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ABSTRACT
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In this study, Information for the case of seawater flooding and observation data over a period of 10 years (2009~2018) was collected.
Using machine learning algorithms, the characteristics of the types of seawater flooding and observations by type were classified.
Information for the case of seawater flooding was collected from the reports of the Korea Hydrographic and Oceanographic Agency
(KHOA) and the Korea Land and Geospatial Informatics Corporation. Observation data for ocean and meteorological were collected
from the KHOA and the Korea Meteorological Agency (KMA). The classification of seawater flooding incidence types is largely
categorized into four types, and into 5 development types through combination of 4 types. These types were able to distinguish the
types of seawater flooding according to the marine weather environment. The main characteristics of each was classified into the
following groups: tidal movement, low pressure system, strong wind, and typhoon. Besides, in consideration of the geographical
characteristics of the ocean, the thresholds of ocean factors for seawater flooding by region and type were derived.

Keywords: Seawater flooding, Machine learning, Types of seawater flooding, Thresholds of ocean factors
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Fig. 1. The Maritime Forecast Zones around South Korea.
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Table 1. Number of seawater floodings in the seven regions

Area  Central Yellow Sea Southern Yellow Sea Jeju Strait ~ Southern Jeju  Korea Strait ~ Southern East Sea Central East Sea
Cases 24 23 30 13 65 9 3
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Table 2. Type of observation stations and observed factors

Type of Station Items

Tidal observatory Water level, Ocean temperature, Salinity, Temperature, Pressure, Wind direction, Wind speed

Water current speed, Water current direction, Ocean temperature, Salinity, Wind speed, Wind direction,

Ocean observation Buoy Temperature, Pressure
b

Water level, Significant wave height, Significant wave period, Maximum wave height, Maximum wave

Ocean observato . . . .
vy period, Wind speed, Wind direction, Temperature, Pressure

Water level, Significant wave height, Significant wave period, Maximum wave height, Wave direction,

Marine Science Base L
Water current speed, Water current direction, Ocean temperature, Temperature

Wind speed, Wind direction, Pressure, Humidity, Temperature, Ocean temperature, Maximum wave

Marine Meteorological Buoy height, Significant wave height, Wave height, Wave period, Wave direction

Wind speed, Wind direction, Pressure, Temperature, Ocean temperature, Maximum wave height,

M logical i . . .
eteorological observation Significant wave height, Wave period

Digging Buoy Ocean temperature, Maximum wave height, Significant wave height, Wave height, Wave period

2.2 AUy

2 Aol slieriEt o) 2 o7 1V TS Eeke] AT A4S flol 71 AIekE 2 S8kt ZAISEe U &
oAEEA 1)rl"f—(Decision Tree)et e I AE(Random Forrest), 4] E HE] H4l(Support Vector Machine —J PA g U=
&0l Feoto] Fefsioint. oA U, dliE A AE, AL E HWE m4l0] 72 o] S5l WH o & S, ¢F
7, 1—4'}—%} |5 ThgsiA 2o] 1 Qlet. XA Yot sl e AE O 7 A2 Aol Tt drgelo] o A
E Wg] 1419 749 2ot dlSol tisl Ao AREE 4= Q=7 o] Qlem Aol tigt drg=lo] Holz|=THdo] i
137F] 719 o] A& areste] oA "}—r—@r ﬂh}j HAES S s et IS Hete] i d-S B4 5t A

S EERL DR E PRSI IR L EEEE)
P

2 7 AlskE S

.
[¢] T
o}, 12, Sajete] Qs Gl Fohdel FohEE 2L zﬂuﬂ e 5 9 g aﬂ .
NIk o /A, S 2 fet /19
Fa% WS 2Rgote] 5} uag o] Ak A oPEE Aol 2 1S &4 ik nebd, 2910 2 S nlx o)
27 K71 S 902 L 18 4 Aot 1A ST A A 3% 23k FU e
RPO2 78 A 5 ek 7] HHM), A7IL HIE), v 5

(W), EH% FH(Ty)2l 4 H e ot H127] Al7]of A7]%do] Satstal viete] 7 e uf iAot sia=Hea TPW



G2 Gofetlal thz7] Al7]el A71 o] FstAlR veto] AshA] ¢= 7898 TP 9 2.2 ti27] A7 efleh et

siE 7S TR A71900] S3kokA] @Al th7] A7) o] viso] go] Fi= vied shato] 2t <

TW 7322 OISt Tk, HiE2 5ol FFo = T=2]l Ty 79 2= A ofotlr. & 57149 & el uetol

A s sl R oR 2R 4 Al tiER7] 7Rt B S sl ] el Al 10137 EAYRE ARl

Az diz7] 7I7be tiaRt Ak 1738 A LISkl § 16610] AR7F 7] 7134l S AT 3L, 2420 A 73t
o )

