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Development of a System Safety Analysis Model
for Airline Operation

Student: Wen-Chien Yeh Advisor: Dr. Jinn-Tsai Wong

Institute of Traffic and Transportation
National Chiao Tung University

ABSTRACT

Airlines are on the forefront to deal with the aviation safety which is crucial for
success. The core of the aviation safety management is to prevent the occurrence of
accidents. However, air transportation is a complex system involving closely related
factors such as humans, machines, facilitigs;,organizations and environments, and it is
hard to discover the causes to prevent accidents from the system. Therefore, it is
necessary to develop a system safety analysis. medel to assist the safety managers
dissecting and analyzing the system, exploring the hazard factors and discovering the
critical problems with a systemically approach. For this reason, this study begins with
clarifying the characteristics of aviation:safetyssystem through different viewpoints—
accident causes, system components, accident formations and system operations; and
then, exploring the concepts and‘essences of safety management. Thus, a
comprehensive and hierarchical framework of airline safety system could be
constructed. In order to clearly represent the framework and effectively discover the
root cause of the system, the methodology of Structural Equation Model (SEM) is
adopted, and the processes of model construction, safety analysis and problem
improvement are brought up. According to the proposed model construction process,
the study follows with specifying the frameworks of measurement model and structure
model of the system. The effecting factors of each system level are explored one by
one, and their corresponding indicators and measurements are drawn up respectively.
The relationship between levels and activities of the system are identified, and all the
system components can be methodically connected. In the final, basis on the
constructed model frameworks and given linear parameters, a numerical case is further
illustrated by applying the proposed processes of safety analysis and problem
improvement. The demonstration reveals that the proposed system safety analysis
model works well and can be a useful tool for airlines to diagnose the quality and
health of their safety systems.

Keywords: Airline, Flight Operation, Safety Management, System Safety, Safety Analysis.
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Warning System, EGPWS) » 17 2 -3 #k ;= & -+ % % (Vertical Situation Display
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(International Air Transport Association, 1ATA) [IATA, 1998]#-& % 2_ i F]14 4 4
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f | ¢
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7 2 & (Insufficient Data)
7L kR ¢ 1998 IATA Safety Report Jet
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oy (Mission) : 5620 F 1o Bzl -
* Fh(Man) B R (AR ) -
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ﬁfﬁl(Management) DR [ R r%fg{é?%%
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TooiE- HETR A BT 2Rl %%28%%:ﬁﬁWi&§4%%%ﬁ€’i
#2234 £ 7w ¥ LA (Engineering Reliability) ~ + B # 3L & (Operator
Reliability) ~ & i@ £ = 4 (Communication and Feedback Control) » ' % &7 ¢ 52
(Organization and Management) » 12 %2 % *uh 4 (System Climate) % 7 B & & #78
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BB Thervh 3Rk 345 L (System Behavior) 2 Bk S 2 F]F LT RLEBM G
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PR

SRR F s )RS SRR L e AT A g 2
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?L&aﬁ%m~Xﬁ$mﬁ#é®4ﬁ’%uﬁiﬁéﬁﬁ%ﬁ’mﬁﬁf?
S N L S R Rt S
B G o FUHRIL L PRA > HF RPN Pf#@éﬂﬁﬁt CEREERE B
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241 BB 5

B A R BB AR e AR T LA RERE

T Z (Physical
Environment) ~ i& ¥ 7%

% (Operating Environment) &2 & ] % 3 (Regulatory
R RLREE 7 O

~A

Environment) & = :

Tk

- B RIEHE

pARIR B 5 Sl 8 T PR 2 % i 45/ (Ambient Medium) > B2 S84l 2
TR ﬁa,aiﬁfé v A& & 2 ¥ G(constant)ehp ARIE B F]F o Aok
(Atmosphere) A5 (Terrain) &2 -k & (Light) & » 2 2 # 55 (changing) = p 28

B ¥+ ’&rﬁ = iz (Weather)4p B 2_ b+ (Wind) %2 2 75 (Cloud/Fog) % [Kern,
1996; Qi VAT AT 0 % 85 o
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)

TR A L B S g e B ende o gl 90 7 end &

'ﬂ% )y B B EE T dode B~ Wi e \‘;’F‘f«?\ﬁfé;‘g‘,y/‘;_@:@
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Bz PR g ph Ak BA L R R o

(=) =&
SR G g R E SR R I FlR AR RO = 8 p R F]E
%17 Fﬁ@&é’@#ﬂ“-@mﬁ:“éﬁm% llfr]’%l o o1 "l}ja:‘?,;‘f; - g’ﬁ"g“‘;ﬁ‘ [
)k-k?\\__,%]\/ﬂ;ﬁ’ /nu‘l"/\ ﬂ,}i fg bhuﬁﬁif‘kiﬁoﬂtbyéjﬁ}%lﬁ
AR D e AR e 0 P BT R 2T

22 5% o

ERE #rﬁk‘ﬁ*‘%? S B EARE O~ 3B ] s A
RSN RN T ﬁﬁwmmmﬁ%ﬁﬁwﬁm%@’ﬁmﬁ?
0 R R AR B B2 T2 - 2 2 & 1 e4[Kern, 1996] 5
BEPER: B2 BEaBAR 2R 7R B 2

iE =
v A ﬁ J"iﬁ &= ‘L% ,J(i‘;jkiqm ~ ERAR L B X% #—féé” °
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R
vl

4

Barnett % + (1979)2 77 3 45 41 » f &bl ~ F 1F iR ~ A2 E B - 4
BRBPERBEFZ O OHNREI P2 AFREFLFFHRFLIEE b4
ik HAUA 0 d M HRE T R W RME R L o by o F
X FECL A EBEY 0 T - RIS R B AR R L
A RREE LA HE S FO & ?;;;t%_k ':f'ra);ﬁ%@' Y Ao gL eh s d N F

