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Early Warning System of Coastal inundation in South Korea's Coast Using

Decision Support Data of Ocean Prediction
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Abstract In order to set up an early warning system for coastal inundation on the coast of Korea, the
coastal inundation threshold based on observational data calculated by the Korea Hydrographic and
Oceanographic Agency(KHOA) apply to the numerical modeling prediction data. The coastal inundation
threshold was calculated using Korea's coastal inundation cases and marine and meteorological observations
data over the past 10 years, and the numerical modeling prediction data was used the KHOA Integrated Ocean
Prediction System(KIOPS) of KHOA. The threshold of coastal inundation threshold was calculated by
normalization between observation and KIOPS data, and based on this, an early warning system was set up
to recognize the coastal inundation before 48 hours. The accuracy of the early warning system was verified
in 12 cases of coastal inundation in 2018, with a prediction rate of 59.2% and a accuracy rate of 22.7%, and
the associated prediction rate, including the prediction of the coastal inundation in the adjacent areas and close
periods, was 77.2%, indicating the availability of the early warning system. As a result of verifying cases of
flooding and typhoons in 2019 based on the early warning system, it showed high utilization by predicting
the risk of flooding caused by two coastal inundation and three typhoons. The calculation of decision support
information using both observation and forecasting data is an important process to support marine forecasts.
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Figure 1. Division of the Korean coastal area by Marine
Forecasting Map
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Table 1. Classification of coastal inundation types by area and ocean conditions

Classification of Area Classification of inundation type
Num Name Num. Name Num. details of type
1 Baengneong-do 13 Mid-GS 1 Tide/Press/Wind
2 Gyeonggi bay 14 East-GS 2 Tide/Press
3 IC-PT 15 South-GN X Wi
4 TA-DG 16 North-GN e
5 CN ;
) N 17 South-GW 4 Tide
7 North-JS 18 North-GW 5 Press/Wind
3 Mid-JsS 19 Northeast-JJ 6 Press
20 Northwest-JJ
9 South-JS 7 Wind
10 West-JS 21 Southwest-JJ
8 Obscurit
11 East-JS 22 Southeast-JJ seurtty
12 West-GS 23 Ulleng-do 9 Typhoon
IC-PT Incheon - Pyengtaek
TA-DG Taean - Dangjin
CN Chungcheongnam-do
IN Jeollabuk-d
Abbreviation of administrative eorabuieco
s JS Jeollanam-do
district
GS Gyeongsangnam-do
GN Gyeongsangbuk-do
GW Gangwon-do
1] Jeju-island
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Max OBS : 766 i T : i m—
Max Model : 6843 «-&-sost——hthiht AL
‘ - : > i PU u W U Threshold : 724
Min Model : 114.6 1--:"2‘-%{5 AR RE i
100 Ry
Min OBS : -2 < % ‘ 7
T 03/05 03/10 03715 03/20 03125 0330
Result of Normalization 684 | 1 < 766
627 Convert to |09 | Normalization| 689 724
OBS Threshold : 724 cm 570 Model 0.8 0.9453 612
513 653 cm 0.7 536
Model Threshold : 653 cm 456 06 459
399 05 382
342 0.4 305
286 0.3 228
220 0.2 152
172 0.1 75
115 [] 2

Calculating the threshold of predictive data using normalization

Figure 2. Example of optimization of coastal inundation threshold(water level)
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Table 2. Coastal inundation occurrence in 2018
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Date of coastal inundation

The report of coastal inundation survey in 2018

11th August 12th August 13th August
Baengneong-do : 1
West-JS = 2 CN -1 Baengneong-do : 1
Occurrence Area South-GN : 1 West-JS : 2 ON - 1
Northwest-JJ : 1 South-GN : 1 ’
Northwest-JJ : 1
The number of occurrence 4 6 2
Total 12

Table 3. Classification of the verification for coastal inundation thresholds

near-area warning

near-time warning

Classification Criteria for classification
T occurrence Predict the occurrence of coastal inundation
rue non occurrence Predict the non-occurrence of coastal inundation
non warning Occur the coastal inundation, but warning didn’t occur
False over warning Not occur the coastal inundation, but warning occur

