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EXECUTIVE SUMMARY

1. Purpose

= This study is to develop a maritime traffic safety evaluation
model that reflects the maritime traffic environment of

Korea.

- The main purpose of this study is to develop a model based on
an analysis of previous studies and data on ship collision

accidents that occurred in Korea.

- A model was developed by analyzing the relationship between
collision accident data that occurred in coastal waters
surrounding Korea over the past 5 years and the collision risk
factors suggested in previous studies.

- Verification of the excellence of the model through comparison

with the currently used collision risk model.

= To present a risk map for areas near Busan Port, where ships

enter and depart frequently among coastal waters in Korea.

- Since the maritime traffic safety evaluation model includes the

concept of space, it is possible to visually indicate hazardous

vii



areas while displaying them by grade on the risk map.

- In addition, the suggested risk map was verified by comparing

the risk map with the actual location of collision accidents.

2. Methodology and Feature

1) Methodology

= In this study, port traffic volume and marine accident
statistics were analyzed to understand the current state of

Korea's maritime traffic environment.

= The major factors of the evaluation model were derived by
analyzing previous studies related to maritime traffic safety

evaluation models.

= To develop a maritime traffic safety evaluation model,
methods such as ship operator survey and machine learning

were used.

= The maritime traffic safety evaluation model derived from
this study was visualized using the GIS program, and

compared and verified with actual marine accidents.

2) Feature

= This study is basic research, and through previous research,

the main elements of the maritime traffic safety evaluation
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EXECUTIVE SUMMARY

model were derived while the model for evaluation was

developed and verified.

- The developed model was derived in consideration of internal
and external factors related to maritime traffic, enabling

real-time evaluation between ships as well as spatial evaluation.

= Visualization of the maritime traffic safety evaluation model

- The visualized maritime traffic safety evaluation model can
intuitively identify dangerous areas in a target sea area, and
suggests a basic model that can be used when establishing

governmental policies related to sea area safety.

3. Results

1) Summary

= Through the analysis of the existing maritime traffic safety
evaluation model, limitations are identified and a model that

can consider both internal and external factors is developed.

- For internal factors, the importance was derived using the
conjoint methodology using the main variables of the separation
distance between ships, the encounter relationship, and ship

speed, which were derived through previous studies.

- The probability of the occurrence of a collision accident was
derived using logistic regression analysis, decision tree, random

forest, and artificial neural network models for collision
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accidents that occurred in coastal waters surrounding Korea
over the past 5 years as dependent variables.

- External factors were derived using random forest, which had
high accuracy among collision accident probability models.

- The weight of the final marine traffic safety evaluation model
was determined through a survey on the influence between

internal and external factors.

= Using the GIS program, a marine traffic safety evaluation
model was applied and visualized for the sea area near Busan

Port to derive and locate dangerous areas.

- The risk map was presented using the existing evaluation model
and the evaluation model derived from this study.

- The collision accidents near Busan Port that occurred in the past
3 years were compared with the danger zones, and all marine
accidents were analyzed to have occurred in the danger zones
of the proposed model.

- Through this, it is judged that the risk map classified by the

density of risk reflects real collision risks well.

2) Policy suggestions and relevant activites

= The maritime traffic safety evaluation model developed in
this study has academic significance in that it derives
quantitative values by considering both internal factors that
occur in the relationship between ships and external factors

related to the environment in which ships operate.



EXECUTIVE SUMMARY

- The data used in this study includes marine accident data over
a three-year period from 2018 to 2020, and it is necessary to
strengthen the model with continuous updates.

- In the future, it has been judged to be necessary to upgrade
the model through research that diversifies variables for internal

factors and adds scenarios for each situation.

= The risk map using the GIS program provides a way to
visualize in connection with the maritime traffic safety
evaluation model, laying the groundwork for the general

public to easily check the safety information of sea areas.

- It can serve as a basis for policy decisions when determining
the use of marine space, which has recently been in increasing
demand.

- There is a possibility that it will be linked to a policy to improve
public awareness of maritime safety through public services
such as the development of a platform to which the model can

be applied.

3) Expected benefits including policy contribution

= Quantitative values derived from the maritime traffic safety
evaluation model can be used as indicators for policy
alternative selection such as maritime traffic safety diagnosis

or marine spatial planning.

= It can contribute to the prevention of collision accidents by

displaying the results of the maritime traffic safety
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evaluation on the ‘Hae-roads app platform, which is often

used by users of small ships and water leisure equipment.

It can be used as basic data in the ‘Marine Accident
Prevention Information’ provided monthly by the Central
Maritime Safety Tribunal to provide maritime traffic safety
information in coastal waters to ship operators and shipping

companies.
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Xz oAt PORT-MIS(ZAHY: 2021. 5. 14)9] A2 S HIHC 2 XXt 2y

(ad 2-1) H= YUY F0|

1,700,000
1,650,000 1,655,997
1,635,610
1,600,000
1,686,002
1,550,000
1,600,000 1,519,265 1.510.125
1,450,000
1,400,000
2016 2017 2018 2019 2020
XiE: oAt PORT-MISS RIZS HIEHOZ KXt ZHY
1) fore
Bl HEEERe 20208 7|E AW diH] 12.3% FASH 49
L119% 25 71533, O35 Qdskas Ad oiH] d2(-12.9%3 2

b) tith, 22, Sail- 535, Op, 22, 724 S8 2§

)

16



U WgsE2 S7H(10.6%)E ATt E5] AR 20209 129 7]
Z, Agloly 1879 TEUE A&t MA 799 HAgoly &dlo]ct.6)

(E 2-2) 203 got2 Sy
T M E(2021. 5. 14. 7|&)
= 20164 20174 20184 20194 20204
9l Q=4 306,889 337,218 396,615 407,193 354,456
5t =5 42,818 47,311 53,606 50,340 44,058
< A 349,708 384,529 450,221 457,533 398,514
Ly orstEM 12,661 16,702 11,239 11,227 12,439
5t A0 ZHM 70 214 84 234 242
< A 12,731 16,916 11,324 11,461 12,681
EA 362,439 401,446 461,546 468,994 411,196
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A= 9016 2017 2018 2019 2020

#ey A
Sofl 3ol 1321 128 108 101 94| 563
Mal Sah 36 43 47 37 54 217
j =l ZaH 96 9 74 91 124 476
7|EL 720 35 50 b4 37 248
A=) 336 297 279 283 309 1,504
=%l 2,307 2,682 2,671/2,971 3,156 13,687
F1) 7|EF 2AE: ZolR M2, ok, BEE T, oted, 1HE, SikE fA" S
2) HAURF: B E ‘FIE 2 T2 2 PR A 225 M5 Yol 2 e, ‘=5e'=
‘S, M, ol 3ot VIEF (= ¥ Y 5)2 7R
A2 SUHUQIFAILRI(2021b), p. 232| AIZES HIEIO2 XXt &by
3) &Y siYAl S

2 597 Pkt 99,
o 719 B WS, L8

90U A|&H 0w Z78hT, 9 ol FHEL T 7
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2= 2016 | 2017
12 166 168
2% 153 127
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6% 179 271
7% 195 | 242

36

109, 8Y 402 Wo] ¥hgsigion 24
S FALE 280l 7S AAT7t 24T E

N

S

B19l: 74
2018 2019 2020 ]
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102 255 250 317 327 351 1,500
11 206 242 223 262 286 1219
129 199 187 237 208 229 1,080
A 2307 | 2582 | 2671 | 2971 | 315 | 13,687

X2 ZSYUGHUOTATI(2021b), p. 242] XAFEE HIEIOZ KA} &y

4) NZHHE SHQAID 3

o

F| 57 FALE 4AIZE S99 A ER AT EE, o A7
il 8~12A10 7H ol TSI O H, 0~4A19] A AlZkcfofl 7H A
A B8RS S1E 24417 % 8~16A19] B SAITE & 6,819
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X5 m 131 155 151 161 709
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749-9F ¢ AT} njgAo] B FEL0R BHREE B
oF. 181 o]#gt wAIES NAdstz] iste] BhAo] AHA 719 %Xé
A9 RS He 992 HolW] A7 2974%0] HAEHA gt
+ 7H< sielth

jabo}
o
)
)
ol
ol
o ¥ T

Vos > Vps 1 OT
Vps < Upg : SO
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(O¥ 3-3)2 789 2449 AEo|th R2, R3 ] TSR1 99
FAGW) &2 575t R5, R6 tH] TSR1 I FAA(SO)LE &5+
stact. R13}F R4 oiH] TSR1 992 AAt gpA9] &2of wet =4
O FAASO)0] 2R EE St &o] JiFor 7 Auk2