-

|2 It lF’_ﬂﬂij&jﬁ B3 A #_E‘ﬁ%ﬂ- y 7R E %i’(lﬁa}i v Bé%.ﬂmr/{
iy 44 R &2 R n‘ £ hrr= 2 :]‘\.L £ & [Borenstein and
Zimmerman, 1988; Oster et al., 1989] -
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195 ICAO 2 #mi ¢ M &% L2 &gz 2k [ICAO,
1999] - ICAO & % F & F #1172 EL 1‘*» % 4% (Audit Protocol) [ICAO,
2000] > 2 £ mEp2niny R F(FAA)H L B2 L& 2 K ‘ﬂ%‘—%‘fﬂ*—f’f
(International Aviation Safety Assessment, IASA) B 38 [FAA, 2001] 2 p 7 5%
BR et 220 AR EITD AP T o Ak N g
f'_ﬁgﬁ—i.“lﬁfiéiﬁ%‘é*? T 22 A H s BRI PR
,Tl_gi‘ﬂm\/z%r}a*j—,% J’FL?O’T nqﬁ E 2 e f“‘ ;—L,];#‘_ﬁa%):_ b
HEHG o EY LR ﬁ:r‘ﬁbb”fﬂ«? hEEp 13 TAAM A1
CRER AR AR S @i s R ML mE R g

Ry
B

)

= M

%22 A g PHMAFRIEEL T
ICAO % 54 + p(Safety Oversight Manual- Part A)

1.1 % %ﬁt; 7% #.(Primary aviation legislation)
2.5 ®8 % i& 2 4.1 (Specific operation regulation)
. ﬂmﬁ% zxp 2 g U Aircraft registration and airworthiness)
e #xzi 4 R %z (Personnel licensing)
. i WEE T E‘(Alr operator certification and surveillance)
R R fﬁ g2 454 # v (CAA structure and safety oversight function)
o it >R 3R (Flight safety standard department)
e A B zuz# ‘= (Personnel licensing section)
o s4xi® ¥ = (Aircraft operation section)
o Ayt #ule (Airworthiness section)
4. jisdy # 2o £ (Technical guidance)
5.& ¥tz 4 K (Qualified technical personnel)
o A¥r R FH & S Ar(Qualification and experience of inspector)
e &% f ¥ (Training of inspector)
6.4 PR 22 203 2. & 4x(Licensing and certification obligations)
TH#EY B2 # i%(Continued surveillance obligations)
8.f%;4% 2 2 & 4E(Resolution of safety issue)

24



222 A FBMMAGFRIAEL TR 2 (H)
ICAO # % % 1% 3+ % (Safety Oversight Audit Programme- Audit Protocol)

i & R gy 2 R R (Primary aviation legislation and civil aviation regulations)

o Ao H 2203 o 42 A (Promulgation and amendment procedures)
i ##4 {7 42 B (Enforcement procedures)
% 2 B 2 $27# (Empowerment of inspectors)
2.3 4ma ¥ M 2 %% (Organization of the state’s civil aviation authority)

% 4rde gk su(Civil aviation organization system)

e & * (Establishment)
A e = 27 i 3 5 ¥ (Staffing constitution and recruitment policy)
A " 3z % (Staff general training policy)
¥ < i 22 JieF 42 2 (Documentation and technical library)

‘o S8 i F R (Resource)
3. % B g (Personnel licensing)

AR BT DR R B2k LR(Personnel licensing and training system-Regulatory background)

AR sk sz ke R e 4 | e ¥ (Organization and staffing of personnel licensing and

A
A

it

training system)
AR e ’I—:; 2_#% B (Procedures established for personnel licensing and rating)
AR PR R 52 %k (Control and supervision of licenses and ratings issued)
F;-',‘.ﬁﬁ&ﬁ\ E; ¥ (Control and supervision of training institutes and/or aviation schools)
4. 474 38 1% (Operation of aircraft)
o HUBIFE (TILEE 2 2 4L(Aircraft operations certification- Regulatory background)
o WUMIE (TIuIE kA2 4 w gk 4 f fe i (Organization and staffing of aircraft operations certification
system)
o HUIIF (T30 2 42 & (Procedures established for aircraft operations certification)
o Hi8IF 1¥2 T /B (Aircraft operations supervision)
5.4x4% 1§ £ Airworthiness of aircraft)
B BUELE S A2 LR(Alrworthmess certification andrinspection- Regulatory background)
B BELES AP 0 O ﬁ%ﬁ? A R fe ¥ (Organizationrand staffing of airworthiness certification
and inspection)
B BUELE S B Jff 2_#2 J (Proceduresestablished for airworthiness certification and inspection)
L N EC IR B - R0 T - (Suryveillance of the design, production, operation and maintenance
of aircrafts)
Ut i St 20 #7483 4 rrin(Renewal and continuing validity of certificates of airworthiness)

FAA "% # % #=#(International Aviation Safety Assessment)

% & -4 it (Organisational structure and safety oversight functions)
g2 223 FLR) (Primary aviation legislation and regulation)

N J’F\L )J:ﬂF »ki P\ .

ERICRL L RA

AR B

AT E 2P

B iF SRR

W% i ﬁi%] * AR

CRENET |I (Licensing & certification obligations)

Jirt;;: a8

i AR
o  HUMSEB R
4. $jiedp 2+ p (Technical Guidance)
5. & ¥ 32 4 F (Qualified technical personnel)
o ARy
o tRTH
o X R
6. T B fziA% > 348 (Continued surveillance obligations and resolution of safety issues)

FH KR AL AR
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T 2 E IR FIREMREIEC S R FER e R R

ErEE

Haez o @ 3 0 & > p 72 (Safety Management) 9 &+ $F ¢ 4@ i ~ 4
S ﬂdﬁaﬂnﬁmﬁﬁ%%'/ﬁ‘ﬁ?ﬁ“'hiﬁé}uﬁﬂw&dy
[UK CAA, 2001] > #7171 % i?/:_— I R L SRl S i, e -
o Fl g o MR G R Eaey 0P b B FEPHIEFL G TR 0 E
2O ERRFFRLAY  WFRLAE RN F LG 2 P s[US
FSF, 2000] > » 2 "% 2 § (Structure) ~T% »>2+4 | (Programs)e " R
"% ¢ 7 (Risk Management), AR (F 2.3) 0 it 0 LWL KR S PEA
RA S E R S L TR R G el s TR 2T e

