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 簡化版之fault & event tree methodologies

 Reason’s model之延伸；強調以安全風險控管措施
(barrier/ control)為基礎之分析方法

 系統化分析方法，協助分析與管理安全風險

 始於1990年代石油化學產業，後來亦推廣於國防工
業、醫療產業、金融業與航空業

A barrier-based approach to risk
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Reason’s Model
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Bowtie and SMS 

SAFETY CULTURE

 安全風險管理：Hazard analysis, Risk assessment &

management

 安全確保：SPI之識別與監控

 安全推廣：Risk communication

 2013年ICAO安全管理手冊第三版亦導入Bowtie
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Hazard Analysis

Generic hazard Specific hazard
Hazard-related 

consequences
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模式左側
消除Threat之措施

或
預防Threat致Top Event

發生

模式右側
降低Top Event發展為
Consequence之機率

或
降低嚴重性

Bowtie亦分析Barriers(or Controls)可能失效的原因
(Escalation Factors)，以及如何對其管理

(Escalation Factor Controls)

1

2

3 45 6

7 78 8
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Hazard:

Anything which is 

a source of potential 

loss, injury, damage, or

reduction of ability.

描述一個飛航環境中
正常的、不一定能夠
或應該被消除的:
• 狀況(機尾亂流)
• 物體(施工車輛)
• 活動(航機進場作業)

決定分析的規模與背景。
一個Hazard可對應多個
Top Event。

Top Event:

A point in time which 

describes the release

or loss of control 

over a hazard. 

The undesired safety state.

飛機起飛時遭遇機尾亂流
施工車輛誤入運作中跑道
航機進場時與無人機接近

適當的Top Event係指能
夠讓分析者可識別多重的
可能的原因(Threats)與
後果(Consequences)
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Consequence:

(失事/重大意外)

A potential event resulting

from the release of 

a hazard, which directly 

results in loss or damage.

應使用與航機運作相關
聯之用語，如衝出跑道。
Consequence是event，不
單是outcome(severity)，
但可合併，如航機衝出跑
道後撞擊維修人孔蓋，

起落架折斷。

Threat:(相互獨立/重要者置上)

A possible direct cause that will 

potentially release a hazard 

by producing a top event.

管制員未提供適當航機隔離
施工車輛進入跑道前未獲許可
無人機操作人位監控載具位置
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Example One
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Example Two
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Example Three



14

Example Four
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Prevention Control:

Any measure taken which acts against 

some undesirable force or intention, 

in order to maintain a desired state.

• 設法消除Threat發生
• 緩解Threat導致Top Event發生
• 應具體明確
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Escalation Factors:

A condition that leads to

increased risk by reducing the 

effectiveness of controls.

An escalation factor cannot 

directly  cause the top event or 

consequence. 

Escalation Factor Control:

A control that manages the 

conditions which reduce the 

effectiveness of other controls.

To describe how the escalation 

factors are managed.
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Recovery control:

A control that acts on the likelihood

or severity of a potential consequence. 

Escalation

Factors

Escalation

Factor

Controls
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Using bowtie within risk matrix and 

hazard register  

Using bowtie within a risk matrix and hazard log.pdf
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Identify Safety Risk Priorities 

 對於bowtie組成要素賦予給多的
管理資訊，以作為後續資源分配
或優先順序決策之參考，例如：

Threat exposure: constantly
exposed, commonly exposed, limited
exposed.
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Identify Safety 

Risk Priorities 

Control ownership: A/C operator, aerodrome, ANSP

Control type: policy/procedure, training/
proficiency, engineered devices

Control function: elimination, prevention/
reduction, mitigation.

Control effectiveness: very poor, poor, average,
good

Control criticality: standard, critical



22

 繪圖軟體如Visio

 Excel工作表<ICAO SMM 3rd>

 可使用專門之bowtie software- BowTie XP

Bowtie分析方法之使用工具

../../研究案/SMS/ICAO SMM3 & Annex 19/SM tools/HIRM_Wsht_Enhanced_R5.xlsx
https://www.cgerisk.com/products/bowtiexp/
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 Loss of Control

 Runway Excursion

 CFIT

 Runway Incursion

 Airborne Conflict

 Ground Handing

 Fire

 Bowtie templates

 Bowtie webviewer

Significant Seven 

in UK

Significant Three 

in Taiwan

 Runway Excursion

 Loss of Control

 CFIT

 AC 120-049 安全績效指
標：各業者得以納為外
部資訊，再依自己組織
特性、營運型態及安全
資料分析結果，訂定相
應之指標據以管理

 SPI範例

https://www.caa.co.uk/Safety-initiatives-and-resources/Working-with-industry/Bowtie/Bowtie-templates/Bowtie-document-library/
https://www.caa.co.uk/Safety-initiatives-and-resources/Working-with-industry/Bowtie/About-Bowtie/How-does-bowtie-work-/
AC120-049 104.11.11.doc
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How were the bowtie templates 

created by the UKCAA

 UKCAA與航空公司、以及相關領域之專家，以專
題研討會的方式，整體航空產業之觀點研討後產生
。

 每次專題研討會由1名bowtie導師主持，航空公司
與相關領域專家6至8名參加。
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How were the bowtie templates 

created by the UKCAA

 針對每個重大事故類型UKCAA皆發展出1個core

bowtie與2個supplementary bowties，例如針對
Runway Excursion：

1. Inability to stop within distance (landing

operations) <core bowtie>

2. Loss of directional control (take-off and

landing)

3. Acceleration or take-off not as expected (take-

off or departure)
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Core Bowtie
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Supplementary Bowtie
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Bowtie與日常安全管理功能之整合
 UKAAA建議航空業者以bowtie templates為基礎，發

展自己的bowtie分析，並與日常的安全管理整合：

 識別風險控管措施相關之作業並指派承辦的單位與人
員，落實執行

 針對風險控管措施與相關作業發展與實施自我督察計
畫(barrier-based audits)

 識別並整合與風險控管措施相關之安全資訊，例如：
安全報告系統所獲某風險控管措施失效之報告

 依據Bowtie分析結果，發展並監控相關安全績效指標

 Activity indicators: Prevention, Recovery, & Escalation factor

controls

 Outcome indicators: Consequences, Top events, Threat,

Escalation factors
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Consolidated Barrier Strength Value (CBSV) Approach

 藉由Bowtie分析安全危害控管措施之有效性，作為風險分
析時可能性評估之依據

../../出國報告/2016SAA/State Safety Programme (SSP) Implementation 10to14Ocr16/Supplementary materials/Selected/HIRM_Wsht_Advance_CBSV_4Oct16.xlsx
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4

5
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結語

 Bowtie分析方法係ICAO所建議之安全風險管理方
法，國外如英國、新加坡亦有應用的實例。

 飛安會於本年度引進Bowtie分析軟體，後續將研究
如何應用Bowtie分析方法於飛航事故調查，並視研
究結果，於適當的機會與國內航空界分享。
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簡報結束