2o] Wi 4uke 39T 4 g/l BE 1 sE8 H]LO}O% 2543

22 FQ MUSE i D Al

1. IWRAP 2

1) 7

[WRAP(IALA Waterway Risk Assessment)= 3FgtpER9] Q@S &2
Aot ATA B7F Hdoltt o] Hdl2 1998~2001" 7ttt Coast
Guard®} glut=2-33+ 8K Technical university of Denmark)°] 352
2 2od3t ISESO Projecto]l ot 7HE=| ATt

IWRAPE= TALACIAM E4j2 0= S35k shdals A 57l
o} IWRAPOIA= ZHoid, ABEE iF, &2, oA, F+FA0t
qE 5 & Auedol B2 P Great Belt, Danish waters,
Dames Point bridge FL. New Orleans bridge & Al o2 =92
g Y A7t vt 3= HI=E AAISHL Slth. IWRAPOA AA|Sk= &
= Yk o 202 AREE
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2) 7l5tatE| Mt £S5 HIE
(1) DRRRIE A8 28 A V3t ME

(2 3-4) DIFAI= A1

oo

Rote 2 R G-

Center of Channel

Eo—-----

Route 1

G

At IALA(ZAY: 2021, 5. 29)

(18 3-4)= FZ1(Routel)o|A Adh i} F& 2(Route2)ol| A A4} j
7t u8 o AATE "R Aot} ulEA|= A sk Adt &
= Vks o3 4og AEEH

V
head—on _ head— on
NG U;ZPGW(] V(1) ‘J/(Q) (ij(l)QJ‘m)
¥ i j
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V) % jo] Auto] g7 204 Egels Bisd

QY: = 19 A% i Aute] B
o E}%E}.L 7H4 o}.ﬂ UHX]L *JFH Tﬁ}— 2 _Eé*dﬁo*

. Bij—i_:uij
..

1]

o

WPOoR FWNLE 0hed Aom AkEo] A5k At
V= Vi— V, (V, > 000 A4kstr] o], v, <0 olel 55k

7k ROl PR FHAVGOREE /29 Bk REHA 05 2

2 AEolA] F13keta] Al 3 MRV )E Alo] P22 utet 22
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(2) uXfok= HE Al N2t M=

(2 3-5) Wxlot= &%

}l
/ ~Risk Area
Waterway 1 4 [_._./ B

"
P
-~

A= IALAZAY: 2021. 5. 29)
(O™ 3-5)= A9 SR dAE = 71 YEpdth. 1At Alo]
Negh2 A% iRl Aldo] F= 13} A1F 9 Aldfo] =& 20904 0] wAapt

.

o7 gt o b9 Aoz A4kt

QY QY 1
NEossing = Z Vv W DnVu p: for 107 < [6|< 170"

A714, QV: g 19] A% i Alute] S}

QY: = 29 HE j Mo 53
Ve 1014 A | Al o 2004 A Alet 7 Al
= \/(Vim)2 +(Vj2))2 —21/;“) Vi cosh)

J
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(
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o714, £V B2 1914 4% i A9k Zo] BF
LY F2 2014 4% j A4t o] B
BY: g 1014 A% i Al = A
BY: g2 2014 A% j Aldt = B
Vo B2 100 A% i ARl & 2004 A% j Al 2E A
(V,, = \/(V7;<1>)2+(V;2))2—2V;(1> V,»Q)COS@)
vV 4% i9] Adto] g2 1914 St 1

(3

&5
VP 4% jo] duto] g 2014 Bdets s

0: 3= 7 WA

U(P,) o] FA=IL o] g2 t FYofl &k A& AdsiAT. o] |
He rdste, g 49 JF WA P=the Aol Atk Synthesis
approach W2 Auto| A EA5t doto] WAs= & 7H%th oy
St Agto] AAARI =7to] WA AfalZ o]od Zolt}, Synthesis

"ol A Q132 Ql(P,)2 BBN(Bayesian Belief Network)O]
U FTA(Fault Tree Analysis)ol|l w2t AAbgIT) 35

rE

approach W
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TALAGIAM = 712 17819 FE (E 3-5)¢F Zol AdstaL 3.

H 3-5) IALAOGIM H|A|SH= 7|2 Q1atQl 2f
TOAE oIt P)
OEERl= A8l 22 0.5x10 4
FUSlE MBI EE 1.1x10"*
LRSI Mg 55 1.3x10°*
DRI 5 1.3x10"*
Merging situation &= 1.6x10*

Xt Peter Friis—Hansen(2008)

2. ES LH136)37)38)

Environmental Stress(ES) 2@ A 5OHA X TH(MSA: Maritime
Safety Audit)39404D) 7} mdlz 22 Q-Eyetel dEA FFILE
A ot 7o R ARgstal 9tk ES BES Yol Auke] 1 &
7 AEFHA(ES: Environmental Stress)g 24 &7 AEH AL} W& g

4 AEHA 5 % AR TR,

1) &d AEHA 44

[

35) Kujala et a/(2009), pp.1349-1357.
36) Inoue et a/(1997), pp. 225-234.
37) 32(2003), pp. 479~486.

38) Inoue(2000), pp. 167~180.

39) &9z 2/(2009), pp. 79~84.

40) Cho et a/(2010), pp. 699~704.
41) Zol2 9(2010), pp. 36~45.
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A 2 AEFA 83 2 S
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(1) =M 28 AEA
A 7 AEHAE Aol Ffshe sige] A9, A, Az 5
9 3o A, B4 Aoz AuedAprt 2449 Alghe 7]
Al e AEHAE AP A 3ol
A 87 AEH A AFA Y £S5, & AEchs AR dAEE2
ot 2o
[12A] @A A2E SHOR £90° W99 24 F3 24 sda o
o= ARt
ZF o

Al @A J= 71% +£90° HANA 1=riet HE7HA9 Al

53 vet A7 e RE olgste] Ak
2 29I ol A

g 24
BRA) 2 A2olA () 1) Lol2l 9
YA Lol AEAAS BFY S/LS olgsto] AEdt,

SIL=a(R/V)+ 3

o474,
SIL: 9ERe) FEoz Qs AN} Lils AEdA
= A%
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+90° FZ WY Wl AA A B AEHA 5SS ARSI

+ 90

ES,(t)= SJL(t)do
—90
ojuf],
24 87 AEdAA B 5,9 A Theat Zo) A=t

* 0~500: Negligible(5]& 7Fs)

* 500~750: Marginal(31-& 7F5)

* 750~900: Critical(Z34))

* 900~1000: Catastrophic(3]1-& £715)

A2 71 +£90° oA 1&=niet BRAA7EA 9] AL o
£ B AUEE vk ddirEl RE ol8ste] Attt

o
t
N

Al 2t AzolM () 1%) Lo BHdS 29357171419 oA Azt
o 2AA} Lrle 2EHAE 34 SJ5E o83t AETH.

oy}
;
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=
(<)

SJS=a(Tx V)/ (A4 E g4 B AR+
a(BAiA /A 4 EpA9]

ol

o714,

a(R

R/Lm)+ 3
)+

+3
w+ A+ 3

575 B9 o] wek 2R Lals AEHA

0.5: BA 230w AREE

g Az

RBP4 A2 [ml

v R AlaE|

m/s]

L, AT} e B A= m]

T3t 2 ARAE R et AHed AlEdolHet AERANE
S =5 AURdAt %‘—J?{r% Hget As a6 oI Z

a = 0.0019- Lm

ERA 1 2% 24 wE fe= o 2o

SN Fdst= AS f=—10.65"In(Lm)—2.07

FAo|A Ftst= B 3=—10.65"1n(Lm)—2.35

A4 =2(head-on) f=—0.651n(Zm)—2.07

Au] Z2Y(overtaking) =—0.65-1n(Zm)—0.85

(0) = cos(

S

90

1109)

A

2310 L%s_}z% éE‘ﬂﬂé—% H*é "JEP-
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o BA ASUFE V120 Hhek Bha1o] ATiildeglS Lhebit

LAl A2E +3~-39 AEIHAS 0~69 HMAR Ak ¥t
+90° = e W A4 wE &3 /\Eaﬂ/\ ESgE AMEditt.