%23 FSF i@ fping 27 B4 3 22 48

27 S
P #(Goal) % % e 1% (Systems) #41]2% 3+ (Design)
# F1(Scope) H#yz% E (Controls) R *& 4~ 45 (Risk Analysis)

< it (Culture) Leiw A7 (Work Process) B 455 5 (Thresholds)
‘e %5 (Organization) 7 4% % # (Data Collection)

TR % 9R © [US FSF, 2000]

T W AT FRAEGBOTALIE PR e
2 H R d A 4T

o PR IAZHBLIHFRELT2H %I w@FALLTFL ARG 2R
%@7;}%}@ o

. #Eﬁié’”‘“%u?«—mﬁﬂ(&ﬁ~ VIR EE L) LA (
l}% ~ _ﬁ,a ~ ‘&]} ~ / ‘i ~ .’;’ )bhirr?l&#b?" ‘\.(F\ QK/J:]'_%,FF)
Penadz 20 B minimp ¥ TE ST 484 -

o it adFme i FEFALA L OFHER G PR BEEAL Y
® o E mi m{f‘ﬂmlt;rr%‘r?,,,_ NOIRZELZ ] > A F Y
PRSLFTEGEHRAIFT RBARS S 8 P RAEAREL 2
HALT B (9 T g

. ,fégf%‘:;ﬁclf_s T2 4 R REi
F{’fé»l;’i’ﬁkizzﬂﬁﬁ_@r‘%??:‘ﬁ v @ ¥ od Es%—?'i’é&um
i -
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rii“%Jﬁﬁﬁﬁﬁﬁﬁiéﬁﬁﬁﬁléiiiﬂﬁ’%ﬁ%
HEAZ 2o 5 e sy EE &1 ivnf2z <304 ¢

o JiiimiE E_f‘« SFCHR AR/ s Y R s kbR o

o rirEE MR ARAR TP R -FFRETHE - H2p A -
a}ﬂl}.f N

o L IERARIGIHEI TS RFER Y FALT W~ A R PVRE TP RESER
3 Te P o

KRV R R LR 40 PR FL R e
TEFLRE Db e g B e (Hazard)w 2 2 ¥ g fr &2 H 47 3 4
B2k o B gl ARG AL - vV a g RE T 2E R A
FERE  RGEEEZPFOEPFIR R AT R GRS TR

o BRI AEEIERE SRapr YEFRLY X LA DFLD
CEERY S

° }i“é}:ln\#‘r . g’?—g—’ﬁd&ﬁ%@\i-’»ﬁy{ﬁilé%sé‘ﬁ_tl"é‘ﬁ,, .
o bR HEL & PR e e 1 B

o FTHAWE IFEC T EVIPERRD N H B B B2 TRFY 7 g
SR RE T

pheh s SORERR R P IRAR kG i IR B v BRI A Ry
kh [UK CAA, 2002]:% % T/’@E HRoe B2 ARE TG { REFIREEF
2 R P EEREEAE € Ti&? S ST N
T 2047 o ow i TR L2 &% 1 (A Comprehensive Corporate
Approach to Safety) ~" § B # % 2. 7 »c ke = (An Effective Organization for
Delivering Safety)sr T = # 2% & i;:.V % % | (Systems to Achieve Safety
Oversight) (% 2.4) -
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324 s OFEZFBEEG 2 s

> f B & 2 ¥ = i & (A Comprehensive Corporate Approach to Safety)

M 2% 2 B 3 (Published Safety Accountabilities)

&2 % > ¢ 1@+ R (Safety Manager)

12 % 2> < it (Positive Safety Culture)

P FE2. % 2§ &% {7 7 2 (Documentation of Business Policies and Practices)
W2 % > 4 % si(Independent Safety Oversight Process)

T ¥t 2. % >33 (Regularly Reviewed Safety Plans)

B2 % >t oAz (Formal Safety Review Processes)

FHRE LG % “L‘t (An Effective Organization for Delivering Safety)
€ PEHGE ~ Bt~ 12 % 2052 4] & (Arrangements for Selection, Recruitment,
Development and Training)

}_ ﬁ & piRnavz iﬁi(Safety Awareness Training for Management and Staff)
TRAL 7 e ) i 18 172 {52 2 2 (Defined Standards and Auditing of Asset
Purchases and Contracted Services)
Th% > E & EF kLB pRAE2 4 »k(Monitoring Performance of Safety Significant
Equipment, Systems or Services)
&8 B fr % > 2 & % (Recording and Monitoring Safety Standards)
&% A 178 b % 3= 8 1 E (Hazard Analysis and Risk Assessment Tools)
Sk kL% #° 2 ¢ 12 (Change Management)
P ITA R A 2 & F 2 4] (Arrangements for Staff to Communicate
Significant Safety Concerns)
,sf & & % 2. 41 (Emergency Response Planning)
F2 fB2 T 2k s(Systems to Achieve Safety Oversight)
A 45 & 7 3 42 (Arrangement for the Analysis of Flight Data)
# % ¥ 248 2 (Written Safety Event/Issue Reports)
% {7 % - %4 4R (Conducting SafetyAudit Review)
F 7N NE b & e #85(Conducting Internal safety Incident Investigations and
Implementing Remedial Actions’)
7 oPiE % TR 7 4 voe 7 (Effective use of Safety Data for Performance
Analysis)
5 &% %2 # 7 (Arrangements for ongoing Safety Promotion)
T AR F F 1=k Ki(Periodic Review of the Safety Management System)
R g @A g pE E 4 (Line Manager’s Monitoring)

TR kR - [UK CAA, 2002]