Predict the occurrence of coastal inundation near area
Predict the occurrence of coastal inundation near 2 days
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Table 4. Coastal inundation thresholds of Tide/Press/Wind type in Incheon-Pyengtak area

data data Normal distribution
sort type
div. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.98 1
tide OBS | -35 62 161 264 359 458 556 656 754 853 932 952
M 168 250 332 415 497 579 661 744 826 909 975 991
OBS 932.5 cm (0.98) -> Model 974.8 cm (0.98)
div. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.92 1
sea OBS 34 5.8 8.2 10.7 13.1 15.5 18.0 20.4 22.8 25.3 25.8 27.7
temp M 1.6 4.2 6.9 9.5 12.2 14.9 17.5 20.2 22.8 25.5 26.1 28.1
OBS 25.8 T (0.922) -> Model 26.1 T (0.922)
div. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.64 0.7 0.8 0.9 1
air OBS | -1.3 2.4 6.2 9.9 13.6 17.4 21.1 22.7 24.9 28.6 324 36.1
temp M 2.6 5.4 8.2 10.9 13.7 16.5 19.2 20.4 22.0 24.8 27.5 30.3
OBS 22.7 C (0.64) -> Model 20.4 T (0.64)
div. 0 0.1 0.2 0.3 0.4 0.46 0.5 0.6 0.7 0.8 0.9 1
OBS | 991 995 999 1002 1006 1010 1010 1013 1018 1022 1026 1029
PIESS "M | 991 | 994 | 999 | 1001 | 1005 | 1007 | 1008 | 1012 | 1015 | 1019 | 1022 | 1026
OBS 1010.4 hpa (0.456) -> Model 1006.7 hpa (0.456)
Table 5. Coastal inundation thresholds of Tide/Press type in Incheon-Pyengtak area
data | data Normal distribution
sort | type
div. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 1
tide OBS | -35 62 161 264 359 458 556 656 754 853 906 952
M 168 250 332 415 497 579 661 744 826 909 953 991
OBS 906 cm (0.98) -> Model 953.4 cm (0.95)
div. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.74 0.8 0.9 1
sea OBS | 34 5.8 8.2 10.7 13.1 15.5 18.0 20.4 214 22.8 25.3 27.7
temp M 1.6 42 6.9 9.5 12.2 14.9 17.5 20.2 21.3 22.8 25.5 28.1
OBS 25.8 € (0.922) -> Model 26.1 T (0.922)
div. 0 0.1 0.2 0.3 0.38 0.4 0.5 0.6 0.7 0.8 0.9 1
air OBS | 991 995 999 1002 1005 1006 1010 1013 1018 1022 1026 1029
temp M 991 994 999 1001 1004 1005 1008 1012 1015 1019 1022 1026
OBS 25.8 T (0.922) -> Model 26.1 T (0.922)
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Table 6. Coastal inundation thresholds of Tide type in Incheon-Pyengtak area

data data Normal distribution
sort type
div. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 1
fide OBS -35 62 161 264 359 458 556 656 754 853 906 952
M 168 250 332 415 497 579 661 744 826 909 953 991
OBS 906 cm (0.98) -> Model 953.4 cm (0.95)
div. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.61 0.7 0.8 0.9 1
sea OBS -3.6 0.3 4.3 8.2 12.2 16.1 20.1 20.6 24.0 28.0 | 319 | 359
temp M 2.6 5.4 8.2 10.9 13.7 16.5 19.2 19.6 22.0 24.8 27.5 30.3
OBS 20.6 C (0.613) -> Model 19.6 C (0.613)
div. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.82 0.9 1
air OBS 5.7 8.0 10.3 12.7 15.0 17.3 19.7 22.0 243 24.7 | 26.7 29
temp M 1.6 4.2 6.9 9.5 12.2 14.9 17.5 20.2 21.8 22.7 | 255 28.1
OBS 20.6 T (0.640) -> Model 18.6 T (0.640)
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Figure 3. The diagram of coastal inundation prediction in 09-Aug.



