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Quantitative Safety Risk Assessment using Aviation Safety Data

Hyunjin Paek’, Jun Hwan Kim', Jae Jin Lim’, Sungjin Jeon', Young Jae Choi

ABSTRACT

To manage State Safety Program (SSP) in a more integrative and proactive manner, an
aviation safety authority of the state shall detect and assess the risk of emerging or hidden
safety hazards before they provoke accidents or incidents(CAO, 2018). In case of South Korea,
safety risk assessment is conducted by calculating the likelihood and severity of the hazard
following ICAO'’s safety management manual. It is reasonable to extract the safety risk likelihood
by calculating the number of occurrence caused by the hazard. However, it is ambiguous to
assess the safety risk severity defined as the extent of harm that might be expected to occur as
a consequence of the identified hazard. In this paper, a safety risk assessment method which
quantitatively calculates the risk of hazard using aviation safety data(i.e. aviation safety
mandatory report, etc.) is proposed. By utilizing the proposed method, the existing process that
safety risk is being subjectively assessed by safety inspectors can be supplemented. So that
essential aviation safety policy decision making can be accomplished by the accurate result of
safety risk assessment.
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Fig. 1. Procedures for aviation safety risk
management
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Table 2. Likelihood of occurrence results by hazard
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Table 3. Severity

of occurrence results by hazard

+ oo 9w |9 | 29y | 9ss9
o W | v | 9% | wiaw
. FI7 Ay
o At E=
A | BF A g 3 gJsfaslol
(Catas— g A}k olo] &ot=
trophic) et IF=
w2
QPHsHA
371 |22 2 BT A
]3] | R AR | A B
5 T4 E= | Bse | felawl
(Hazar-| wpag | z=g of7|5k= | olof FIl=
dous) THE | A 25 o 9
&3 | 2 A5FF | vAe ¥
B3
T3 . .
o} HHSHA | FFT] AL
ol B2 || |k e | 9 ey
(Major) | A g;g T Y AR 9o g
- = 28] B2 o
a3719)) % E7F 3
&9 | BT S | azame
p| B B w8 Toone | ot 29y
Minor) | 24 | (@34 up 9 ujA) 3ol o”]“]?l’
oY | Ax e | T
Bl
o o} g
ZAu | g ol ekzz}
E s | AY 9 | Sae
(Negli- | g =4 | A9 ® Ago=
gible) AR =
B
Table 4. Safety risk level and tolerability
. . HhAd gl Aqd A
ABE | TS| g o |z 4z
= 207
159 | .o wn | 5A 5B 5C | yobdA
» 2Dy I 7z L
(’gﬂ,’) “l—g‘ 57]' 4A, 4B, SA 731:]—0;‘%_5:—\_
T o “
SH | $87K54 | 5D, 4C, 3B, |AHRA ANE
aA) = 24, 1A 5l =& 715
322 | sgaia | SE 4D, 3C, | AR AEES
o= | TEISY | 3D, 28, 2c! | BE AU
GFeh| 1A, 1B | glo] 58 7B
53| . 4E, 3E, 2D, AR
9 T D—:l—
(av) 8 7Fs | 2E 11% 1D, Tag
* EE 1A A9L, A A 5 Tt} 25

= 35E0E T ks

Hof A S 2
Hoke Aok - F9A ¥ B7F A9 =90l
[Pl XASAL Qlow, F WA0] AT HY BAS
B3l Hoh U bt 7k ehE AlARSIL Qltke.g.
Han and Weng, 2011; Scorzini and Leopardi,
2017: Zolotukhin and Gudmestad, 2002). & Tt
2 Aol B4 AEEst Aol A B}
7o) F 04, W7 A0 BigE, gune A5 A
S 90 2 oleient 2 FARS A
(Fung et al., 2012).

olo], & Atolx= FBetd siacle] AAEE
AFH o2 @risty] 3k WHEES A/ketarAt sh,
g 718 o A¥x 7ol Andat i
< Fojotazt gtk Ak B7P1HEY A, oY =
7He] A B0l B ARRIREd Ropo] B
Jsto] 4HA9] ZREA] W oSS 2O RN,
U FFbHRoRRTE ofyzt 9] Fabiior W
B} At ko] &8E 4 SlZ Zlolth

