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Abstract : The Korea Coast Guard evaluates the risk of major coastal activity places to prevent coastal accidents,
and patrols and manages them based on that, but it is not responding properly to the continuously increasing num-
ber of coastal accidents. The reason for this is that, despite the gradual expansion of coastal activity places, there
is a lack of manpower to manage and supervise them, resulting in blind spots in coastal accident safety manage-
ment. Therefore, in order to solve this problem, it is necessary to prepare more efficient and effective measures
that check and supplement the current coastal safety management system. Coastal accidents show different charac-
teristics of accident causes and places due to differences in the activity characteristics of users according to time.
As a result of analyzing coastal accident data (2017~2021), the frequency of daytime accidents is high in the case
of sea rock, beach, and offshore, where family leisure activities are frequent. In the case of wharf, tidal flat and
bridge, where accidents due to drinking, disorientation, and suicide mainly occur, the frequency of accidents at
night is high. In addition, there were more accidents on weekends when the number of users increased compared
to weekdays. This trend indicates that the user's temporal activity characteristics must be reflected in the risk
assessment of coastal activity places. Therefore, in this study, based on the case of coastal accidents, the character-
istics of accidents at coastal activity places according to time were identified, and the criteria were presented for
risk evaluation by grading them. It is expected that it will be possible to lay the foundation for reducing coastal
accidents by efficiently managing and supervising coastal activity places over time using the presented evaluation
criteria.

Keywords : coastal accident, accident classification criteria, accident places, types and causes, time-based risk
assessment
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Table 1. Coastal accident-place classification criteria

> I~
HPA - ps) - ke
Division

Wharf Sea rock Waterfront Beach

Breakwater ~ Tidal flat ~ Offshore Uninhabited island Bridge

Others

Table 2. Coastal accident-types classification criteria

Division 1 Division 2 Division 3 Symbol Meaning
Lelsurfe SSL Submersion in surface during unproductive activities
Surface submersion
type I ial . . . L
ndustrl.a SSI Submersion in surface during productive activities
submersion
Le1sur? SUL Submersion in underwater during unproductive activities
Underwater  Submersion
. type i . . . L
Submersion P Industr{al SUI Submersion in underwater during productive activities
submersion
Falling . . .
; SGF Accidents falling from high places(except surface and underwater) to sea
submersion
General Isolatefi SGI Accident that is isolated by tidal differences and falls into the sea
type submersion
Others SGO Accidents except for falling isolation
submersion
f . o . .
Sltl;pice Drift NSD Drifting accidents that require rescue
Non- Falling NGF Accident that fell from a high place but did not fall into the sea
submersion General Isolation NGI Accidents that are isolated by seawater and require rescue
type -
Others non NGO Non-submersion accident except falling and isolation
submersion

Table 3. Coastal accident-causes classification criteria

Division 1 Division 2 Symbol
Bad weather NBW
Natural Tide unawareness NTU
causes Tidal current unawareness NCU
Wave NWV
Safety violation HSV
Lack of swimming skills HSS
Drinking HDR
Human Disease HDS
causes Suicide, suicide attempt, self-injury HSC
Carelessness HCR
Disorientation HDO
Careless driving HCD
Offshore-coastal structures and obstacle OST
Other Lo . .
causes Ship-leisure equipment failure OSF
Others (unexplained accidents) 00T
I BAE 7RO ) AR 3 W SAS okt 7] 2019\ Afo] 7S Holot sz unto]2]A(COVID-19)
ol wheh A ST o] ko o7k 197F AHAsgE 2020~2021d 0= A
=l AMrbas F 3,985710] HAErlom, F AlaL 2l ok FAE E3ATHFig. 1).
A2 5,831 O F o] F 4,60750] TE2H UL} 658H0] A A AL WASS AR, 1, A7, THA
$EE 2 0% UEpTE, A%t ARl 9= 7977, At A oS wdshal Al SHAMEYEEE 18k S5l 7
S o 1320 Ak g A% o) AREA VI e 125619] Al akgelel b Al 319t 2
& 16.5%0Ith A AL WA A5 W ARRR S 2017~ AIShaL glow, A AR dashe AT el 2
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Fig. 1. Coastal accidents and fatalities in the last 5 years (Coastal
accident statistics of Korea Coast Guard, 2017~2021).
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Table 4. Accident and fatalities status by region of each coast guard in the last 5 years