TEFE

Bz AP AREREE AR RBL EF o FEMA A ER
FoRzav e et AP ARF Sy #’aﬁﬁ%%@
ﬁ@%ﬂi:@&i%@%i%%:ﬁnawfiﬁsxﬁ TR EFEA
BAF) 5 R ins 2 P R G ERFE TR o 0T LR E R
g % [FAA, 2001] 8 204 & % oy % ix  [CASA, 1999]2 & %< p > 4+
I o P B R PR MR F B WG FES H o FE B f
A Re HEEFH
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SEAMREBE G BT FRPEFE o0 Td 3 @a]gs;;wgmggu%(FAA)
TR IEE K U(Aerransport Oversight System, ATOS) [FAA, 2004] -
DT ABEZ M PFITR }.fg‘ # % %(Line Operations Safety Audits, LOSA)
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% (ATOS)

FAA z_ i sk & PR3 % (Office of Flight Standard Service)*t 1998 & #&
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o 2 (Authority) @ sy 2 P E FHEREP IS R E N A2 B EL RiE
BIPE- EE 2 s e

o A% (Procedure): ey o & 44t - EH A E L G P AEL 2 E i AR R )
HW 2 0T o

o f#l(Control) : gy 2 @ R F KR mAEPF mFEN - FH 2%
BEg A

o 4%/ 3™ i (Process Measurement) @ #ng o 2 £ F L L R BRI L - B
o BBt g A 2 AL A

o 7 (Interface) : 4z 2 @ A F P T Tp w2 F v 4| g miEd

2.3 Mk

BEZH AP AR P AN TR P2 HX AR TE T R

Fiw o Himg pidk

o 4 2z3=& (Performance Measurement) : p* — F# £ F E |77 2 = 9% o
e #25 (Procedure) : pt— EEETE F AL T LT KERR o

o ix#l(Control) : gt — 7E& ILFE FEIAE L4 o

M EEE 2 5 5 (LOSA)

LOSA : stixd % B4y 7T A8 FAA ﬁj‘:((F‘ ;FE pb T 3+ 1990 &
A B f 0 hotip r s INPY FE s ¢ o 0 B B
FRLTALLGTS PP RFRE R G 2 U T
B2 jSf 0 d 3 H fﬁuzg,;gr;7?§;1‘3;é¢%;§:’#\ii’é-§i\i%féi§;“i

i F 41 (Air Traffic Control) £ & i3 ~ H4g R ER P FFAP o

LOSA =32 34 A # % p 3t Helmreich % 4 (1999b and 2001) #7% & 2.
e dFE %s_;\ (The Model of Flightcrew Error Model) (%] 2.10) » # 32
AR T RERiEZar2 5 5% (outcomes) > AT e B TRAE R A ,f:~
(CRM Behaviors)> @ = § F kg =2 7 7~ &£ 3] b &« ¥ (External Threats)
g fr(Internal Threats) & F]+ 2 B H P b A f o ppPh g 2
/ k. *% (Expected Events/ Risks) ~ z£3g #p e 2 /R "é; (Unexpected Events/
Risks) £ 2t 445 b 2. #F 3745 37-(External Error) % = 38 > % — 38 45 f fu 7))
e % F LI EEE - ¥ - 0fdy ATC 454 ~ 80k stk # ok 7
BAE S EZ iﬁéfﬁ ATC - safp sl e Bniv £ 32 5 @ 38 03 8 4g P
Bom | 2 g3 R A IRA Pt o - H LI [ TR
# 12 {7 % (CRM Behaviors)z 7 & ft4e f rdZ AR » 7 F ao % 2§57
o4 22 (Additional Error) @ #F 2 > 2 AP E 2 2 2 BELE R F

#

>
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2RI R FE A ML o

gt B SR R oA
(External Threats) (Expected Events/ Risks) (Unexpected Events/ Risks) (External Error)
23 G
Bl .
I | Threat TR0 S
(Interna reats) (Fh"htcxew Error)
R [ oAb S EL
o (f: 51 ZalFRedisgy] [ \IE—YEHEX 3=
,\'F EW‘?’F*IFII,%th 7r " [975 £5, QF [97 £ <
(CRM Behaviors) (Threat Recognition and Error (Error Detection and
Avoidance Behaviors) Management Behaviors)
A & A
9 o -1 2 o R fosfieL
(A Safe Flight) (Recovery to a Safe Flight) (Additional Error)

(Outcomes)

TR

(Incident/ Accident)

AL kR - [Helmreich et al., 1999b]
B 210 LOSAZiiithm® |l 4 358 25

LOSA p # 2 Jff‘v.d"?» = A S ﬁ 2 ﬁ *JL 72 p % & EiEir
[Helmreich et al., 1999a] » H M 88 v/ 42 5 L 87 > 8- H A 5 B 70/
/F 3408 (Predeparture/ Taxi-Out) ~ 4= ¢ & 7 = (Takeoff/ Climb) - i« 4%
(Cruise) ~ ™ *% /i€ 3-/;% =+ (Descent/ Approach/ Landing) & = i 4 {7 % ,E)t ;A
SUBE T ALY o ELRIE B E 2 3 R ,;c;\%ﬁ, R LIC I
i f et L g fe s st ERa g F e ] Wfﬂ

72 (CRM)2. g »c 8 8L 5 gh b > 3@ % b 30 ad 2 g LT F %\ (External Threat
Management Worksheet) » %1% iE ~ 3 35 ﬁkﬁﬁg] S B BB S
SERE L B SRS T R LR W‘% 2B bR IW'J‘—% #. (Error
Management Worksheet) » :=%74% & ~ %}ﬁw SRR E Sl WA
AU F2L R IE D N R BFEE AR 2 B BT o
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R R X R ]

% > (Safe)- @2 @& 5 ik 4 % 'k (out of danger) =t % % & % = % (not
threatened by harm) » #71 Fx (% % % >4 — @ 4kdng iﬁﬂi%]#&:% CECES Wl
# 12 (Management) = & %] (Planning) ~ & % (Organizing) - =it (Staffing) ~ 4p 4
(Directing) ~ 3 (Co-ordinating) ~ 3§ £ (Reportlng) #7577 & (Budgeting) & & 65 2_ 5%,
%L[Fayol 1916; Gulick, 1937] » ¥ S A B {7 5 PR L IR o FPt o HHERT 27 @