+90

ES,(t) = SJS(t)do
—90
oju,
WE Y AEHA 9 BSy B ot Zo| sjadr.

* 0~500: Negligible(5]& 7Fs)

* 500~750: Marginal(31& 7F5)

¢ 750~900: Critical(Z4))

* 900~1000: Catastrophic(31-& £715)

7 420 29 1007 ol EARP} LAl AEdA] Fo| 87
AEd2T} S, 24 B AEdAS W B4 AEAAZ FA0] B
Viohe Bfol ) A 55,9 5 & 3 2 G oK L4
H2B 1202 B9 o0 FE Al B AEIA B9 e 34

+ 90
ES(t) = f max (SJL, S.JS)(t)do

—90
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MUEOH Tt 2 Jfy 03

3. AlSyRisk
1) 71
AlSyRisk P82 2¢jo] qleksde ghalshs 7k Aluke thios 9

o]
)

YEg AN 4 9l ol s wde] L AIS HoleE A
gto] Ags, SRR WA 1Y 3, 715 A2l He Hu

QA Ak Fhol =&Hrh (I¥ 3-7)2 AlSyRisk ZH9] 7|2 25 Y
ERdTh, 2E2 Tt AL o] g9t 71 AR A gl whet A
Hoioh 121 ¥ AkkE sliA= ALS, Ship register, AR} A
1 lolg, AYPHE, 7AHE, VISY FE7t dasit dgH FEe
Z17to] oy A& F5f AFAQ AdE ol ==FHh

(d¥ 3-7) AlSyRisk 2% 7|2 L

"y

o

Ship traffic data Accident frequency calculation Acute pollution calculation

Other data input

- SafeSea Net Norway

- Fuel and cargo info

- Ppilot/Pilot Exemption
Certificate (PEC)

- Coastline/bathymetry
Accident statistics

- Expert judgements

Highres - Crude oil
AIS data == @
S 8 S '
5 Oil products
Ship data = 3 s
} @
Ship o= s
2 info e —t o == o Loss of lives calculation
: e
2 Metocean data g People
e = S onboard 1 e
i Wind A e " 4
(=] and .
current
He 4‘.——_

<y B
- "

Fire/

explosion

Risk calculation
Risk = Frequency x Consequence
K

Interactive risk
visualisation

Tracking risk status
and development

At&: KYSTVERKET(2019), p. 13
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2) AL RHE 2

(1) BlE @

P ABE DD A0 FRo| wet Hx, FE, W5, oM, =
w2 TEER, G 3-6y0) A AL Qo] whet Sjopka B W
2 Axa,

H 3-6) sHYAtL 23 2 ALt &2
HYAD 2 AL 2l
SEOFXE 48, UAfols | 52 222 YYE: YYo= HIES FHoIU SA BZHE &
43 st A1) 3 P2 55 A5 XS0 YL E £5E
six) / =ur SIMf/EY RE2 10KUT SH/ZEALD HIE0] &&= Al
e 7ts ZOIo AL BIZE =58
RIA A RE2 101U AL BIE0| e E 5= AFS S0t
a MO BIES EE53
TAE HAGHK| 21O H, 20& U Z=E 4= U= HEHEOIM H
TS HotR| g2 B2 HES 0I8oi0] YIS =53
S0 712 2ok 72)et 25 S 0|80 BIEE =53t
Atz KYSTVERKET(2019), p. 219 M2 E HIEO2 XAt &4y

AEE R 38E 5 ol Yook Adon PolEn 38
Ater] Jaia At goE wdotgltt. &, 35 Hles Adt
o X“%HL 3159} Aok eol FYy
il Rk g 2}
g dH= °l &3, *d‘i} Za_‘OL 293k AR Sof et 27171 2
9

R= R, <0.7log,, (SOG+1.0)

71M, By 2F JHOl e SR
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SOG: 4 Auke] x4 (kt)

Zeste F Ad J20] AHAE(0)0] wEbd 29 FE7F 2 H
A= A0 A Atid = 165°¢0<195° 0, FEsk= A4 4
AL EE= 0 <25° or 0 =335° o|th. 181 WA= Aol Al
= 25° <6 <165° or 195° <6 <335° o]t}

E 3-7) 29998 Y0 MASS e,
(B3-7) QS oINS ¥
ZoNY CRE CrE|z

uAIoh= E 8L 47
Z2oh= og 7L 47
Ol Atst 201 4/

(2 48 ZOIE Qjofgt

At=: KYSTVERKET(2019), p. 389| AtZE HIEIO 2 XX} &b

500

400

300

200

100

0
-100
-200

-300

-400 t : : . :
~600 400 -200 0 200 400

&0 800 1000 1200
At&: KYSTVERKET(2019), p. 38
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AlS HlolE 2 A== 2 Aol F7]9F Sicof mEhA PdYd
A7En. 2|3 darE|sol mEbA ATS Hlole7) B Aol g
HHE A &Rt o714 Fk YlollA olE, Aejske Adke A7
7] §18f 4kt oi3e] AdHt P do= shH, d|IA, A, SAR Aldt
O AER st Esshe A= AlQlstal E4Rtt. A9 H
Het A9 SUAHS ZoMA near-miss A¥to® AT

S FE TRl FE ¥ Aol A F=EE ol
ght}. AlSyRisk &) 7$- 20154 =2¢o] AtafolA] LAF3E 66
3,163749] = AE AFdt 201395 E 2017970 29 o] Absh
oA G AA FEALY] HEE o]-&5to] (I 3-8)F} Zo| AAst

o

Jok

i
filo
lo

g

¥ 18 =

Sl OfFRl= &2 Feol= Mg WA= Mg
Crude oil tankers 3.6x107° 3.5x107° 5.6x107°
Oil product tankers 3.6x107° 3.5x107° 5.6x107°
Chemical tankers 3.6x107° 3.5x107° 5.6x107°
Gas tankers 3.6x10°¢ 3.5x107° 5.6x107°
Bulk carriers 3.0x10°¢ 2.7Xx107° 58x107°
General cargo ships 3.0x107° 2.7x107° 5.8x107°
Container ships 3.0x107° 2.7x107° 5.8x107°
Ro-Ro ships 3.0x107° 2.7x107° 58x107°
Refrigerated cargo ships 3.0x107° 2.7x107° 5.8x107°
Cruise ships 5.9% 1076 3.5x107° 52x107°
Passenger ships 1.3x10°¢ 1.3%x107° 1.1x107°
Offshore supply ships 1.7%107° 1.0x107* 22x1071
Other service offshore vessels 1.7%107° 1.0x107* 2.2x1071
Other activities 7.2x107° 5.6x107° 14x107*
Fishing vessels 6.1x107° 5.6x107° 1.3x107*

A=: KYSTVERKET(2019), p. 419| A2 2 HIEtO 2 XA} X
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Crude oil tankers

Oil product tankers
Chemical tankers

Gas tankers

Bulk carriers

General cargo ships
Container ships

Ro-Ro ships
Refrigerated cargo ships
Cruise ships

Passenger ships
Offshore supply ships
Other service offshore vessels
Other activities

Fishing vessels

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0003
0.0003
0.0001
0.0001
0.0001
0.0002

nE
re

A
&

S
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0008
0.0008
0.0017
0.0017
0.0017
0.0012

X2 KYSTVERKET(2019), p. 549| X2E HIEIO 2 KAt ZHA
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Al
=

=]
2y

fou

=

J

SHRH/Z
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0014
0.0014
0.0027
0.0027
0.0027
0.0014

3
0.0250
0.0250
0.0250
0.0250
0.0250
0.0250
0.0250
0.0250
0.0250
0.0333
0.0333
0.0250
0.0250
0.0250
0.0455



3

1

3) AlSyRisk QISIE

o5
WE st 9
1

W=} =S o8 6}@1

Y= AISE 7I5Ee

& 43} o] 9
AR, SjopAt

= A} AgEAES ol8sto] ALt lﬂr. A HHE Bt
e (O™ 3-9% gol AlAsteta] AAltet.