4o 2 J
N,
oz
o
10
A|m
s

ol
=2
=
el

ol
¥

TP . 2
UatoA] Aok sl e ti27] 7137te]] A71¢o] Bkt off 7P o] WAehS & = ARt Hi o 2 YA §
HPASh= Sl e -2 471 0 2 ufl¢- A2 =25 BT} 3 42719] A7t o[ arate] gy ¢l vig e oF
|

Sh tjz7of] st 2971 sl DS =, ezt A TSk siid vl ot 2R oL

€ HE719] 291 s felole}. Foldet Eslia ol viell oft sii=rw EAo] g 7+

=:]

=
Folig 5 elat, tietsid oM A7) St seriso] BAske T8t 8 4% Z-g_ttt. AlFsH oA

17 3t

vl AR ol = 240 |

Table 3. Oceanic and meteorological factors correlated with seawater flooding for each region

Area Oceanic and meteorological factors

Water level, Pressure, Wind speed, Wind direction, Maximum wave height, Wave direction, Wave period, Ocean
Central Yellow Sea ..
temperature, Salinity

Water level, Pressure, Wind speed, Wind direction, Maximum wave height, Wave direction, Ocean temperature,
Southern Yellow Sea Salinity

Water level, Pressure, Wind speed, Wind direction, Maximum wave height, Wave direction, Wave period, Ocean

Jeju Straits ..

temperature, Salinity

Southern Jeju Water level, Pressure, Wind speed, Maximum wave height, Wave period, Ocean temperature, Temperature
. Water level, Pressure, Wind speed, Wind direction, Maximum wave height, Ocean temperature, Temperature,

Korea Straits ..

Salinity

Water level, Pressure, Wind speed, Wind direction, Maximum wave height, Wave direction, Wave period, Ocean

Southern East Sea temperature

Central East Sea ~ Water level, Pressure, Maximum wave height, Ocean temperature

Table 4. Types and number of events for seawater flooding

Types of seawater floodings Combination types Cases (ratio %)
TPW Tidal type + Pressure type + Wind type 29 (17.5%)
TP Tidal type + Pressure type 68 (41.0%)
™ Tidal type + Wind type 4 (2.4%)
T Tidal type 42 (25.3%)

Ty Typhoon type 23 (13.9%)
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Table 5. Types and number of seawater flooding over each region

Area Type Cases Combination type
Central Yellow Sea TPW 5 Tidal, Pressure, Wind type
TP 12 Tidal, Pressure type
T 6 Tidal type
Ty 1 Typhoon type
Southern Yellow Sea TPW 9 Tidal, Pressure, Wind type
TP 9 Tidal, Pressure type
T 2 Tidal type
Ty 3 Typhoon type
Jeju Straits TPW 5 Tidal, Pressure, Wind type
TP 5 Tidal, Pressure type
™ 2 Tidal, Wind type
T 15 Tidal type
Ty 3 Typhoon type
Southern Jeju TP 7 Tidal, Pressure type
T 4 Tidal type
Ty 2 Typhoon type
Korea Straits TPW 7 Tidal, Pressure, Wind type
TP 35 Tidal, Pressure type
T 11 Tidal type
Ty 11 Typhoon type
Southern East Sea ™ 2 Tidal, Wind type
T 4 Tidal type
Ty 3 Typhoon type
Central East Sea TPW 3 Tidal, Pressure, Wind type
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Table 6. Factors causing seawater flooding for TPW type

Area Ranking of Factor

Factors (Threshold)

Central Yellow Sea

Southern Yellow Sea

Jeju Straits

Korea Straits

Central East Sea

W NN — W LW WM — NN DN~ W DN~ W N — —

Incheon-Water level (above 678.5 cm)
Ansan-Pressure (below 1012.1 hPa)
Incheon-Wind speed (above 1.0 m s~ 1)
Deokjeokdo-Wind direction (below 192.8°)
Ansan-Ocean temperature (above 25.8°C)
Yeonggwang-Water level (above 664.2 cm)
Heuksando-Pressure (below 1010.6 h Pa)
Chilbaldo-Wind speed (above 1.0 m s~ 1)
Chilbaldo-Wave direction (below 181.0°)
Mokpo-Ocean temperature (above 24.2°C)
Jeju-Water level (above 297.9 ¢m)
Geomundo-Wind speed (above 3.5 m s~ ')
Geomundo-Wave period (below 7.8 s)
Geomundo-Ocean temperature (above 24.8°C)
Chujado-Pressure (below 1019.9 h Pa)
Tongyeong-Water level (above 249.9 ¢m)
Busan-Ocean temperature (above 23.9°C)
Geojedo-Maximum wave height (above 1.3 m)
Gadeokdo-Wind speed (above 1.8 m s~ 1)
Geojedo-Pressure (below 1013.6 hPa)
Toseong-Maximum wave height (above 0.8 m)
Sokcho-Water level (above 69.9 cm)
Sokcho-Pressure (below 1000.7 hPa)
Sokcho-Ocean temperature (above 22.1°C)