X > F W(Safety Management) T 4+ 44 5 #2438 1% ~ 82T 17 & U a2 cfp B
f G F) ek s p 12 s B R R f & o [UK CAA, 2002] » &+ & 5
" f:?ﬂﬁﬁﬁi ijiﬁ‘“ ° G At 7 F 45 S }_?ﬁ—lx%}ﬁ# AR R FI AR 3
FURIFE RE 2B XHERE giﬂ’ﬁ“ o PP iR MaE R B
Food HBF PRI LB REFE22F FE 0 T RAJIEEE 22 BT 0 4
FOPHWREFEZELE (AL JAF LREETEIRL > ERL
FHREL 2R PR R E L > NIT5 J RS TR L 2mE 2 3 4

S RAREAIRG . i Sl
AR LRI A RAT ECCRARA FRARG  ARAIATH
AR e A R e Rt AN BEHR TSN G TEE R L
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WARE (FIE P OEWFIE (7 0 G v
H

ﬁ BRI MR AR RFRA S L
E%ﬁ%ﬁﬁ’&éﬁ o FME R AR ENKF LA LT LT P
‘ﬁﬁiﬁﬁiﬁf' 2AER A - L AR 7D Farrell(1957) 74t 1 en2 Aok
pa D e R B Do B 3.1 9rn e
PLREE 2R G ORI R AR L ARG RED Y L 22
%ﬂdﬁﬁﬂlfﬁﬂw”a;wﬁ%ezaiﬁw:&;ﬂzzﬁﬁja.zmﬁ¢p%,mﬁag
AL i L5 N B I A & ﬁ,\r—g ’j:",'!ﬁx?ﬁié» BT H2 JRiE o ¥
R4 AR F AP A B > L REFFIL2 A Ry o Ft o 4o 31 47
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* &?4)3 EER R J S S o A Rar2bEg &2 > 4P AP L £ £ Ry i
LR e BRI RE  JonER BT R > AL F R A ART B
WL Rz s Aokl 7 LIFEFF B PERGE LFTEDHFFL &
Bom P AHFHRFIAFRRALGRER VRS AR B E =2 £iFa 2
Pldrd * HEFL R 2 REMBALAREGTFE S AL F LAz add
AP EFASREE T T, P T BT RS R PSR T
L2308 ot - RA AL PO BEEF S o P 0 BT LR S kA
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322 H#x g2 2y

M HE2ZIER FR? - BT g2 X E o WY g4 2 4
BHEBRSCL T RF2 RS2 BF » T arg L2 w4¢% %ﬁﬁ
HAE - R ER S R RAEG RES > (B8 E 222 & ~[Chance and
Ferris, 1987; Borenstein and Zimmerman, 1988; Mitchell and Maloney, 1989; Bosch
et al., 1998; UK CAA, 2003; Wong and Yeh, 2003] o 1343 " = & ** 1998 & 2_ 3+
5 o 2 E 2 (Ramp Incident) —3¥ 4ris/p pFifl & # zi 48 (A/C struck by catering
truck) ~ # {7 Fig H & {4 a4 (A/C struck by another whilst taxiing) ~ % /p 53§ 7
#i £t 4 (Maneuvering pier struck parked A/C) ~ & 4ap 3 45 2 7t 3¢ (A/C struck by tug
during pushback) » & # &3+~ g dny #3730 RF ~ i &4 > 3@ A7
Wt 2 FEh A Ao 32 47T 0 e RRE I HE A S [ ERTEY s
(H-AR2ZARE Rl E I A Fs T 2 82 246
e 20 Bt [GAIN, 2000] -

&“’fi?“—E%4$$$ﬁ’ﬁ%“@%$1ﬁ§¢fﬂ—ﬂ’g%
@ﬁﬂ%fﬁ&mﬁ ﬁﬁ’ﬁmmﬁ\‘ P e RS 2 R TR A A
R A a kxS IR S A Wrr?'fm% #4541 - Chance % Ferris (1987)2
Mitchell Maloney(1989)$ Laytg gl A B E 2 g 2 B 7 i g
EREX #F’mwﬂ’EHiLi*E‘— ‘H}#F] Hode R E R Fl AT ﬁ?%*?ﬁi;‘;??
—‘ﬂk R o P B A F T 2.2%% B 2 ] 5 1.2% - Borenstein 2 Zimmerman(1988)
Cam SauiEe IR SR LI U el Sl SR e AR S A R
BT @y ﬁﬁiﬁufET o A ERRE LR AEEF A S B 1S RE B
Ao g REF AT 0 B Ao K4 mzw,wwﬂwvlo/o-s%l’m
FEEFAL i&g& 0%+t s BARCHEESESP IR FE HET 2 g
Flo P {& 882 n 3 TS 2EHTE 22 ﬁ%ﬂwg&ﬂo%ﬁggﬁ
£ ko Borenstelnli Zimmerman(1988)z # 3 4 i » T3oa 3 AT F L Acw B
PoEndp NS RS ) 10%-15%:7 7 sk 2§ @ Bosch® 4 (1998)2 #7 3 Al
hooF A ii ’;‘ 4PE S e AP iR F RFPR R R A &
Flo @ s Ry —‘*ﬂ‘ EJ#&W% B AR S Sk }_m'}gf’“ @i 234 - Wong# Yeh
(2003) ¢ * SAS#H # 2. X11 42/ (X11 Procedure)it i7 7 F 52 prf 3g & %1% 2
B ﬂffﬂ N2Hmp P 2@ gd FXFE GYPAELZ FREL 2 B
gy o f > HXAZTF P BERR ) -

Tpang PR b Y ES AL S g h A od B--1.7%(1997),1.5%(1998) ik 471--2.9%(1998) ~ + E
--1.36%(1996),0.96%(1997) ~ = % --1.98%(1997)
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P THREL
Delays to other flight