Region Accidents Fatalities Fatality rate (%)
(a) (b) (c)=(a)/(b)
Total 3,985 658 16.5
Central Incheon, Pyeongtaek, Boryeong, Taean 1,256 (31.5) 115 17.5) 9.2
West Gunsan, Buan, Mokpo, Wando, Yeosu 771 (19.3) 141 (21.4) 18.3
East Sokcho, Donghae, Uljin, Pohang 561 (14.1) 139 (21.1) 24.8
South Tongyeong, Changwon, Busan, Ulsan 889 (22.3) 167 (25.4) 18.8
Jeju Jeju, Seogwipo 508 12.7) 96 (14.6) 18.9
(): Ratio of accidents and fatalities for each region of Coastal Guard to the total (%)
200 50
- Coastal accidents
= 160 - -0- Fatalities - 40
e "
'S 120 L 30 2
B , =
E 80 - L 20 =
7 9 N =
g 40 | ety ] 4l L 10
= Tl i 8l
o INNNNNE § \I§ . L o
01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11 01 03 05 07 09 11
2017 2018 2019 2020 2021
Fig. 2. Monthly coastal accidents and fatalities in the last 5 years.
Table 5. Yearly statistics of coastal accidents and fatalities by seasons
Accidents Fatalities
Year Total
Spring Summer Autumn Winter Total Spring Summer Autumn Winter
2017 693 149 280 169 95 114 22 52 27 13
(21.5) (40.4) (24.4) (13.7) (19.3) (45.6) (23.7) (11.4)
2018 753 153 298 215 87 120 21 55 27 17
(20.3) (39.6) (28.6) (11.6) (17.5) (45.8) (22.5) (14.2)
2019 936 172 365 257 142 158 23 71 45 19
(18.4) (39.0) (27.5) (15.2) (14.6) (44.9) (28.5) (12.0)
2020 886 177 306 267 136 157 33 52 44 28
(20.0) (34.5) (30.1) (15.3) (21.0) (33.1) (28.0) (17.8)
2021 717 160 247 211 99 109 30 40 30 9
(22.3) (34.4) (29.4) (13.8) (27.5) (36.7) (27.5) 8.3)
Av 797 162.2 299.2 223.8 112.0 131 25.8 54.0 34.6 17.2
& (20.5) (37.6) (28.0) (13.9) (20.0) (41.2) (26.0) (12.7)