Table 7. Factors causing seawater flooding for TP type

Area Ranking of Factor

Factors (Threshold)

Central Yellow Sea

Southern Yellow Sea

Jeju Straits

Southern Jeju

Korea Straits

W N — LW NN DN~ WERN NN~ WWDRN =~ — W WD —

Ansan-Water level (above 747.0 cm)
Ochungdo-Pressure (below 1006.0 h Pa)
Ochungdo-Salinity (below 30.31 psu)
Deokjeokdo-Wave period (below 7.2 s)
Incheon-Ocean temperature (above 21.4°C)
Incheon-Wind speed (above 5.2 m s~ 1)
Mokpo-Water level (above 244.9 c¢m)
Jindo-Pressure (below 1005.8 hPa)
Chilbaldo-Wind direction (53.3°~ 218.6°)
Heuksando-Salinity (below 31.8 psu)
Gunsan-Ocean temperature (above 22.9°C)
Geomundo-Water level (above 196.9 cm)
Geomundo-Ocean temperature (above 20.1°C)
Geomundo-Maximum wave height (above 2.4 m)
Yeosu-Pressure (above 1012.9 h Pa)
Geomundo-Wave direction (below 226.6°)
Seogwipo-Water level (above 260.9 cm)
Marado-Maximum wave height (above 0.9 m)
Moseulpo-Pressure (below 1009.6 h Pa)
Moseulpo-Ocean temperature (above 20.8°C)
Marado-Wave period (below 7.1 s)
Tongyeong-Water level (above 237.9 c¢m))
Geojedo-Pressure (below 1007.6 hPa)
Tongyeong-Ocean temperature (above 22.0°C)
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Table 8. Factors causing seawater flooding for T type

Area

Ranking of Factor

Factors (Threshold)

Central Yellow Sea

Jeju Straits

Southern Jeju

Korea Straits

Southern East Sea

W W NN — LW WK — NN NN = WWHN N~ WWWwWNNND—

Ansan-Water level (above 800.0 ¢m)
Ansan-Pressure (above 1007.8 1 Pa)
Deokjeokdo-Maximum wave height (above 0.39 m)
Deokjeokdo-Wave direction (36.8° ~ 304.4°)
Ganghwa bridge-Ocean temperature (above 29.1°C)
Deokjeokdo-Ocean temperature (above 15.3°C)
Deokjeokdo-Wind speed (above 2.1 m s~ ')
Gwangyang-Water level (above 255.9 cm)
Jeju-Water level (above 296.7 cm)
Geomundo-Wind direction (330° ~ 345.2°)
Geomundo-Ocean temperature (above 17.4°C)
Geomundo-Wind speed (above 2.7 m s~ 1)
Wando-Salinity (below 32.21 psu)
Seogwipo-Water level (above 259.6 cm.)
Seogwipo-Pressure (above 1009.3 hPa)
Seogwipo-Ocean temperature (above 26.2°C)
Moseulpo-Temperature (below 26.6°C)
Marado-Wind speed (above 4.9 m s~ ')
Tongyeong-Water level (above 233.9 cm)
Busan-Ocean temperature (above 24.8°C)
Tongyeong-Temperature (below 25.3°C)
Tongyeong-Pressure (above 1010.4 hPa)
Ulsan-Water level (above 36.9 ¢m)
Jukbyun-Ocean temperature (above 22.8°C)
Uljin-Wind direction (below 133.1°)
Ulsan-Wave direction (25.9° ~ 85.1°)
Pohang-Wind speed (above 4.2 m. s~ 1)

Table 9. Factors causing seawater flooding for Ty type

Area

Ranking of Factor

Factors (Threshold)

Southern Yellow Sea

Jeju Straits

Korea Straits

Southern East Sea

W N NN — WA NN~ W W —= WK — - —

Chilbaldo-Wave direction (below 264.0°)
Gunsan-Wind speed (above 10.4 m s~ ')
Chilbaldo-Maximum wave height (above 1.1 m)
Yeonggwang-Pressure (below 993.8 h Pa)
Jindo-Salinity (below 30.8 psu)
Chilbaldo-Ocean temperature (above 19.4°C)
Goheung-Wind speed (above 11.1 m s~ 1)
Geomundo-Wave direction (below 311.3°)
Geomundo-Wind speed (above 9.6 m s~ 1)
Goheung-Pressure (below 979.7 h Pa)
Tongyeong-Water level (above 214.9 cm)
Geojedo-Wind speed (above 9.2 m s~ 1)
Geojedo-Wind direction (60.1° ~ 284.4°)
Tongyeong-Salinity (below 28.41 psu)
Tongyeong-Pressure (below 979.7 h Pa)
Hupo-Pressure (below 1013.3 hPa)
Pohang-Wind direction (10.8° ~ 68.9°)
Ulsan-Wind speed (above 10.9 m s 1)
Jangan-Wave period (below 7.0 s)
Ulsan-Maximum wave height (above 1.2 m)
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