HEZO|(AA0]) 93T Wy} HFAl
=Y DE:— o ]- o

Dlyoaes REANE M) =
psi]
=

2.4 OURIAT} T2

—

=t

SELET FEPAFAGA SRS
E1%(state safety program, SSP)< Alggstoq, tid
=7F FEMR ARE 1S 5 e AsiaklE o
et HAEES AL -+

YA olshaAREe]

S/HP AR T Aol T2 A E Bk
AT S, IRSEE 518 TR e W
A7) e, SHES HFHoln Ansow
WK 4 gl FEAe] Bastt of HoHE
Ak WS B8 4 9k

. ¢

Y

Yo

3.1 A2 H|0]E

£ AgolA Albshks A= F7PIl AMSE=
A dlojEe FEdAY A2z 10944004 A ofst
+ 1239 Fedddoleeltt. g Hlols= F57

AR AL HolE, OFHT AR Hole 2§



FEIAEOIEE 283 sl A= HFH B 149

BAHIE old 5 FIWAY 4] B

5 12 9
o AREEE HolHE JuIRtHEEN S-S, 2021a).
AR 710l AREE= Y dlole AlZHE HM Y
7t A4, B4 1 WEeE EX siacio] &
U = Qe ofRt 39 e oWlEr} BrkEst
Get tiFe] doje7t AMgEE
A= %ﬂ?éﬂoﬂ gt A1=4do] o =kl T 4= 9l
o ¥ % Bk = e AdakE|e] 584w
AIHIS Efote] F71H 07 fggx|ojof shH, BT}
F7e 9% BrHETe] B3t P4E o= TT
AP Aazud) /X F712t ST £ &9
(190l 43] =35 283t & &, 20224 28
7] 9% H7} Aol 20229 19 195 6 30
TR (EE 20199 69 30Q95E 20224 69 3097}
A) =34 dolelE Akgst, e weh A4 dlof
E19] AI7HA WS 24T 5 Stk AR AT ARk

Fig. 29} At}

ol

3.2 a0l A

FLAYOIEE 43 ofol, FaebaLo]
H A2 o 2go] Bt 74 A9 wet o o
oleiol TeiE gslacle APEE) g Sol, B

7] AR AL Qo) T elolelol she ol
EQo} ¥EiE 3w AHH, oWlE 83 /e 9
ZANG 5o B YRS mYPh RS A4S

<ClAl>
OJMIE : #37| AT, FHE NE
el : FaolA, 7|0 0B, 2K 0lC

NO

Mg 2E olofEo]
el MZtE e s

Lsiaold F@ HzE AL

HZE M

29lA°] B2 42 = Y1000 x 321 x 157 ‘

R29IA° @ MZE = 36475
— 20IA° HZALS "BRF) +FE22 HY

Fig. 2. Procedures of proposed method for
hazard severity assessment

Table 5. Hazard identification example
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Table 6. Likelihood of occurrence results by hazard
(amended)
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Table 7. Severity of occurrence results by hazard

(amended)
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1990). & ¢A+ollxe] I vl&S AXRRE A3}, &
= AE) digt 484 Hl€o] 0.1 oJstE YEltom,
B4 Ao lo] 4= gHsidta & 4= ot
(Table 10-12).

oMIE 5o digshl= 89 7F AAEE B4
23}, FE7] AUt 57.0%2 7P AzgE glog
TEEQth thEo R 57| SAU25.1%), FB7I%E

Table 9. AHP respondent properties

Table 10. Severity of occurrence level perceived
by respondents

P37 A 0.570 1

F37] EA 0.251 2

oMIE 5 FEL R 0.093 3
AgHET 0.045 4

I Hd= 5 | 0.041 5

CR = 0.088

Table 11. Severity of safety performance indi-
cator type perceived by respondents