(): Ratio of accidents and fatalities by each season to the total (%)
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Table 6. Coastal accidents by accident places in the last 5 years
Accident place
Catego . _ - - -
gory Wharf Sea Water: Beach Break Tidal Offshore Uminhab1ted Bridge Others
rock front water flat island
Total 871 745 572 543 401 357 218 163 77 38
(21.9) (18.7) (14.4) (13.6) (10.1) 9.0) (5.5) 4.1 (1.9 (1.0)
2017 148 146 83 94 90 38 52 36 2 4
2018 187 138 105 125 57 55 46 28 3 9
2019 198 166 134 118 104 77 48 46 31 14
2020 205 143 124 116 75 97 41 36 39 10
2021 133 152 126 90 75 90 31 17 2 1
Table 7. Statistics of coastal accidents by accident places and each regional coast guard in the last 5 years
. Region of coast guard
Accident places Total -
Central West East South Jeju
Total 3,985 1,256 771 561 889 508
(31.5) (19.3) (14.1) (22.3) (12.7)
Wharf 871 163 248 66 301 93
(21.9) (18.7) (28.5) (7.6) (34.6) (10.7)
Sea rock 745 342 141 43 108 111
(18.7) 45.9) (18.9) (5.8) (14.5) (14.9)
572 142 124 65 152 89
Waterfront (14.4) (24.8) 21.7) (11.4) (26.6) (15.6)
Beach 543 137 54 163 90 99
(13.6) (25.2) 9.9) (30.0) (16.6) (18.2)
Breakwater 401 32 57 154 114 44
(10.1) (8.0) (14.2) (38.4) (284) (11.0)
. 357 278 78 0 1 0
Tidal flat (9.0) (77.9) 21.8) (0.0) 0.3) (0.0)
218 14 26 63 52 63
Offshore (5.5) (6.4) (11.9) (28.9) (23.9) (28.9)
Uninhabited 163 123 26 0 8 6
island “.1 (75.5) (16.0) 0.0) 4.9) GB.7
Bridee 77 19 11 2 44 1
& (1.9 24.7) (14.3) (2.6) (57.1) (1.3)
38 6 6 5 19 2
Others (1.0) (15.8) (15.8) (132) (50.0) (5.3)
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Table 8. Statistics of coastal accidents by accident places and causes
Accident Total Natural causes Human causes Other causes
places NBW NTU NCU NWV HSV HSS HDR HDS HSC HCR HDO HCD OST OSF OOT
1,177(29.5) 2,617(65.7) 191(4.8)
Total 3,985 124 844 55 154 19 227 574 49 278 1174 57 239 25 18 148
G (12 a4 B9 (©5 G7H 144 (12 (70 (295 (b (60 (06) (05 @7
Wharf 871 7 15 2 7 2 8 254 9 62 309 - 151 9 4 32
219 (©8 ((1.7) (02 (@©8 (02 09 @92 (100 7.) (G55 () 173 (1.0 (05 @7
Sea rock 745 14 462 2 40 - 6 16 7 6 174 5 1 4 2 6
(187 (19) (62.0) (03) (4 - ©® @ ©9 (©8 @234 (©7 (@O (©S5 (03 (0.8
Water- 572 12 65 15 26 - 38 105 8 70 153 6 44 3 - 27
front (144) (@21 114 (26) 45 - (66) (184 (14 122) 267 (10) 77 (@©5 ( @&
Beach 543 51 12 22 61 - 167 78 6 42 80 - 6 2 2 14
(136) (949 (22 @1 (112) () @0® (144 1.y (77 q47H () (L) (©4 04 (26
Break- 401 4 6 1 7 17 2 90 1 12 227 - 25 2 - 7
water aon (1.0 15 (©2 (A7 G2 (05 (224 ©02) @O G66) () (62 @©5 @
Tidal 357 21 152 1 1 - - 15 2 6 86 45 9 - 1 18
flat 90 (9 @26 (03) (03 @) - @2 ©6) (1.7) @41 (26) (25 = (©3) G0
Offshore 218 11 1 9 4 - 5 6 11 5 131 - 2 5 6 22
B35 GO @05 @ (1Y (G 23 28 GO @23 ®0.) () 09 (23 (28 (1€0.1
Uninha- 163 4 128 2 8 - 1 1 3 - 9 1 - - 2 4
bited island (4.1) (2.5 (785 (12) (4.9 - @©6) @©6) (18 (0 G5 06 () - (12 @5
Bridge 77 - 1 - - - - 6 2 64 2 - 1 - - 1
9 = d3 6 06 G 6 08 @26 ®&BH 26 (o 13 o 6 13
Others 38 - 2 1 - - - 3 - 11 3 - - - 1 17
1y ¢ 63 26 G 60 79 O @9 79 O © () 26 447)
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Table 9. Statistics of coastal accidents by accident places and types

) Submersion Non-submersion
Accident places Total
SSL SSI SUL SUI SGF SGI SGO NSD NGF NGI NGO
085 2,235(56.1) 1,750(43.9)
Total ’ 349 68 107 8 971 62 595 214 389 1013 134
100.0) (88) (1.7) @7 (1) 44) (1.6) (149) (54) (98) (254) (34
Whart 871 16 6 2 8 598 1 150 3 49 16 2
219)  (1.8) (07) (02) (09 (687 (0.1) (172) (03) (56) (1.8 (2.5
Sea rock 745 5 4 1 - 83 13 20 - 66 533 20
ca roc (187)  (07) (05 (©1) - JAL) (17 @7 -89 (715 @7)
Waterfiont 572 93 8 5 7 123 6 161 32 37 80 20
atertron (144)  (163) (14) (09 (12) (215 (1.0) @81) (56 (65 (140) (3.5
Beach 543 208 6 3 - 8 3 g 162 1 18 16
eac (13.6) (383) (1) (0.6 - (15 (0.6 @17 (98 (02) (33) (9
Breakwa 401 4 - - 1 131 - 23 - 207 19 6
reakwater 101 1.0y - .02 327 - (5 - G4 @) (15)
. 357 3 39 - 2 3 37 16 3 15 198 41
Tidal flat
©.0) (0.8 (109 - (06 (08 (104 45 (0.8 (42) (555) (11.5)
Offhore 218 18 3 94 65 6 - 15 13 - 2 2
(5 (83 (14) @3.1) (298 (28 - (69 (60 - (09 (0.9
Uninhabited 163 2 1 2 ] 4 2 4 1 1 143 3
island @ (12 06 (12 - @25 (12 @5 (06 (06 (877 (18
Brid 77 - - - - 12 - 62 - 1 ] 2
ridee (1.9) . . . - (156) - (805) - A3 - 26
Other 38 - 1 - - 3 - 26 - 2 4 2
ers (1.0) -6 - - 79 - (684 - (53) (105 (5.3)
QAR 5 43.9%010, o] F THALINGIVH 1013(25.4%) @ Abi W} 3eck wapellae] A Akl Ml
WO 7Pg e MER WARL FLNGE), ERNSD),  A¥, Aeelst f30] the Abuel nls) Fslah ekt
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Table 10. Yearly statistics of coastal accidents and fatalities by days of week