STl S A

10.08.2078 Warning

=== 24/48h warning
=== 24h warning
=== 48h waming

glol ¢

Flooding
oceurrence

Flooding
oceurrence

11.08.2078 Warning

‘==== 24/48h warning
|====x 24h warning

/=== 48h wamning

Figure 4. The diagram of coastal inundation prediction in 10-Aug.
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Figure 5. The diagram of coastal inundation prediction in 11-Aug.
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Figure 6. The diagram of coastal inundation prediction in 12-Aug.
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Table 7. The results of coastal inundation prediction in 09-Aug(The bold text of the warning area is area where
coastal inundation occurred).

Warning

Result of prediction

prediction time

warning area

Occurrence area

classification of result

occurrence 0

non_occurrence 16

in 24h 11, 12, 13, 14, 15, 20, 22 - DOT. WELIIDG 0
over warning 2

near-area warning 2

near-time warning 3

occurrence 4

non_occurrence 14

in 48h 10, 11, 12, 13, 14, 15, 19, 20, 10, 15, 19, 20 non warnlpg 0
22 over warning 1

near-area_warning 4

near-time warning 0
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Table 8. The results of coastal inundation prediction in 10-Aug.

Warning

Result of prediction

prediction time warning area

Occurrence area

classification of result

9, 10, 11, 12, 13, 14, 15, 19,

in 24h 20, 21, 22

10, 15, 19, 20

occurrence

~

non occurrence

—_
(3]

non warning

over warning

near-area warning

near-timewarning

1,3,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 19, 20, 21,
22, 23

in 48h

1, 5, 10, 15, 19, 20

occurrence

non occurrence

non warning

over warning

near-area warning

near-timewarning
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Table 9. The results of coastal inundation prediction in 11-Aug.

Warning

Result of prediction

prediction time warning area

Occurrence area

classification of result

1,3,5,6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 19, 20,
21, 22, 23

in 24h

1, 5, 10, 15, 19, 20

occurrence

non occurrence

non warning

over warning

near-arca Warning

near-timewarning

1, 5,6, 8,9, 10, 11, 12,

in 48h 13, 14, 15, 19, 20, 21, 22

occurrence

non occurrence

non warning

[=REe Bl SH KRN SRR S

over warning

—_
[\

near-area warning

—_—

near-timewarning

=]

Table 10. The results of coastal inundation

prediction in 12-Aug.

Warning

Result of prediction

prediction time warning area

Occurrence area

classification of result

10, 11, 12, 13, 15, 20, 21,

in 24h 2

occurrence

non occurrence

non warning

over warning

near-area warning

near-timewarning

in 48h 11, 12, 13, 15, 20, 21, 22

occurrence

OO

non occurrence

—_
(=)}

non warning

over warning

near-area warning

near-timewarning
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Table 11. The total result of coastal inundation prediction in 2018

date 08/09 08/10 08/11 08/12
warning_time 24 48 24 48 24 48 24 48 total
True occurrence 0 4 4 6 6 0 0 22
non occurrence 16 14 12 4 4 8 13 16 87
~_non warning 0 0 0 0 0 2 0 2
over warning 2 1 2 4 4 12 8 7 40
False ;
near-area warning 2 4 5 9 9 1 0 0 30
near-timewarning 3 0 0 0 0 0 0 0 3
Accuracy rate (%) 0.0 44.4 36.4 31.6 31.6 13.3 0.0 0.0 22.7
Prediction rate (%) 69.6 78.3 69.6 43.5 43.5 43.5 56.5 69.6 59.2
Associative prediction rate (%) 91.3 95.7 91.3 82.6 82.6 47.8 56.5 69.6 77.2
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Table 12. The cases related coastal inundation in 2019

Classification Date and case name

19. 07. 05 Ocheon-port in Chung-nam
area
19. 08. 03 Somuido in
Incheon-Pyeongtaek area
19. 07. 20 No.5 - DANAS
19. 09. 06 No.13 - RINGRING
19. 10. 01 No.18 - MITAG

Real case

Typhoon

Spring tide in 07. 2019

e 24/43h waming
=== 24h waming
=== 48h warming

- Early warning of type4 in area5

- Early warning of type1, 4 in areal0

- Early warning of type 2 in area 22

04. 07. 2019 The real case in 05. 07. 2019

- Warning of the real-time high tide

—— Occurence |

== Waing
of KHOA.