R=FxC

(23 3-9) SHYALL A= ZHAS 0[ES 7HA|St

DNV-GL

Home  AISyRisk-2015 05 Norway  Miljurisiko
N

Welcome | Shiptraffic | Accidentfrequoncy | Spill frequency

Accident frequency @

AISy RISK FereT
. —

Al

Al i
N
alle ~
rea (drilldown
A
Hle v
I

201505 201505

d g4z

A&: KYSTVERKET(2019), p. 78

Spilvotume | Fotalty | Gis

......

AlSyRisk

o &£ L

Full screen §%
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4. PARK D &l42)43)44)45)
PARK(The Potential Assessment of Risk) ZE-& gt At

A4S RHFet s s Y B Hdo|t}. o] HE S AUk
FAE o ® Adr 29 Fejet Adl ARt AE =34 Pzt
Aol HZRARE ¥otal, 11 295 HIgo® 95t 44, el
4, IAEAE  Bol  FEESIThA047) v 74 - Volkan
Aydogdu(2013), Nguyen, X.T.(2014)2} Nguyen, X.T.er al(2015)
PARK 2d¥} 92y} et Al AREE= ES HEo] Hlw&
A& §18) gt 2o 283t A3l PARK Zdo] gt 29 FE ¥
ool o H3st Aoz AE3E vl ik

d

PARK 29 SI8=S AN o) ALgHE AX a4t i abeh o
942 FEY 5

H 3-10) PARK 22 QIBE ALt 24

e Q4 o QA
: giiaogesshlp * Crossing situation
- Length . Approaching side
- Width . |n3|de/OutS|d§ harbor
« Career * Speed cgrrelann
 License * Speed difference

. * Distance

* Position

Xt2: Nguyen(2014), p. 62

42) ZEHYL(2011), pp. 162-163.

43) Nguyen(2014), pp. 60-65.

44) Nguyen 2/(2015), pp. 246-252.

45) SH=BHITHEI(2020), p. 7.

46) 4ZEA 2/(2011), pp. 227-233.

47) S{EfQ - Big4=- AZ-4(2012), pp. 91-100.

84



AR YR 845 HFFO.E PARK 2E 4]
o

(@)
g 4HEshe AREAT AL 84 32 o Z

Risk=15.081905+ (7, + T+ L, + W;+ C;+ P;)
+(0.002517L+ Cy+ Sy + Hi/o+ S, —0.0049305, — 0.430710.D)

o714,

7,: 249] A& 94(own ship type factor)

Tr: A9 FE4 Q4 (own ship tonl[GT] factor)
Lr: BA49] o] Q4(own ship length factor)
Wi 249 £ Q@4 (own ship width factor)

Cr: BA Aake-3kx19] M3 Q4 (own ship operator's license

factor)

Pri BA A9 AF Q4 (own ship operator's position factor)
L: EFA9] HAH(target ship’s LOAIm])

Cr: BFA9] 29 = Q4 (approaching crossing factor of target
ship)

S BHAY] 93 HE 3 A(approaching side factor of target
ship)

Hilo: FHY Q4(in/out harbor factor of own ship)

Sp: Adh 7+ &3 9 A(speedlkt] factor between ships)
Sy: Adr 7k £ ZJo|(speedlkt] difference between ships);

—

D: Ak 7+ AZ(distance between ships[NM])
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(d8 3-10) PARK 2 23z A4t 24

“Type factor> <Length factor> <Width factor

Fishing vessel -0.072820 70 m ©gF | -1.065590 10 m =g 0.500588
Container ship -0.335320 70-90 m | -2.487910 10-15 m 0025510
Pure car carrier -0.031670 90-108 m | -0.533020 1520 m | 0210388
Tanker -0.082580 108-123 m | -0.142000 2025 m | -0.289200
LNGLPG carrier 0.315834 123-140 m | -0.091250 2530 m | 0360838
Passenger ship -1.597980 140-160 m 0.754828 30-35 m 0.099304
Towing vessel -0.116340 160-185 m | -0 499360 3540 m 0.343936
Other cargo ship |  0.000000 185273 m | -0.977940 4045 m | 0046159
_ 223243 m | 0562870 | | 40 m °lW | 0289570

“Type factor=>

500 ton @G| 0.634636 243259 m [ 0.046498
300-1,000 ton | 0229980 259277 m 0.700714 )
“License factor>
1,000-3.000 ton 2.180813 277 m o]+ | 0240550 e 0177637
3,000-5,000 ton | -0.093240 AT 0.109177
e B i
. - : <Career factor=
3,000-7,000 tom | -0.345600 M3z 0245109
- 14 =g -0.104830 g -
7,000-10,000 ton | -0.765630
-39 0332
10,000-15,000 ton | 0126220 -3 0332360
3-5d 0064230 o
15,000-20,000 ton | -0.131530 ~Side factor>
5 oy 0136730 3 005
20,000-25,000 ton 0217815 I T 0.036600
#H 0.000000
25.000-30,000 ton | -0.145330 ) . t
“Crossing factor>
30,000-50,000 ton | -0.656140 CR45 0.468465
50.000-60,000 ton 0.063690 CRO0 0.500211 “Speed factor
60,000-75,000 ton | -0.381260 CR135 0.660194 05 =18 0120378
73,000-100,000 ton 0.313252 HO 0.6269023 05 < TS -0.056320
100,000 ton o] (0.000000 08 = TS 0.000000
<In/Out harbor factor=
<Posttion factor> ﬁaLLH 0.062305
43 0.184283 3] 0.000000
15 &sf At 0.176753
15 ahsj AL 0.296052
3T WEAH 0.075180

Xt=: Nguyen(2014), p. 63
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A4S B9l At s ABke] HPHLOA: Length Overall), A
gk 710l 83 7 A=(CPA: Closest Point of Approach), 83
7] 28 %= AZHTCPA: Time to CPA)OY| W& 2AH A=} vl
Sto], & # T RS FPEE ARERITH4®) PARK HE9] 9 Hel=
1~72 1~32 bdsittar AEE A%, 3~5& A E fdsHA e
U2 A, 5 ol AFET Ager FrEste] wHgith49)

(O3 3-11) PARK 22 Q[E =H IHEZA

LOA <= 50 100 < LOA <= 200
15 15
E 10 & g 10
:g:' 5 6 g 5
: Il ;
0.03 006 011 0.6
CPA (nms) CPA (nms)
50 < LOA <= 100 200 < LOA
15 N 15
§ 10 5 _2; 10 5
3-: 5 6 g. 5 6
- Il - Il
0.1 0.2 0.3 0.5 0.3 0.5 1.1 1.6
CPA (nms) CPA (nms)
Xt=: 0]H7](2018), p. 32

48) Nguyen(2014), p. 64., X{21=: 0|E7|(2018), p. 32.
49) BHA2I(2020), p. 17.
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5. CoRl E&50)51)52)

Collision RIsk(CoRI) H& AuF =H|Q153)54-g 7|Wto & siidu-g-at
AAZE s ol A ArE 29432 JIAISkE S5 AdEE H7stke 2E

A1e[head-on], & A [Crossmg] Z9 A lovertaking])oll @t 7]
A A4 9] S= APEE FHo=2 Yehd X|eoltt

)
o
[r
N,
rr

o

asech(d9)7 if 0< 9?
R.,,(0)=| bsech(e (0 —)), else

csech(f (0—27)), else %é 0 <2m

50) Yoo & Lee(2019), pp. 1-13.

51) ORI - £4=2(2018), pp. 25~30.

52) 0|24 - &x42(2017), pp. 93~102.

53) Fuijii & Tanaka(1971), pp. 543-552.

