among 

factors affecting it

▪ Reported Incidents = Perception X Safety Improvement

Incident  : Perception    or  Improvement (Bugalia et al., Under Review)



14Overall context of the analysis of Japanese HSR
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Suggested Risk-Management approach – First conduct a system-specific Risk-Assessment, then set-

up the level of monitoring, considering the underlying dynamics of factors affecting risks.   

Can manage trade-offs and safety considering future complexities

MLIT’s Safety 
Management 

Survey started in 
2006

The current 
approach could not 
effectively capture 
the system specific 

risk

JR Hokkaido Crisis 
panned out in 

2013

Generalized approaches may not work
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MLIT’s Safety 
Management 

Survey started in 
2006

The current 
approach could not 
effectively capture 
the system specific 

risk

JR Hokkaido Crisis 
panned out in 

2013

Generalized approaches may not work : Global Implications

(European Railway Safety Culture Model)

▪ Systems Thinking

▪ Dynamic approach

▪ Interactions

(The Japanese Safety Management Assessment )



17System-Thinking can be integrated into existing practices

https://doi.org/10.1080/09617353.2019.1709289https://dspace.mit.edu/handle/1721.1/45258
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1. Use of event-chain models is not suitable for explaining accidents in complex systems such as HSR.

As opposed, the current study showcases the merit of using systematic risk-assessment methods to

analyze organizational and institutional factors.

2. Considering the trade-off in monitoring, and dynamic relationship affecting the trends of the

indicator, the current study recommends that indicator monitoring level related decisions should be

made after the risk identification and should comprehensively consider the interdependence and

dynamics of the factors affecting the said indicator.

Conclusions
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nbugalia@iitm.ac.in, nikhilbugalia@gmail.com
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