- a9 oy | e
AEAE 0.595 1
A 54 AR 0.237 2
YA E 0.104 3
A 9| 0.064 4
CR = 0.070

Table 12. Severity of contribution to the oc-
currence perceived by respondents

A7k
T8 29l o | =
Zg99] 0.677 1
710 HzQ9l 0.217 2
Kzske)| 0.106 3

T HlE HEg

. @ 42 65.0
o34 23 35.0

20th 13 20.0

30th 37 57.0

bk 409 12 18.0
50th 1 2.0
604 o) 2 3.0

sty &4 48 74.0

gt A4 £ 15 23.0
Ele = 2 3.0

CR = 0.085

Ao0(9.3%), AFEHEI(4.5%), 1 (4.1%) ¢ & 4]
Zw7t ©2EQe) theo g A 53 Q9159 gt
AT g meleRgitt FHEARIF 59.5%2 A
7v 7P A QAEIgleH, BARR 23.7%, HEA
X 10.4%, AE 9] 6.4% £02 AZt=r} QA= Qi
71ojmo] AL, F9Rlo] 67.7%& =7t 71 &4
Uepgon, Hx391(21.7%), 7HE821(10.6%) +2
2 44wt A=

At AP Al Alkre] HodE gEskal, ARSRt
7t 4= A8 W RS ¢ xS 990
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7Fe2 B9E A (scaling)stct. AHP 24 At
oA Zt wiZfSg] iRk 8l 7SR Hagke 0
ol HchgZ 1olleH, A2 022 [ASHL,
gk 1008 dAsto] e 2219 $X5 2745t
et 7 W7 8919] #F 7HSAl= Table 13
I gt

A H4=E A 4% A g 2110l
23t oMlESO] Histe] 42 HA=E Attt o
£ =501, Table 1429} o] “J&R14] & IA] 50|
gt ffsiacle]l FEIZNE FEstAHL s
o[HIE WA &, MHEY Hlo[E7t HeEn, £4
o = Aol g olES] Hie T A A
ot 23, A E Fgo] THAR M, g Hs|aslo]
‘Faolog zZget Aoy EAMsiyirta skt ol
St B, 4 WP EaE 7S AlE Table 133 o] 7
ofsie, dypaom “FgA4 o AAsH olzk=

Table 13. Applying weights for the proposed
safety risk assessment method

7 29l 742
P37 AL 10
F57] AL 4.40
oMHIE 57 5ol 1.63
ALHT 0.79
I Q= B) 0.72
HEAE 10
WA 3.98
AR 73
AHAE 1.75
A% 9| 1.08
99l 10
7)o 2xQq9l 3.21
7HE8a1l 1.57

Qi ol
saal
& g3 | e
oMIE 57 | gEIHA | 1.63
494 9
P —
9] L2 AR 53 AR E 3.98
7% F89I 10

HAE = 1.63%3.98x10 = 64.874

153
Table 15. Example of calculating risk (multiple
event)
L oHE
e
23} AT
o[HlE]
398
(AL, A, 890
ArglolAl gl o|HE2
e ] 20.82
A &Y (Zoll, THAE, BFQ9D)
oJHE3
] _ 163
(gol, ARAHE, 3820

A= = Y3Wx2082x 163 = 110.54

219 M7 64.874' & AXMHTH

g7 7352k o] Pz aslel 4 71zt Bt 1719
OMIES fET 4 A, HEY Afolls to
OMIES FIRITE 5, 1719 Hsialel Hate] Ht
&7} 27 ol AkEE 4 Sl olmle AkER A
sl Hit 7IshE w2 sid Hsiaclel Het A
g P7RITL 9E £°1, Table 159+ Zo] =}
14 E QIR s ozl s aglie] 3719 oHIES
ARt AP, 2 oIES it HALEE Altsial, 1
=l et 7shEde Axtst] HFAJA 4A=E
AR

. Hi

471 IS B0l HoiaE AAEE 4RSSt oS
o, g & 7Rt g H74% 5595 Brtslof &
ot A% 552 Bl HeiAle A4 3ol o
st 53 & 7]¥(threshold)o] 2 a3}t