54) Szlapczynski & Szlapczynska(2017), pp. 277-289.
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o714,

R, (0): RFZE 1A
aiv 9]': }I\j_l‘ﬂ:ll— Za]'ql %qﬁgg[rad]
a,b, ¢t A= AAn|o] o gL A

d.e f1 919 A= ;e 71271 A

(O8 3-12) M4 2220 ME K|S

0

B0

270 a0

240 120

210

180

At2: Yoo & Lee(2019)

(2) Meh ZE7A20 TE A¥E

Ak 7E AR w2 HHE 4,k F A o) A Erelg

1=

THZ(CPA: Closest Point of Approach) A2 o]ssto] Al =H|Ql
D9} Aol 23 A g Y= AR £, 5 ARESH 714 o



A =7k AUA jo 29 AUES Hon Uehd Agoltt

A; ;= R (f)+ Ry (f;)

R (f; ;) =sech(g-fi ;)
A

o= Dgp

S

o] 7] A,
DCPA: Hd Z8AZ(Distance to the Closest Point of Approach)

R (f; ;) AdEF 4,59 28 HdAs

g: 71=71 Ax

r

(3) A8t HIAIO| M2 B
2 9RlE 7, HF A, A 5 5o A
; A

i) 1
AL TSR 2+ 20lo] FB71A| dob QI off Azt mAlE 3R
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T3 ROt VISOY AP =(risk attitude)oll TWE F= A=
CoRI(RI) 32 F7TITt.

Pmax 1= exp(— — RI
1—exp(—p) Y PRI

max

CoRI(RI) =

)

o714,

Pt FE SUE Hogh
pi VISO SIRENE(p <01 B3, p=0: 5, p> 0! 44
AL, STEAS HAE

6. AJAMH

HEAQ] AutEE s HE2 jRE 29A e Aok, of
A, FLAZE, CPA 59 820 AREst] & AFEE =513t
5] H-8ol= W2 REEE gEXN 29049 o|A A, HIAITH

TE 3SE J¥x mdoi FH 9oz AREESICh IWRAPZ
AlSyRisk9] 4% 24 7|02 HURPAg9S Ao, Aukel obd
Fqo] thE Ado] IWT SFE ol8slo FE FHIAS EESIH
I91 EEEH SR 294, AFEHE AXE SE0HEES 4

fo Jm
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83l HF 99 ABVE=S =29t oV14 FEAVAELS =38
$HFo| FEL olold HEL sl OE 2OYYAR B
SAE glon, 2t si5ie) ARl olgehH AAE SBE Uk IWRAPY]

3% Sg9) GOINNT B A5 S AASH: whEo] AlSyRiski 515]
{2 A5 Bl A Bl AXHE Aol Sl 359 4%
=2 ol A= Bk Su

ES 293} PARK RE2 EA3; of 2 Auto] 297wl o]AA7] 52
of At 2 Wz A3 APEE Sttt IBER B3] ¢

Yok 2t Mg FA0E JUES £5F 4 Uk Ao

ZF Ak FA2R AAEE AXSH] hiie] Ao 3

A|m
oX
o,

-
ofl
o
1z
19
40 Lt

e}

Hr s #AT 4 ek THH PARK 2E2 9-2juet Aukeaate] 4Rz
e B8 14 aa(dsSHE, AT SE Ao HEEE =2 5

CoRI B2 gt} SAREHAAY] HERALE Bofl 7idd 2d
2 9L Aok TAA ﬂrxu AE=E HAY 4 Y= Bdojtt. A
P9, 017%171E1 CPA 52 TAAL #H9 WeoH ES HE
PARK ZdZo] AMupd= Hd&— T=EY S Atk

(E3-11)2 %9 35 JUE 599 72§52 0REAY Holok
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st —E«ﬂ‘ﬂo]ﬁ}(Green & Rao, 1971) 55 Green & Srinivasan(1978)&
ZAZXRIE B4E Aojd tE £49] =502 o]Folx fieke] ks &
|29 P75 & uf A Ak JLZRE FH5H= B4

2 ATONE S REe] 9FL HAE A4 FEOR ofF
A A28 AERAA AAIe] ALY B AR A
.z 3 Artel ool wet Bk 9
e oA W Akl oA 247 HE FRE 2ol &
uEhE L UIALAE FASIA Sk ol sto] E AT
k. 449 AZQIE WAL 2 L4
¥ Al 02 SEAE Brstel A

o
= g vAE 48 lT‘——Er 7Pil—§— Fshe Aotk a3 A=Y

[
o
A

o >~

ir AL pol ZEE £43=1, ....)
g AU e rofl ZgE £46)9 F=(5=1,....))

55) Green & Rao(1971), pp. 355-363.
56) Green & Srinivasan(1978), pp. 103-123.
57) Z42(2016), p. 12.
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o SR k9 B HEA mdolA AWk

Bywt SRR kO SAE $E1)Y AAARER 7H)
X, SR koA AAE AUEL n9] S44E ()
Y SHA koA AAE AlUE]L h9] H¥E

e SHA k9] Ak 24 A N(0,01)E 7H

2) ALl 473

= 2 =
) ofetonl, S} Suelor ol B ol Telnz A
sroje mEne FAY,

2 A7 ZRdg 0] A $42 ARE Bivd 24
2 5o maE 24T, 02 A 2 o472, S ekt 1
T OlE &4 $ES 2R A9 IR 4, DAL 4T
97, IR, T, FUR, FYoke YR FRAYL, 014
Al 0,501, 1919, 2etAE 9t 29BAL) A% APL Hef o]
AADE 291U £ olft 85 A A 20U e TR
Aolhs9) Teln e A9 £2g 71202 EpAgl &2 Aol 2
2, W1, LYo TRIAYC (F 3-12)% ARIUE RS AT 3E
A} S43 1 528 Yehit

58) 21495(2018), pp. 131~154.
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(B 3-12) ZIZQIE BMS 95t B35 Y3z 24 L 47
&4 7
DXl A%
Y23
T
B WRISH= 4% o
ST
FHste 4
0.5NM
B 1.0NM
2.0NM
7EF9
%2 S
EE_I
INE=HPSIN RSS!

3 AHSE Y 442 Al 7HAeIH, £4d0] 2+ 67, 370, 371=
BE ST +EZ o1&t F 547M(6x3 %372 AU 7t /T
SHARE FAH o7 SHA} 547 AU Qo] R SHEEE = ofEeH,
B9l &3o] Ld A= o] 4HsHA g= 59 284 24
Aerg o] st A AU E AT (F 3-13)2
A Zleoln], 244, o|AAHER B 7 &9

96

T AUElE AAst

prd
b

o
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2 Ne AR E dde=
20219 8¢ 11€5E 8¢ 182714 231z sttt d2Ae Al
Ueleds A2 g Lrle fEES 17E 7RIS b 1~
% 99 7) FNEE 5. HF SHAE F 10270]0eH, 997
o] +1 HlolHE ARSI

(I 314y 4% 399 Fuolt. AFoz 1y |
O % 53.5% AX|5k 7V wol SEHGLh. B3] A4, 153t
TR0 AL 66Holn, SA AT WRS 7.690% 5 Aeo] B
o Mg Aol HelES stof Aupt @A glo] oS §
=3,

= SH =) HIE(%)

MY 13 13.1

Xz 1S &AL 53 53.5
PASEIEIING 26 26.3

IS AL 7 7.1

34 0|5t 28 28.3

3~5i 26 26.3

SMEH 5~74 15 15.2
7~9u 6 6.1

104 O|A 24 24.2

INERPSINEX

99



AR Wzgko] Aol wel Kolzk QA Bls] gistel £
B TERE Stk ol g AR Ago] det SE o
glol Zjol7t Qirk 2 Aggom, gurtae Al uet dE Frak

TE4 A7 et 42719 Ao % 39
Ao Atelet Aol wet ST Bl Molrt FAZOR fou]
314 gtk %, The) Akl ool SHE ghe A Aueigitks
Aolch. Zeivt Autele 33(ARelA wEske A%, 0,501, BAIY &
2o] L), Alke]0. 37(AHCIA nisks A3, 201, 58 22), A
asz 388N U A5, 20k, EAlo] BHE)e AFuE FAY
o1 §oJulst X om owzm R grol ol Ui Alke]o Aol