HEHE TP
Offload of passengers and cargo

et

Removal of aircraft

At

Incident investigation

SRS %
Recovery costs

5T

Temporary repairs

B
Blockage of runway

B

Compensation

g

Defect investigation

Transport for passenger

Passenger accommodation

Vgﬁi SN

Latent defects

TP R
Test flight

Ui ELES
Passenger complaints

B0

Compensation

Al SYFCOM/MM (5"
Record/FCOM/MM revisions

B R
Loss of goodwill and future passengers

Qi
Spoiled food

4

A

TR PRy

Aircraft rotation disrupted

A

<

i

Replacement aircraft

T

Fuel

ARSI

Aircraft on ground

TR

Crew change

S

Crew rescheduling

TR

Loss of revenue

T

Legal and insurance costs

T BSIEVE TR
Empty ferry flight
IS TEiARN s Fie |

Loss of revenue

Lease cost (hangar and aircraft)

A EYE IR
Crew retraining

T %k : Operator’s Flight Safety Handbook [GAIN, 2000]

gl 3.2
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¥EE o ppEa P Rew s g BA ARt R el g FARA
AR TS RE Y AP T3 iFz mawy > @A R Esitena
G 3. RIS 13@3—#@ ] ﬂi%]{%g
BE e £ )% b MDA L
-ﬂfgp/z%%ﬂxé*-ﬂj\ ‘ﬂ?‘
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\a\

Bl PO RS R A2 R TR e B A RE AP M TR
v &R R R AR A SRR 2 > B 2B TR
SHFEEH TP LRG0 EHE T I R ES TR A
SRR o P AT 22 MAET]E o T 2 o g o 7 2 [ & RERR
DPHBX AL AN -RETTFRAETRE DI F > [ 3o g s
PERELPR AL WL L2 B EIL o FP o B b B TR T2
BA% xdcvi- F R0 RE oL BEFEBH PTG N RT R R
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33 % FE2mE

d F e i %é—”é"gﬂﬂ—_l F LAy o f —LKIT%%&#I s L af sb@”\'ég‘““
2 BigE S Flt 0 L EERF R PO > MITL S RE PR kN
B2 b SR 2§ P R A b R

RARBLEHERG > A LFR- D REROLT SR RAT PR

—F" » IR A éﬁﬁi m’?’* - € R Y LTI RZGREL Pt A e K
Fjmﬂ;t-ﬁf‘—"-’nﬁﬂ—\'ﬁiﬁamﬁfk’B’*%’%ébt’i%éwt,l_%lir—k 4
ALY B REALSHIF-BAETFFT LA e o T A

X m_
E:a%f‘é-!z,,i.f @ 2 ¥ Nik2 F B gk o

MARETERY FAFMNEFATEREFLPRLIBL R P EDER
kg o u% Zhif i N P HEE S TR r By R A ¥ TR
Fe€ TP AT EEFEF ATt f]%:?s > 7 > Lowrance (1976):% 5 -
PR A 24 LR R T URL > @ ICAO (2000)4 R EF 2K TR
FA2ZR'E T B FFPN 2 RE o Ao £ 2 RAR G - AR ROy @ bR
TR X ié’f Pz R AptRe M E KA PR ESBERLF FHFE R -

FIFERS 20 TP ELMER AR X 2 REEHE Y LR
i&w??ﬂﬁ%i@ﬂ¢%*i§ﬂ4ﬁaﬁﬁﬁm’@uiépﬁﬁﬂ

2_ 1 i¥5-#r[Vincoli, 1991] - 7. Dumas(1987)z % % > & & F - s 2Rk » Gi
#%ﬁﬁ&m&m’“’ FONE ST RE@EP T E 5 Minter(1991)+ 4p dide % - 3E
WA ARG AT T2 Q\;fi7?3ﬁ'\gjpvb}§ﬁ;,¢?k%;b$iw?ﬁ B Ko H
B R MARZIRIE S - BA TR T A T 0 R E A > B DG
7oA sTERS - E X 2pRY £ 2 A

g d gr & g 22 (Error Management) ~ b & ¥ I (Risk Management) & 55
72 (Quality Management) & 7 fe % > ¢ IZBREE > B # %X g L2 Prodial o

?N%n}-p,
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AREAZ TR L TAZLARPBE- BAPRAP 2 HRE - R FIEL
APl - FEAAEITHE 2% 8 D - ARTRZFIPTE B R 2

T =
-+ 3 [Senders, 1991] » — &+ & = F] s R B (T "‘:ﬁf 7 7| [Reason, 1990] -
)'Léj a\}"é‘#ﬁ A ﬁ L—%Ekf”ﬁ?‘mmﬁﬁ“%’? 4 2_4 a\z ’ -ﬁ— # ’V\ﬁ'ﬂ’l‘ W—‘FM\:E
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HELFEFEFETEF L 254 5 @ 2 {945 Diehl (1991)z 747 7 &1 - = #gan 4
FAF2 L EHL5:3:1.
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Thom(1997)45 1 ~ % 4 —«i rAEE Y BRERZFF B S BAEEMYE
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b > Reason (1990)7%;&:3

FBHaFiviphE A B 7 g

rHTE R & J

i

v 5 e ij*,},ﬁ—-w * %
» 1235 Jones ¥2 Nisbett (1971)2_ # 3

A B ENPRTRE 2R

(circumstances)#7#: 88 » @ P ipudt R LT 53

v

éziwwg

AT A > B Ay AR XKW
BF R TR @ BB % 94 Reason(1995)d e % %)%

BB AFE 2R T :'.1;5:#«']&‘% ?i B BN () 3.3) 302 & 225 z\\%r“l@;
B EARERE B A A RTEFS
A AR [ 5PR flet [ ik hs
(Organization) (Task/Environment) (Individuals) (Defenses)

¥ 3] (Communication)

= 35555 (Task Design)
S'« 1% (Management fﬁz%FFatigue) ngﬁzgkes)
Tl’LlCtler) # = fith(Equipment) i EE[
F 1% (Goals) E,Jn 'J(PI‘Ocedures) > {21 Lapscs)

(Accidents)
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ﬁmﬁﬁéi 2_ kiR
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A R \ﬂnrg AR %‘ﬁﬁ ‘:“ C P E R AR
¥ renFE o ERAFTEZME 2284
SRt o R
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FTRREEIIRANRE

3B~ 417 (Violations)
Hy i

WSR2 320
(Active Error Path)

