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Abstract— This article is intended to link BowTie Analysis to 

Risk Management. Linking of operational risk to Bow-Tie 

diagrams provides an organization with greater visibility and 

understanding. Experience show that Bow-Tie is ideal for 

structured assessment and communication of risks, clearly 

demonstrates the link between control measures and 

management system arrangements and can be used to 

quantitatively assess and demonstrate control of all types of 

risk. Use of Bow-Tie analysis enables companies to streamline 

their risk management documentation, as the amount of 

information which can be included on a single Bow-Tie 

diagram would require several pages if presented in text or 

tabular format. Tips for success while using Bow-Tie analysis 

is to involve people from different levels in development, 

making sure that control responsibilities don’t finish up at 

manager level, verifying control measures and tasks. Thus, the 

method helps to ensure that risks are managed rather than just 

analyzed. 

Key words: Bow-Tie Analysis, Risk Management, Control 

effectiveness, Barrier Based Risk Management 

I. INTRODUCTION 

The Bow-Tie method is a risk evaluation method that can be 

used to analyse and demonstrate causal relationships in high 

risk scenarios. The method takes its name from the shape of 

the diagram that you create, which looks like a men’s Bow-

Tie. A Bow-Tie diagram does two things. First of all, a Bow-

Tie gives a visual summary of all plausible accident scenarios 

that could exist around a certain Hazard. Second, by 

identifying control measures the Bow-Tie display what a 

company does/can do to control those scenarios. 

Besides the basic Bow-Tie diagram, management 

systems should also be considered and integrated with the 

Bow-Tie to give an overview of what activities keep a control 

working and who is responsible for a control. Integrating the 

management system in a Bow-Tie demonstrates how Hazards 

are managed by a company. The Bow-Tie can also be used 

effectively to assure that Hazards are managed to an 

acceptable level (ALARP). By combining the strengths of 

several safety techniques and the contribution of human and 

organizational factors, Bow-Tie diagrams facilitate 

workforce understanding of Hazard management and their 

own role in it. It is a method that can be understood by all 

layers of the Organisation due to its highly visual and 

intuitive nature, while it also provides new insights to the 

HSE professional. 

II. BOW-TIE FUNCTIONALITY AND ITS ELEMENTS 

The bowtie model consists of different elements that build up 

the risk picture. The risk picture revolves around the hazard 

(something in, around or part of an Organisation or activity 

which has the potential to cause damage or harm) and the top 

event (the release or loss of control over a hazard known as 

the undesired system state). 

Consideration is then turned to the threats (a 

possible direct cause for the top event), consequences (results 

of the top event directly ending in loss or damage) and the 

controls (any measure taken which acts against some 

undesirable force or intention). 

The bowtie model explores the escalation factors 

(the reasoning to why a control may not be defeated or less 

effective) of all controls allowing the allocation of escalation 

factor controls. These prevent the escalation factors having an 

impact on the prevention or recovery controls. Further 

attributes, such as control effectiveness or criticality can be 

allocated to the bowtie model to evaluate the risk picture as 

part of an effective SMS. 

III. IDENTIFYING SAFETY RISK PRIORITIES 

The purpose of rating control effectiveness is to highlight 

areas of strength and weakness within the bowtie, potentially 

using this information as a basis for a matrix based risk 

assessment. 

The results are typically displayed according to a 

color code (e.g. red for poor through to green at the good end 

of the scale). This makes the results very easy to interpret 

even for users with little prior exposure to the methodology. 

When creating the effectiveness, scale consider the 

usefulness of allocating “average” as a score. Two main 

considerations for rating control effectiveness are adequacy 

and assurance. 

Control effectiveness is a functionality of control 

function, control criticality and control ownership. The 

functions are allocated to provide clarity for end user as well 

as appreciating where operational efforts are focused upon. 

Control criticality can be classified as critical or standard. 

Control ownership is defined by integrating safety 

accountability to a post holder. 

 
Fig. 1: Control criticality classification 

IV. IMPLEMENTING BOW-TIE INTO SAFETY MANAGEMENT 

Adopting the bowtie methodology does not mean re-

inventing Safety Management Systems (SMS); it is simply a 

tool that can be used to fulfil certain SMS goals in an 

appropriate, efficient and consistent way.  
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The two main deliverables of the bowtie 

methodology are risk assessment and risk communication but 

it can also be applied to benefit other aspects of the SMS. 

A. Safety policy and objectives 

Safety accountabilities can be defined by linking post holders 

to controls.  

B. Safety Risk Management 

Bow-Tie provides a proven, logical structure to qualitative 

risk assessment and provide senior management with an 

overview of the risk landscape. 

C. Safety Assurance 

Verifying the safety performance of the Organisation by 

validating the effectiveness of safety risk controls by linking 

safety intelligence strategies to the bowties. 