A mlsks At g} AU 0R B ] £54FuT B I
Fofcha M&La}aiu} ARoIA trkok Akl 59 EAlo] &2 Hist
of trkol Hute] £uE ALt P ER Fde] B B
Aol o 14%16} Agole} Bk A0 AR Hol7t i AU
Q% YA, hEEY A9 A AYE 2L o]t gon B o

FoAL Aol wet FHAA b BAS AWstA e

O

=

rlr

Q.
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(B 3-15) AlL2|Q0| =8BE TAY 21t

m HEMX}
AlLi2|2 t P
#ig RGN AR RGAE
1 5.985 5.485 1.376 1.603 1.612 | 110
2 5.242 5.424 1.637 1.480 -.537 | 592
3 5712 5.667 1.379 1.339 .156 | .876
4 5.200 4.576 1.438 1.621 1.945 | .0b5
5 4.636 4.242 1.679 1.659 1.105 | .272
6 4742 4.424 1.532 1.621 955 | .342
7 3.818 3.424 1.788 1.659 1.058 | .293
8 3.621 3.188 1.643 1.615 1.232 | .221
9 3.212 3.273 1.622 1.719 -.172 | .864
10 3.154 3.091 1.725 1.809 168 | .867
11 4.106 4.000 1.675 1.803 290 | .773
12 2.462 2.848 1.542 1.603 | -1.159 | .250
13 3.152 3.515 1.666 1.503 -1.057 | .293
14 1.955 2.182 1.408 1.467 -747 | 457
15 2.258 2.697 1.339 1.287 -1.689 | 122
16 5.924 5.606 1.658 1.560 918 | .361
17 5.439 5.273 1.720 1.464 A77 | .635
18 5.970 5.813 1.488 1.306 510 | .611
19 5.318 4.758 1.480 1.786 1.657 | .101
20 4.955 4313 1.553 1.554 1.918 | .058
21 5.076 4.594 1.667 1.434 1.403 | .164
22 4.242 3.576 1.627 1.521 1.963 | .053
23 4.076 3.375 1.712 1.661 1.918 | .058
24 3.773 3.424 1.717 1.521 988 | .326
25 3.636 3.515 1.862 1.873 305 | .761
26 4.091 4.273 1.919 1.842 -.450  .654
27 3.045 3.000 1.731 1.479 129 | .898
28 3.409 3.606 1.682 1.413 -.578 | .565
29 2.318 2.364 1.469 1.388 -.148 | .883
30 2.712 2.939 1.537 1.435 -.709 | .480
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B BEMZ

b

AlLtE|R t P
#XE 2E HE | REKE
31 6.318 5.906 1.338 1.467 1.385 | .169
32 6.333 5.970 1.293 1.380 1.290 | .200
33 6.561 6.000 0.930 1.323 2.180 | .034**
34 5.909 5.364 1.367 1.617 1.759 | .082
35 5.803 5.273 1.327 1.682 1.711 | .090
36 5.970 5.545 1.215 1.660 1.304 | .198
37 4.909 4.242 1.465 1.768 1.990 | .049**
38 4.818 4.061 1.456 1.713 2.299 | .024**
39 4.742 4.156 1.481 1.762 1.725 | .088
40 4.409 4.091 1.392 1.487 1.048 | .297
41 3.818 3.485 1.335 1.503 1.123 | .264
42 3.288 2.909 1.517 1.528 1.168 | .245
** ¢0.05

A= KA ARY

Q5 217}t R 8elo] Y=o 1|
QA BHelsly] gsto] EARE THHL I IR 291} Uy
8219 32 10002 - 82l ol whet &F a2le] Fho] A5z A
AE7] wiZol Wi 820t SHEE TaHS T35k olE fsl AF
7ML gl wet o 9919] Bargro] Ko7t ¥ & AAF o, of
YrHde Aol bt 9raclel Baglel Aolzt Aty 2 st

A& 7FEA7F Aol we Apel 7k

o

(& 3-16)2 EYURE TAF A7HE Uehdch. pglo] 0.768% 0.055.
o} 27 o] FRALS Z125HA] Bsto], Aol whet Y gQlo] B
S Aol Y E 4 SUck F, LRV} AR B AU

of ke WAL i Q1o vl Ago] met thax] gtk oulo]
e E A Y
9o} 7KEXS Rojstat at
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B 3-16) L5 2010 SYRE T3y 21

=] Oo =2
= HZEHER
= = =t . ,
HRE  RYE RS 2K
Q% 0l 57.312 58.437 17811 | 16.917  -.296 = .768

L

Lt AZQIE 24 23}

42789 AUl "R 37k 2]l o8t

(& 3173 2ok A= dFe "iAe 8% F 2ROl
57.66%% 7 E¥2H, o[472(30.99%), tE A 7+ £ Ao
(11.35%) o2 BA=h 7 919 &2 AnEH, 29499 4

O tlFA = A7 884 1.4054% Y=o 7P & JFES vjHon,
ZFoh= e 7P Wdth vEAlE A2 tE Adto] AHH

et Ao g AL o 4A ARFE F= Bumper °l&(Fujii &

1971), 918% B7 =& F ES Z9(Inoue, 2000)7 H]5:3t Ak Ho|
£ Aoz FAgrt

]
e Ll Aos AR §A419] B9 P
3t A2ES 9ok AT, Aol Wt ZE oube
& X5 Hslok 317] whgo] FAT HF B2HS Fhe 4R
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H 3-17) A HAXQIE 2M A
20 A xE S84 & X0|
oYy 0.4959
2554} -1.205
rous s 0.7238 5 6104
el -0.9141
H[ES P 1.4054
ZUsH= A -0.5059
0.5NM 0.775
0|#7z2] 1.0NM 0.096 1.646
2.0NM -0.871
=42 -0.0083
zzjia =MO| 2 2D -0.1273 0.2629
2M0| gl 32 0.1356
(Af 4.136
R-Square 0.337
Adjusted R-Square 0.3356
K= XA A
HAZRIE A4S "o Aul(i)o] e Auf 7F 29449,
g Ao|2 EEHEe APk e AoE HAY 4 QU
R =4136 + E+D+.5
A7|M Ee 29230 BE Asz
SHAYAN 29 A E= 0.4959
SRATHOIN 29 A F= -1.205
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APl 2954 A9 = 09141
slEAE 29 B 14054
39U A9 F= -0.5059

DE olAAe] e Az
0.5NMe] 3¢ D= 0.775
1LONMY] 2 D= 0.096
2.0NM9] 3¢ D= -0.871

Sk 4 Folo] B Asz
BAT} €419 &8o] 7S AL S= -0.0083
EMo] ehAET BlE F9 5= -0.1273
HHo] PR v AL 5= 0.1356

oy,

Ch LS 2010 2IF Q019] 7ISX| =&

b L
At 2k Aejel £ 5 Avka Aok gk S5} geig Qoo 9 @
A2 W L=, 71, ol 2UHY S AdHel Fske FH &
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SEALY] FEAE oA 34 HE Qg tideR Sk
o} AQteldS TAQRIE ™, A2ER(F )0l wet sieH o R EE Y]
A7 E dotr, & Atollxds Joli7t 2 oA S el
7IE0 R FESHT A Wl YRS EAIARI(GICOMS)
glojel7t A== 2018~20209(3W) o= AAsieltt. (O™ 3-13)2
i s} 2018~2020¢ thAt soflA] S SEALE UERT

o
e
St

=

(O3 3-13) CHA 61 2 SEALD 9/X[(2018~20204)

i

A= KA A
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A
T
3t 9] Z7HAIFIH logit (P) 9] BHEo] Bt exp(s,)BHE Z716t= A

2 oulaie, 248 SHRY] S S4k] Aol AgE A4
W9 A% S U SS)EE B7KE ol B ol %
A 1S BRI WEY WY 4k S V1% MR BA ¥WE
of Al ShHE

() SZELR Wy

SPFEARE SN EATAE mEsle] B Yeg 1§ /) AYd
02 BRI olZeh 24 ol £4 o] 4RPER Hs)
7| o] AFAP} 4 HgE quHoR olgY 4 Urks ol 3
o SAEAYRE BF EE 5S = :
2 % Aot 249 Yomrris 24 7o) 4] Bag 39 o