2 AFoME A= gl ek & Ve A
got7] flste], BAA 7S 2-8silth 2 vz
o] gk 8Rl19] X3k F 60719 -2 F(eHIE
58 SVHIXAR {3 47HAx7|9%E 37FA)olH, 5
ojxl 7FEAE E85to] H4E AR 2= Table
163} 2t} AL JE AR 607H] B8 45
SHA| 5 £35te] A2t S5 Fofstd AsH %t
o A9 1~12¢919] 499 7 =k &, 19
(AH, AEAE, F890)e} 12¢(REHEL, FHA
X, Fa)7}F £ 5302 WriEHh AT 15919
g 10008, 154919 HE 78.958 0= 1 A
o7} mie- I, 1599 oMIE 552 FF7] AtaLo]
I 12491 AREHEL Sgo)7] mio] AFE
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oA 1£99 1298 72 55322 Hrle]d & Table 16. Continued
27t Aok &, ©<e0] HIPEE HAP7A Y Hg
£ #55H 5 B8] AAE 53 FolsHA =HdH

i

=9 |oMIE 5 | A 73| 7lo= | He |[HAE 55
24 | A= | BAAE| F89 | 28.65 | DA

:

rEﬂl

AN HoIshe e Xéﬂ% Fsp7] ok,

CIPE A s 15 & AP el 25 | IHge RPN A 2852 ) DO
e BEfsle] Ve ~i(box plo) e 2 | @A S KR | 27.46 | DO
8510 A7he S2S 1Hs9c) HhA Z20 o] 27 | AR (A ZFHAQ| 27.37 | DY)
golElE AREY 4(quartile)?] 4 - Foigroz & 28 | ol |AEARE|FHR| 2555 | D)
St Hlole el 4l A=, oVdA(outlier)E 4 29 | AGET |ABAE|BEQ01| 2531 | D(EH)
A AEg 4 Ak W, HE F9He gol 3% 30| = |obaam| wzaq| 2467 | DeAT)
2 W) gk dole] WEe TERE 4 Urks 3

|
|
|
|
|
|
|
31 | QHAZE | AREAE|HZQ91|23.06 | DT
32 | Pl | TR E| HXQ91|20.83 | D(Eu])
|
|
|
|
|
|
|
|

[e]

—

ZA5}7] wj&ol|(Frigge et al., 1989), Table 16

. . . 33 | A | AE 9| F2<% | 17.55 | D(AEv
Table 16. Calculation results in each case using
the AHP weight 34| A | AR 9 7HH89l| 16.84 | D(EW)
9|

35 | A | A Hx2Q9l|15.18 | D(AEu])
36 | AR |QPEAE| F291 | 13.80 | DY)
37 | A= |FYAE| F891 | 1257 | DEHET)

—L

<9 [OMIE 57 (AR 9| 719E | He |[d4= 5o
1| A |AEARE| 7890 | 1,000 | A2

ol

2 | FAAL |\ FEAR| F89 44035 BRI 38 | 22w T |AEARE| 7742091 | 1236 | D)
3 AR |ZARE| F29 (39832 BERIR) 39 | =43 [obgAE|7Hdecl| 12,05 | D)
4 | A |AEAE|Ex891(320.53| B(EIF) 40 | oHAZE |ABAE|7FELR| 11.26 | DET)
5| AL |BHAR| F89 |175.40( BRI 41 | oAl AR E|7HER<1 | 10.18 | DM
6 | A [F¥RE| F89 17479 BEIE) 42 | AgEY |FAXNE(EZ28| 10.08 | D(FH)
7 | Al | BEAE| F8 |163.16| BEY) 43 | oPAZkE |WAAE| EEQRl| 9.18 | D(EM)
8 A |ARAR| 729 (156,57 B 44 | Aol QPPN E| B2 | 9.14 | D(FEv])
9 | AT |ABEAR|BZQ9|141.15| BER) 45 | AgHAL | XE 9] | 290 | 849 | D)
10| Am  |BaxE| Exeel|127.67| c@e) 46 | HE (A 9| F8<Q | 7.74 |EOERSA)
1| am |am 9| =89 107.56] @) 47 | AL | AR 9 | 7H8R1| 7.42 |EMEH-AR)
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o
e
i
o,
T
=
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|
el
|
49 | AgH T |BHARE| 7H82A | 4.92 |EEHS-A0)
50 | ATE |BAXNE| P8 | 4.49 |E(EH-AH)
51 | Sxgof |RPYAIR| ZH 81| 4.47 |E(R-7EH)
52 | AR QMR H2QQl| 4.42 |E(HSA0)
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20 | ebAAol |AEA®|(EZ801| 5230 | DEER) 57 | AF&ET [oHgA ;| 7480 | 2.16 |EERSAD)
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Fig. 4. Box plot result in each case

Table 17. Severity threshold
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