Accidents Fatalities
Year Weekday Weekend Weekday Weekend
Total Total

Mon. Tue. Wed. Thu. Fri. Sat. Sun. Mon. Tue. Wed. Thu.  Fri Sat.  Sun.

2017 693 86 73 74 81 69 152 158 114 16 9 11 20 16 20 22
(124) (10.5) (10.7) (A1.7) (10.00 (21.9) (22.8) (14.0) (79 (9.6) (175 (1400 (17.5 (19.3)

2018 753 119 94 89 74 72 168 137 120 19 14 12 17 11 29 18
(15.8) (12.5) (11.8) (9.8) (9.6) (223) (18.2) (15.8) (11.7) (10.0) (142) (92) (242) (15.0)

2019 936 109 117 104 127 117 178 184 158 15 17 17 24 28 29 28
(11.6) (12.5) (11.1) (13.6) (12.5) (19.0) (19.7) (9.5) (10.8) (10.8) (152) (17.7) (184) (17.7)

2020 886 96 109 95 95 114 205 172 157 16 24 18 21 24 31 23
(10.8) (12.3) (10.7) (10.7) (129) (23.1) (19.4) (102) (153) (11.5) (13.4) (153) (19.7) (14.6)

2021 717 83 77 78 75 83 166 155 109 8 12 15 16 13 24 21
(11.6) (10.7) (109) (10.5) (11.6) (23.2) (21.6) (7.3) (11.0) (13.83) (14.7) (11.9) (22.0) (19.3)

Av 797 986 94 88 90.4 91 173.8 1612 131.6 148 152 146 196 184 266 224
& (125 (11.7) (11.0) (113) (113) (21.9) (203) (114) (11.3) (1L1) (150) (13.6) (204) (172)

(): Ratio of accidents and fatalities by each days of week to the total (%)