G [uﬂ'\ﬁ £ 1’: A
(Latent Error Path)
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AL %k : [Reason, 1995]
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E_E_;‘ H K sbngs,

iRz P RAE Byt R By L
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Ll #ivALA s 4 iR e Lohge
g Pl AR Ee TR PR
# iF CRER X

# 4 # 4 A H 1 #

FH AR AE ] ER

B34 EFTFZEA 8432 BT EFLHG

-

T+ &% 7 Smith(1996) £ Weinstein(1996)#*ﬁ A S AR T
PREAEY FIR SRR TR 2075 0 SR R e L

”“ﬂﬂf AR RS AR KA D S LR R
3 ek o Reason(1997) 77 2% 5 4 a#? D 4 i R PPIR e 2 L R
2_37TZ_ M C_ﬂég,@_\ 2@ HNEE RS s LA IR R s
FE TR A 0 LvE 0 A SRR WA FR “ﬁlﬁf‘fﬂrﬁ’%@& JUek s R 1t R e
BB R ARG R AT AR R s 2 FIR 0 R
SR AT 2 B MR 2 kA% e

o -%T\’x J@v H} SRy -

332k 'GFIR

B - AAARTEL  HREA AR VT RPBZ AFATE2Z 2 maEd i
BAEXZL%STET Wharton “rdn T 24 4 = dic(frequency) 2 % 2 R4
(consequences) shie £ i 0 Gratt #rdp T ¥ & 5 2 4% 5 (probability) 2 ¥ #4412
% 2. % # , & Lowrance ”Lr#p 7 M p e B E 2R (Severity) & 8 5 2 7 E >
By iPh'as 3284 algd gy, ﬁéﬁséfme[%me,s%p
Lowrance (1980)% =% i it g4 A 320 1 LB AL RFH2 B 5
(Infectious and Degenerative Diseases) ~ 2.p 7% 2 ¢ & (Natural Disasters) ~ 3.~ & #*
% 2uz2_ s (Failure of Large Technological Systems) 4.7 $7id ] 2 ¥ i
(Discrete Small-Scale Accidents) ~ 5. 1< & & 4 > i 2. & *& (Low-Level Delayed-Effect
Hazard)s? 6.4+ € soin 2 B j’(SomopoIltlcaI Disruption) » p* * $g 4 £ 2. £ B &
WHAUL R FEERL TR R EEE T O EER CF R AT N

RAES-FEFLEgL 85T F44] 0 @ &+ & MacCrimmon (1986):% & kb *&
MR ZBRFHLIEFP R E AL EYO TR A LEF T RE
REDTA  SLT B2 D7 RPIPER - fpI ef i o
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- a0 bR I A = T 4 3R[US Ar Force, 1998; FSF, 2000; Mclntyre,
2000; Hatfield and Hipel, 2002; UK CAA, 2002] :

- ~ & % Fzi%(Hazard Identification)

FEd BRGSO S B RS AL E AT L ERT
i 7 }2 Ké; ﬂ+ o
= ~ p5 % 1 jpl(Hazard Detection)
Er¥t R AL R C FEIRZ Vo B F]F 0 B A (survey) s A %
(inspection) s .2 (observation) % 2 ;X > AT R E2ZFRF - BiTR

(proximity )~ 2 2 A €AF xS A » T e rd F 2 Bk~ F 24 R T
}%@Iﬂ""’—\h‘? q\.?\lé%o

~ b & #7 % (Risk Measurement)

i

(=) % # %% (probability)

FAPF L LA EAINTA R REETHF L 27 o R
#E’. IP ‘\‘ -‘ﬁ Kg%lg_é‘z J‘,l:!‘i‘;EIJ o

(=) BcE 425 (severity)

BeE Ak fid L0 B Flodh A SEREE & A g (mission)
Arig e 2 BFE R L R M 5 6 AR T 2 ﬁxi@ R
7 ~ k%35 (Risk Assessment)
Fa - T3 o BREBEEREFAMI2ZFEEHNREE Y

— BT FZREARRE T AR R > FEN L A F)F 2 R EARRE 0 LR
AT R R L BT R 2 BALTR o

o

I ~ kb *& ¥ +4I1(Risk Control)

A R BATR - H YR TS 2

v 3] ]4 v L E o PR
;ﬁ/i%@-ﬁ;{ﬁ ,gﬂﬁﬁfr{f—?iﬂ»xf SRS S ES A K ;}7%3

B

g3 Rh e E ARG A - PEOR 2SN A R e
ERF AR AR > A E R ER* 2 F TR & ¥ 42 A (Operational Risk
Management, ORM) [US Air Force, 1998] » # ik " § 722 3 > d T&T it 2
B wFFF L IRFA2 VBB ekt A2 e AfSE
b *% 2= F 2L (Risk Assessment Matrix) (B8] 3.5) » ix h "% 42 & & &Pt T_L 38 & 'k ik
%ﬁﬁ%%?iﬁi%ﬁ,ﬁéﬁgﬁﬁﬁﬁiﬁﬁo
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Severity R [y . % b HE
e No Safety Effect Minor j Hazardous Catastrophic
Likelihood

W5
Probable

Pl

Remote

Hj b L

Extremely Remote

= R &
—— LOW RISK

Extremely Improbable

7 %R 1 [US Alir Force, 1998]
B35 h'&:FEEL

# & (British Airways) i€ * 2 h *& 4 7 1 & (Risk Analysis Tool, RAT)
[Mimpriss,2000] » # &%+ 8 — &5 & - & * & FAH(Fault Tree Analysis)z #£ 4 >
wjia‘.r@?i =74 2 A2 5 (B 3.6)° a%fr?fﬁ]ﬂ@ BASIS T Ry & A AF 25
42 PR ERBANED ’?‘47#“‘ “wﬁf}i}ik\*%/zﬁéffﬁgﬁﬁ‘&xﬁq
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ioie (©
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h J'JJ’FE @; g%ﬂ B @
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L | Gk ~ ik T
L’E_"f’%ﬁdfj‘ 3B e A fl i @
= e
@ = ¥I(AND Gate) A )
OFSHiI(OR Gate)
®F +4iiF i