831 ASEHAA, 2016)
UubHoR ONAAUR BAL theut 2L wAS AR

© SAFAAURY G4 B0 BAt 4z o] vt Hg £
23 AATFHS Aol ANBHURE Ao,

C XA QERE 3A T AP0l AL BAYY FEFHE Ad
7HE AATK,

ey Wk olelEa YRR A% S AEo] vE BAA
9 o]8slo] QAAAUEE Hrlsith
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C ST ol RS SN B, oS Bge A
ol B AATE, BTlE BATNE 5

et HE ohe oEguRs) g4HEt

A UF = U 2E o]F1 9loH ‘mit(node) 2 74484
& o]RofA it} BeniolA oL 3t FHHE Tt 4L ffH0E #
d 7hsoh AR OE Euidr 22 £7E WE S5 JAT 72 Eui
= AR OE ZA wet EF7F sl Q/\Pﬂﬂ‘/}—?ﬂ JHL £
F o] YFFEE HAH7| fiiol] ZHS ols
A}5218 Hioto] Qolaith, HhE ThP o ol
2 o] wiizo] BAR BoAe 57 HAE S %l‘:’r.

i
o
tlo
9 4
o
X
>,
ON
ol
o,
Ir
kv
2,

Q) HHERYAE

HHZHAEE Breiman(2001)°] AT 2 7S] 4
3| 7Rt 7ol o] 7I¥2 Foixl AA&E ol8ste] o 7Y dIS
2YS TEAl olE StHE 295t 2F XIS =EUT. oA T o
Bl 5 TE0] A LS EEche Aot 2AHEA
U A4 Al BE HeE ARSSHA] AL, AR BieE AEe] 42
o
3

[¢]

J

o 549 AEAURI AdE. B ER AT 3t A3
o] ‘%OPXM A% FePde gt J19F S SAREA R H

52 Holui, glofE ol Y= ool & nlzdstaL 5
o] JﬂrE}U]Ei(Hyper parameter) 30| ¥ol A ofrfal LA 9l
THSebastian & Vahid, 2019).60

WHZHAE B2 Bagging = 3T Baggings &8 H
o|E|9] REALS &8s, FEATOE JAEYURE A3t &,

60) Sebastian & Vahid (2019)
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61) Breiman(2001), pp. 5-32.
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(1) 2XAE 2IH2M 21

SAAE SRS R T2 WAIE PackageS ol-gslo] HAls}
o0, G 3-19)k ZAAE ALY ANE Uehict, THRYS 9

S G 31809 AR 3 §9 45 5% FI5H] e (el
RHZA, 150, 2AAYTY, 71, UBF FHE A

H 3-19) ZX|AE 3|HEM Z1t
Estimate exp(x) Std.Error | p-value

(Intercept) -3.400 0.033 0.377 | 0.000%***

SIS 2UEI=(10,000%) 0.112 1.119 0.011 | 0.000***
015__,5,1 |71ZHA0) -0.357 0.700 0.234 | 0.127

E12H100E) 0.017 1.017 0.007 | 0.017**

C.’_UHOE'—T— 0.041 1.042 0.016 | 0.012**

VTS 79 0.776 2173 0.174 | 0.000%***

LAY 0.561 1.753 0.139 | 0.000%***

SHQFOLRI A} ) -0.680 0.506 0.239 | 0.004**
74 = -0.285 0.752 0.180 | 0.113

ClE: S8t oIx -0.533 0.587 0.215 | 0.013**

e s -0.700 0.496 0.296 | 0.018**
O1E: =) 2 -0.270 0.764 0.256 | 0.293

A2 -0.512 0.599 0.232 | 0.027**

+==2(T) 0.053 1.055 0.019 | 0.007***

5 (0.01, * p{ 0.05
ISR
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HFH0R HAUE, ofFFA/RKLA, oFF, R, VIS
29, P, 7, AE WEE olglel Lol BLS E3sle

m(z) = (1+exp(— (— 3.4+ 0.112F, — 0.357 5+ 0.017F,
+0.041 F. 4+ 0.776 F}, +0.561 Fpppo — 0.68F, ,— 0.285F
—0.533F,;—0.7F 43— 0.27Fy,— 0.512F .+ 0.053F,))) !

o714, Fi s9EHE(100,000%/1€)
Fs o18ax717HLA )
Fi: 21¥=K1008)
Fr B7F QUL
Fy: VTS 9
Fri SAE
Fup SSRPAATY (54D
Fai SIEPAATE F(ER)

il

Fss AE(E)
Fsi AE(R)
Fswi AA(AE)
F a2(0)

. o =
7IZelE B2 717 vl SEARTE 2 &Ee] 0.74 Wo 2E|3
SHE Vel r SEARE BT SE0] AR 058, F2= 0.75H]
A2 0.58H) Wt AEO 49 &2 7IE€L®E AF2 049, 72



0.76, A& 0.59% SEARE DT &Eo] Yot

gl gl7lalo] o3 A HAES 20% dolHo] A8l Bt
o}, HlAES gojgo] =&H 3ARS F8sle] FEAL T4 EEo
50% oVde] B9-E YA LR Ttk (E 3-2002 2A2H 3
& o83t TEWYo|t} HAES Tojet FEAT T4 438

4. 100d0w F4s0] Sie st B Held & SR
& 5] % vl&E 83.3%0Ick. 121 %

9L 22.5%, VI B9 F TR

A
O]y s
o O] k4l 427 79
B 2 1 23
Z MO T7|E2 EE 0.62 Hyst
Xf=: KK &b

(2) SMBFHUT 24 Z63)

QAHAAUT 42 R =199 party PackageE ©]-&sto] £45)
RoH, (¥ 3-15= JAEAUFE &8 B4 208 13z ¢
Etdl Zlolth. AP URTE ol8oto] Ui 7HA] AlolAE EESIT 1
% AL} 25.8 olie] AL SEALI} S B50] 0.5 o4}
19, GAHE7T 10.199} 25.8 Ato]9] HLol = FA1A Lo L of
+ T 2E0] 0.5 olFeE BAHI

[¢]

63) Package ‘party’(2021)(ZA4: 2021. 8. 23)
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¥H SRS} 10.19 of5 T AGn 29 WHTY 59 27
o8 Blge tEAW, BE 05 ot BREL 02 BNt 5
AR BOAE DY} ol e FAY §RIt FEA

T oiRE AP MY FaT 2k

3 4 il

(J8 3-15) YAMBZUR 24 2t

Density
p <0.001

<10.193 >10.193

{o}
Density Density
p <0.001 p=0.026

<3.268 >3.268 <25.826 >25.826

{6}
Season fishingfocus farm
p = 0.006 p=003 p=0.047

3 {1,2,4) <0 >{ <0

Node 4 (n = 228) Node 5 (n = 779) Node 7 (n = 257) Node 8 (n = 612) Node 11 (n = 61) Node 12 (n = 158) Node 13 (n = 65)

19 ° 1 ° 19 ° 19 ° 19 19 19

08 - 0.8 08 0.8 - 0.8 - 08 0.8

06 06 06 06 - 06 - 06 06

04 04 04 04 04 - 04 04 -

02 + 02 02 4 02 02 - 02 + 0.2

04 — 04 — 04 — 04 — 0 0 0
PN=RPSIN TSN

g go) 0% ArE HA % tlolelof 285
T AR mHO] oS HEi BAES 20% FlolH] 285

.
of Zlslith BIAES BlolHo] E&E SXAAUE TS 2 §slo]
SSAT WA o] 50% olAe] A AT W0 Rt (B
3212 AR BES o] gT TEFHol HAES HolHi
SEAT O 4387, WA 102702 4Eo] Qo HEE A
gole & A7t u]ﬂ yt %Tﬂ y
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(H 3-21) AMBZYLIR R2S 0|82 S=YE

A
Dluarg{ HEAH
o O] 416 68
B EIY 22 34

=

AHEHYAE BH2 R 774 O] randomForest PackageE ]—9-
of EA5It. =EE UE 7S Hoke Hae 3, UFe e
20071= package 7|23 ARSIl HAYXHAES] 9 tpefet «]
AEAURE o]&5lA Hdo] =E%7] wwo HE &A|9] s ofH
o e SR WY 9FES FaEE e mehd & ot