Table 11. Status of coastal accidents by the days of week and places

Accidents
A;f; ;i:snt Weekday Weekend Ratio of
Mon. Tue. Wed. Thu. Fri. Sat. Sun. Weekend/Weekday
493 470 440 452 455 869 806
Total 1.81
(12.4) (11.8) (11.0) (11.3) (11.4) 21.8) (202)
105 99 128 101 113 167 158
Whart (12.1) (11.4) (14.7) (11.6) (13.0) (19.2) (18.1) 149
86 88 67 74 74 190 166
Sea rock (11.5) (11.8) (9.0) 9.9) 9.9) (25.5) (22.3) 2.29
80 70 74 66 62 114 106
Waterfront (14.0) (122) (12.9) (11.5) (10.8) (19.9) (18.5) 1.56
78 68 46 70 54 126 101
Beach (14.4) (12.5) (8.5) (12.9) (9.9) 232) (18.6) 1.80
55 41 40 44 49 84 88
Breakwater (13.7) (102) (10.0) (11.0) (122) (20.9) 21.9) 1.88
‘ 36 34 33 43 41 84 86
Tidal flat (10.1) 9.5) 92) (12.0) (11.5) (23.5) 4.1) 2.27
19 24 2 26 30 54 43
Offshore (8.7) (11.0) (10.1) (11.9) (13.8) (24.8) (19.7) 2.00
Uninhabited 20 27 16 15 9 34 42 218
island (12.3) (16.6) 9.8) ©9.2) (5.5) (20.9) (25.8) :
. 1 12 9 8 18 10 9
Bridge (14.3) (15.6) (11.7) (10.4) (23.4) (13.0) (11.7) 082
3 7 5 5 5 6 7
Others (7.9) (18.4) (132) (132) (13.2) (15.8) (18.4) 1.30
(): Ratio of accidents and fatalities by each season to the total accidents (%)
&, 71E, FAETF £ 2 T AL v go] W2 Ao FML] f9lo] Tl T7kek= A o] rkal & 4
UERSTE oA HER AvE B o, A6kg], A, FRlE itk $HH wERE 1A aRl ot Apat Al ) R} =
ME T2 A 27 QIR e A1) ol i A I el SAEA| ¢kom, FxF2 Ae- AL D #
2kl B ol elsabA| oo AbAL RIET} 58 AARA, F F H5A 0] o] gt 3 o) gshs aws U 5 A
DAL Hlgo] =2 A1 Sl Aol elsslA] b Q- 7 &9 2|7t A2 Z o7 dArtHE
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Fig. 3. Comparison of weekday/weekend accident ratio by places. Fig. 4. Comparison of daytime/nighttime accident ratio by places.
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Table 12. Daytime/Nighttime coastal accidents and fatalities statistics by year

Accidents Fatalities
Year Daytime Nighttime Daytime Nighttime
Total  Morning Afternoon  Over night Dawn Total Morning Afternoon Over night Dawn
(07h~12h) (13h~18 h  (19h~24h) (01 h~06h) (07h~12h) (13h~18h) (19h~24h) (01 h~06h)
2017 693 158 318 154 63 114 39 48 17 10
(22.8) (45.9) (222) ©.1) (5.6) 6.9) 2.5) (14)
2018 753 191 322 160 80 120 37 49 25 9
254) (42.8) (21.2) (10.6) 4.9 6.5) (33) (1.2)
2019 936 210 380 215 131 158 33 61 38 26
22.4) (40.6) (23.0) (14.0) (3.5) 6.5) 4.1) 2.8)
2020 886 206 330 203 147 157 55 54 23 25
(23.3) (372) (22.9) (16.6) (6.2) 6.1) (2.6) 2.8)
2001 717 165 296 188 68 109 32 39 26 12
(23.0) 41.3) (26.2) 9.5) 4.5) 54 (3.6) (1.7)
A 797 5152 281.8 131.6 89.4 422
\7:3
& (64.6) (35.8) (67.9) (32.1)

(): Ratio of accidents and fatalities by daytime/nighttime to the total (%)
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Table 13. Status of coastal accidents by daytime/nighttime and places

153

Accidents
Accident Daytime Nighttime Ratio of daytime
places Morning Afternoon Over night Dawn /nighttime
(07 h~12 h) (13h~18 h) (19 h~24 h) (01 h~06 h)
Total 930 1646 920 489 1.83
(23.3) (413) 23.1) (12.3)
158 246 274 193 0.87
Wharf (18.1) (282) (31.5) 222)
Sea rock 200 396 110 39 4.00
(26.8) (532) (14.8) (52)
119 233 124 96 1.60
Waterfront (20.8) (40.7) @1.7) (16.8)
Beach 119 318 71 35 4.12
cac (21.9) (58.6) (13.1) (6.4)
Brealowator 93 135 128 45 1.32
W (232) (33.7) (31.9) (11.2)
. 76 87 153 41 0.84
Tidal flat 213) (4.4) (42.9) (11.5)
101 93 21 3 8.08
Offshore (46.3) “2.7) 9.6) (1.4)
Uninhabited 38 107 10 8 8.06
island (233) (65.6) 6.1) 4.9)
Bridec 17 18 21 21 0.83
18 22.1) (23.4) (27.3) (273)
9 13 8 8 138
Others (23.7) (34.2) @1.1) @1.1)
(): Ratio of accidents by places and daytime/nighttime to the total (%)
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Fig. 5. Risk rating on weekdays (Monday to Friday) by accident places.
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Fig. 6. Risk rating on weekends (Saturday, Sunday) by accident places.
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