D. Safety Promotion 

Facilitate training, education and communication. 

E. Review 

Keeping the Bow-Tie active by reviewing during operational 

environment, organisational structure and regulatory change. 

V. HAZID AND BOW-TIE 

It is not possible to make bowtie diagrams for all existing 

hazards. There are simply too many hazards, and it will take 

too much time to make as many bowtie diagrams. Moreover, 

it is less beneficial to create bowtie diagrams for simple or 

low impact hazards, because structuring these hazard (by 

making bowtie diagrams) will not provide a much better 

understanding of the hazard (assuming these hazards will 

have a relatively simple structure). Therefor a separation 

should be made between high priority hazards that require 

bowtie analysis and low priority hazards for which only a 

HAZID analysis is sufficient. The HAZIDs inherent risk 

assessment levels can be used to assess which hazards require 

closer examination by creating bowtie diagrams. 

VI. RISK BASED AUDITING 

There are three main short coming of categorical auditing: 

Poor hazard identification (1), they are not scenario based (2) 

and they neglect human factor related issues (3). Audits 

should take the hazard as a starting point to ensure that the 

SMS that is being assessed is capable of handling the actual 

hazards. By auditing from the perspective of a possible 

incident scenario, the system is tested as the sum of its parts. 

This is a better reflection of realistic situations. Human factor 

issues can be difficult to identify from abstract categories and 

are better described with real-life examples. Because scenario 

audits take a more lifelike approach, human factor issues are 

more likely to come to light. Once identified properly, they 

can be adequately addressed. 

VII. CLOSING THE LOOP BETWEEN RISK ASSESSMENT AND 

MANAGEMENT SYSTEM 

Companies in major hazard industries have long been 

accustomed to carrying out hazard identification and risk 

assessment. They are also expected to have in place a 

structured safety management system. In recent years, moves 

have been made to link the two visibly – to demonstrate that 

the management system is indeed able to control the actual 

hazards present, rather than being a separate system produced 

in isolation. 

The latest such development has occurred in the US, 

where operators are required to develop and implement a 

Safety and Environmental Management System (SEMS) for 

oil and gas operations in the Outer Continental Shelf. A key 

requirement is for SEMS to demonstrate that safety critical 

equipment is being maintained and that safety critical jobs are 

undertaken by competent people – in other words a joined up 

SEMS. 

Safety cases can use bowties to map the link 

between major hazard barriers and the SEMS. Operators or 

regulators inspecting the facilities can easily check for 

evidence of the supporting competence assurance and asset 

integrity activities, providing proof that the safety case is 

based on reality and that hazard management is truly owned 

by the workforce. 

Making full use of the bowtie methodology helps 

organizations develop a joined up SEMS, which is targeted at 

major hazards. Thereafter, using bowties to audit competence 

and asset integrity closes the loop between the SEMS and risk 

assessment. 

 
Fig. 2: Closing the Loop Between Risk Assessment and 

Management System 

VIII. FUTURE- ADVANCED BARRIER MANAGEMENT 

Barrier Based Risk Management is all about your primary 

business processes; to know what your critical controls are 

(the ‘barriers’) and what the status of these barriers is, and 

then to understand how to manage the barriers. Advanced 

Barrier Management is to aimed to monitor the status of these 

barriers on a daily basis. The BowTie method is used as a 

means to get this 'picture', and as a structure to monitor the 

status of the barriers. 

 
Fig. 3: Future- Advanced Barrier Management 

http://www.cgerisk.com/knowledge-base/risk-assessment/thebowtiemethod
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The process of going from having identified the 

controls, to assessing the performance based on actual data, 

is a project we have called Advanced Barrier Management. It 

is advanced in two ways. One, companies need to have an 

excellent understanding of what their controls are and have 

them identified with sufficient confidence in a risk 

assessment such as BowTie. Two, performance is tested 

using a range of different data sources such as incidents, 

audits and maintenance systems. Those data need to be 

aggregated. So it is advanced in the sense of both data 

collection and analysis. 

IX. CONCLUSION 

The majority, like Flight Rules, are black and white – there 

are no shades of grey for circumstances where the 

consequences of failure are limited or infrequent (or both). 

Inevitably, compliance ratchets the costs throughout the 

lifecycle and for each new project. In a nutshell, for new 

equipment the ALARP principle requires compliance with 

relevant codes and standards and adoption of good practice 

elsewhere as a minimum, together with consideration of 

options for improvement, which can only be discounted if the 

time, trouble and cost are grossly disproportionate to the 

benefit. If these improvements are subsequently enshrined in 

updated standards or deemed to be relevant good practice, 

this becomes the new baseline in a world where spiralling 

costs in the name of safety are a recipe for project 

cancellations, the clear message to operators and professional 

bodies is to build risk-based flexibility into otherwise black 

and white standards. 
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