(B 3-22)= HHEHAEC] AREEH W9 FREE Uehdth
MDG(Mean Decrease Gini)= H9] E/40] 2d £/ E-TE ¢
iy A2AA7|EAE € 5 e A#®o|th HhA ] sl YT 7HA
7F Weizke o 25771 2Ed Eekrt 3A Fashs Aol ojdf i
Zo] A AL MDGE € 4= Qtt. I8E2E MDGZF AAH, 5 Ao
o] & HEE Z?F’Q —’F At #W9] 33T U =T} 71

(B 3-22) HEZHAEQN AFEE Ha: 2
b MDG
HAURE 143.76

64) Package ‘randomForest’ (2018)(ZAY: 2021. 8. 23)

117



HA MDG

ofzz 90.15

=2 52.7

7|2 51.57

2mz 24 47.71

Folmt? 3m 0f4f 39.77

=i 33.98

RO/} 5m 0[4} 30.10

orHYS 29,61
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65) Package ‘nueralnet’ (2019)(ZAA4: 2021. 8. 23)
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66) Garson(1991), pp. 46-51.
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B S5AL vEAY 4384, 24 102422 +
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5 801 9% 2012 o|§% AT FE UL RIS oi 8919
Vex) 9L iR 99 B/ 2 o) o= the] Alst go] 5

R, = <= w7
J
R = A9@)7F sG)lA 2 SE 99 bt

F9E WY A E JPEES oy
W A WEE ekl 7R
8 theat o] E2Ec,

W, = [W,, W;]=[0.5761, 0.4238]

) ¢ J

R g AREANE

i

R, = A7) e Hetat 29 4] AUEE SUES ojmlsie, ofehel
A3 gk HNSE SRUEE 119N TSR] Wz
A At 29BAC 9 W L glo] EEE. Al 297 FHHA

P AFL ANFE JUES S P

m

R =4.136+E+D+S

oj7]A E= 2eZA40] WE A
LAY M 2Poh= B E= 0.4959
AT 2ol FF E= -1.205
FAGoA 2-ol= BF E= 0.7238
FATIo|M 2Pol= B¢ E= -0.9141
22 HAL E= 1.4054
2Q31= Ao F= -0.5059
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De olaAzd e Ae=
0.5NM¢| B¢ D= 0.775
1.0NM9] 3% D= 0.096
2.0NM9} 35 D= -0.871

St 49 Folo] w2 ALz
2413} gAle) o] 2 7
Bo] ATt ulE A9
o] EpiluTh L B9

¥ 5= -0.0083
S= -0.1273
5= 0.1356

Rz S7()2 ASHAR] AdtsE A SES 2uistH, A Al

3 FEA TR 2d S APEYAER =EH RS ARSIt
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AIS GIOJEIS 23 S QIT5H
SHAES O WY XS

2 FolMe e 1S 2ok Aok Ak ARIE 248k 30IAM =
=8 LA B7F REL o183t wEuE Al F M B
=]

T AT S g A AXE EEshaAr ettt Al

HNE uS 20F #el Xk At
1. E2WE

T2 LAS weh REAT A58 245, AdE s (55 A

o LrERi= Aolch6n

67) d&= 2(2020), p. 69.
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A uEts 201597 T2 ST ZEATYRE} A
B, 32 99 dHlolH 242 B8 =29 AEkE ¢Fe ¢

P EAAH S 29 Folot. HlFo|EE WAL DB $44 &
I ABEE A8, 9T 8 2 e
o Wavt m2 Hdﬁoﬂ HAE GRS
AL vioR BAskT gk, T ¢ 5 9 /9 2
SREE oA o} AEE ehit, JHE F2ou, 3
B9 o= TEst] 4BAQH, 79, 9Y, 4D AZsL Ilck.e

)
)
(o)
d
5
)
S,
2
i
o
N
>‘|
oE

T 4-1) B2 QYT K|S AS MR} 2 HA0| XK K9

o
=171 o

EE%’-l@EXl-J,E =10 EE?'l@EBasie X XWeather X XTrafficx XTime

10 MEE = Z2AYE X% 240] HO{ ALZL0 108 Sot0 X|a= M
23 BIRIZOIm)Y AL AT Qas YRz RIs
(AL 742 x ARMRE S x ARAL 5._*._71| *)
i'Cl?'l%l:-‘lEBasu —_I'L_E‘ )‘I'EIDU:I' g)é }"Jlk' 7:’AI-II' _‘?I_AOI-AI_IJ_,_
*APRE A 4
(auig ey | 10000 | 01168 00068 | 0.0083
Xiveather 71 2TAN(HS, L2, 24, 20H)
XT'raffi(: —)‘\—%)é}‘% %\_g‘)ﬂ%\_(%%, Xﬁ'", ngi'")
X Zime ZOFAIZ I = A (351, OFZh)

A2 T2 ESTHHMY: 2021. 5. 26)

(E 4-2)014 Hshe Qapdo] ASghe A4 AL Aot AXZH
7} wizo] e TutoR BAfslo] 5%}4%6%

68) T2uSSTHHMY: 2021. 5. 26)
69) €= 2/(2020), p. 71.
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AIS HIOJES 2835t 2AIS OIZF NS OFY TleY Xg 04

(B 4-2) T2Q3YE JeH|+ == ALt

C2 | = ArS 7| A|ZtCH
TE TR Y8 XM A ¥S 4 A o FZt | ORt
A21t 1,050 0997  1.053
~ | HA 1147 0994 0.999 1,000
o | M 1,000 1,000 1,000
25 ey 1145 0921 0.902
=3t 1,033 0973 0.958 1,036
A1t 1,023 1,037
HA 1.026 1,029
e 1,000 1.000 1.00
™ 1,027 1,065
st=3f 1,026 1,051
A27t 1.019 0.994 1,045
A | HIA 0.990 1,074 0.975
J 1,000 1,000 1,000 1.000
L= Y 0.993 1,000 1.075
=3 1,035 1,043 1,051
A7t 1,005 1.005 1,038
0 HA 1,024 1.024 1,039
1,000 1,000 1.000
AL ey 0.994 0.994 1.029
=3 0.995 0.997 1,034

A= E2UESTHAM: 2021. 5. 26)

Gt 4-1)9 E2AFEAF A EAF RS & FHT 237he] =27

o A835}0] A ﬁaﬂa} 15th%, 50th%, 85th% ¥t 52 AEsl =&
A= 1~4HA H7F FEE (E 4-3)3T o] Ayt 2 =2 99
T 552 A9 B4 Eﬁ} =2 {3 wgt o 7ES H8otd 4
WA I A9 BT T2 {3 B4 MEHEE SF3irt70)

=

70) H&Z 21(2020), p. 71.
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H4-3) C2YST B HEYA

AT Tt A

R 2 3 .
Green(2tH) | Yellow(F2]) Orange($/&) | Red(®Z)
BN .

S8t (3 (7 (12 Y12
aamc :ﬁ 3 (5 (10 > 10
EHA| (3 (5 (7 >7

3= (3 (7 10 > 10

SEXL (8 (20 (27 y27
quime | (5 (7 (20 )20
Bl (5 (7 (20 » 20

3=t (6 (15 (20 20

587} (7 (13 (25 )25

xjate HA (3 (7 (15 »15
EHA| (3 (7 (15 Y15

3=t (7 10 (15 > 15

SEXL (7 10 (17 »17

J0 A :ﬁ 7 (9 (14 )14
EHA| (7 (9 (14 > 14

=1 =N (7 10 (15 > 15

SEXL (7 (12 (20 » 20

X|et HA (5 (8 (15 Y15
A=A N (5 (8 (15 > 15
3=t (7 10 (16 > 16

SEXL (5 <10 (20 20

501z HA (3 (7 (17 Y17
A4 EA| (3 (10 (17 Y17
3= (3 (7 (15 > 15

Nz ERUSSHEMY: 2021. 5. 26)
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71) LH- 254(2006), p. 36.
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