F 8 %R [Mimpriss,2000]
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3 W& @ ~ & (Rutgers University)# & 2. ﬂm)k ‘g A 7 22 4 12 (Aviation
Risk Analysis and Management; AvRAM) [Luxhgj, 2000] - Reason(1995) i
(?I 33)5 AAH D FH k2 2R &R IFEERTE fiqi%“i? o B Tl BE T

ﬁﬁwﬂ<%”§“%?ﬁﬂﬁiii&P&§pW F RN S R Y
E—k?‘ - EAN Nt 7 HE Ak SR e A AT 2 1 ,’% fs BEAR R AT
ER T E TR 2R ”ff"'ﬁﬁp v R s 4772 (AHP) 22 Brown-Gibson 2 3= 15 $ i it
L2 R FF > B FRGE M2 107 F W i%‘ o HeY AHP = 2%
FHZE - A REHFAF R GREMBE RPN ET Bl BEL ”5‘»\
'E»"EL’*P%EL ' B AR E T F]S 2 £ R MHEE 5 @ Brown-Gibson i i * 4

2 FFFAS A F 2 AR BRI RPN F > BEAAFERER LA
for B4 LFFSFERTREE o

CD

o AR i - el
(Organization) (Task/Environment) (Individuals) (Consequence)

WAL Rk

Co o Con D ComeD

F# & R : [Luxhgj, 2000]

B 3.7 AVRAM )i iz )

Ao F R H - AP E AT S O RRE 2 g R 2 BT

53 5 Hoffman £ Miller (1983):%5 » % 2 g * nppfd ~ F &
A AR aﬁ%ﬁm}; ZEE T LT EEFEAL Sk TG
%uimﬁmgf’ﬁ'%%p1~7%4$,ﬂaﬁ#Wﬁ
%%&;ﬁ i MERE G F AR FF TS RS S L - A2
2250 e grgaa e ey L FR 0 £ A %xﬁff”*"t’ BRI A
ek ;H:‘f ’HL " p T2 £E2 %5 (7 [Bennett, 2000] o ¢t ¢ o d 3.2.2 0] & 2 At Av o
T2 o2 W R v FEHLAEAR G 220 B farisu
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AN gii;y:;gjaigcj\ L PR AN ST S : i+ AP LR IR o T s ¥
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o
AR B2 B FL @A RER J AT HEE LSRR

P

X0 B R

~

48



ZRIFE L BN R RRREE Yﬂ%i?‘z‘ﬁl"aé o MERFEFAHBEES
2 R B I R RE T2 R e SRR LB INEILE BEPR

W2 A H et £ i fBA )Y PR fz’?? %“ F % E2) 2 ¥ i 4 [Lowrance,
1980] A B FRRITH L R B AR R T o 2 M R
¥ FrEn[Wong and Yeh, 2003] -

333 &

SRR IR AR 0 w8 1920 & B 4egk4e 0 5 L Walter Shewhart 7 b
F % % (Bell Laboratories)¥? H &y v &% B - % fu;i o A2 4] > i (Statistical
Process Control, SPC) » H 4+ ¢ % 44 E@ﬁit‘ RETEEEFTEFEHIR > G W3
Jiﬁ“ Pral & a4 A M2 hshopt— pEA T 1950 £ X4k Deming B & ¥ AP
O Sl IR S O g X@(Chaln Reaction) 3L » 33 i & BF 12 78 52 % v
(Actlon-Orlented)i PAAE L TERNGT LRI ERRLHL > TR
Ly Arr e B 1 1970 & > Deming #-pt LA I w E B 0 X H o i E R g TR
kEdFE7>RES 27 F > & 26 & ¢ 2(Total Quality Management,
TQW»ﬁﬁ’i%ﬂﬁ%iiﬁﬂo

> & ¢ 2 (Total Quality Management;, TQM) % — f& ¢ 7 & & 2 5o 454
TR MR A SR LR GRS A 0 T R g k2 T2 4 £ [Dean,
1994] ;. # s g T d S F 2 )(Quality Control) ~ - 7z i-(Quality Assurance)
i &a fRISTEE  ARmaad mﬁ—v+ﬁ“ﬁww?a@ér

6 S LG I FORE A 15 e 1£%m1~
/E/&;ffﬁ W2 A Az gk > 48 [Mann, 1985] £ -3 p gt H 2 A A2
oo HIFiiEARw i\‘rﬁr'[%]38”r‘r °
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IEERSIEN S 31
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SEERE 2 BT FRQM 2 A g & k" % 22 R E E4H
o HRFAN G EFFEARAARRES X 2FRAR VMR T
i@**ﬂ#ilﬁﬁﬂﬂMmmlwﬂ BT IT A e BE (T4 R Rk
(Strategles) 4 (PraCtICES) 91 B (Too|s)1 A S j}g@ ¢ ;»g-_,? FRETR
[Lawler, 1995] $ > Manzanedo (1994) 35 ¥ 7 & (quality)- @ 5 % >
(Safety) @P*ﬁﬁ‘@ﬂ CRRE G WT g e % 2 F I A

Roughton (1993) 7 #-> & S H ¢ =2 RAp » € 2 g2 ¢ >3 42 ird 3.1

o

(organizational commitment)

~ it (culture)

VS 2 R R R
(Formation) ?f ia%fﬁgbxﬁéﬁifiﬁq’”%
AT - B FRE S AP R
#gae SNSRI e RS FieiT o
(Continuous improvement)
REE AL
(Satisfaction of the client)

: -
FFE R

(Systems of measuring)

yi L
(communication)
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Juran (1989)4; & B HE % F # L2 W FR AR T A 5 = B A & 5 (Activity) 0 &
W & & B AR %1 (Quality Planning) ~ & & 4341 (Quality Control) £ & & #& = (Quality
Improvement) - g L » 2% S A PFIRF L ER P LT K2k LE
T ETRRFELT O REELF R B2 4 A IR PRAE T 5
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McCarthy (2000)3% 5 26 & F 322 = R A 44 2 @At i
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BMIAEEZF R A IR EZ DY T2 ST EFEX VI FIEST
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