- er

- Coastal inundation occurred in

area5(Boryeong Ochen port)

service in KHOA warned area3, 5, 6,

7,9, 11,13, 20, 21, 22

Super moon in 08. 2019

The result of Warning System in
02. 08. 2019

| === 24/48h warning
=== 24h warning
=== 48h warning

- Early warning of type4 in area3

- Early warning of type2 in area5, 10,
12,13

- Early warning of type 1, 9 in area
15

- Early warning of type 2 in area 20

The real case in 03. 08. 2019

mmm Occurence

e

== Warning
of KHOA

- Coastal inundation occurred in
area3(Incehon Somuido)

- Warning of the real-time high tide
service in KHOA warned area3~9,
11,18, 21, 22

Figure 7. The diagram of coastal inundation prediction to real

case in 2019
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Figure 8. The diagram of coastal inundation prediction to typhoon case in 2019
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Table 13. The thresholds of coastal inundation by area and type (Type 1 - tide, press, wind / Type 2 - tide, press,

type / Type 3 — tide, wind / Type 4 — tide / Type 5 — press, wind / Type 6 — press / Type 7 — wind

/ Type 8 — Unknown / Type 9 — typhoon)

1™ o 34 4" 5"
area | type OBS Model OBS Model OBS Model OBS Model OBS Model
1 tide>932.5 > 749.9 press<1011 < 1012.7 w.speed>2.3 > 2.7
X 175<w.dir<25 ;| 175<w.dir<25
1 2 tide>932.5 > 749.9 press<1006.9 < 1008.5 0 0
4 tide>690 > 585.7 w.dir<286 < 286 w.speed>1.2 <14 w.height>1.7 > 1.8
2 4 tide>886 > 820 w.period<8 < 6.8 s.temp>19.8 > 17.3 w.dir<125.8 < 125.8 w.dir>260 > 260
1 tide>932.5 > 750.6 a.temp<22.7 < 17.7 s.temp>25.8 > 237 press<1008.4 < 1007.3
3 2 tide>886 > 719.1 press<1005.3 < 1004.3 s.temp>21.4 > 19.3 a.temp<26.8 <202
4 tide>902.5 > 729.8 s.temp>24.7 > 227 a.temp>20.6 > 16.5
4 1 tide>755 > 698 press<1014 < 1015.7 w.speed>2.5 > 1.9
2 tide>755 > 698 press<1007 < 1008.5 a.temp<24.7 < 18.9
1 tide>708 > 638.18 w.speed>7.5 > 6.8
2 tide>690 > 617.85 press<1007.1 < 1008.7 tide>770.5 -
5 4 tide>690 > 617.85 press>1022.1 > 1023.7 a.temp<10.6 < 9.74
9 tide>764 > 689.15 s.temp>17.8 > 14.6 a.temp>18.1 > 12.57
6 1 tide>725 > 681.5 s.temp>25 > 26.7 press<1011.3 < 1011.9 a.temp>22.8 > 22.1
2 tide>746.5 > 697.7 press<1001.6 < 1001.7 a.temp<25 < 239
. 1 tide>755 > 698 press<1014 < 1015.7 w.speed>2.5 > 1.9
2 tide>755 > 698 press<1007 < 1008.5 a.temp<24.7 < 18.9
3 1 tide>486 > 316.8 w.period<5.9 s.temp>24.3 > 255 w.period<4.5
2 tide>486 > 316.8 press<1007.5 < 1007.4 w.speed>2.7 > 25 s.temp>21.5 > 22.6
1 tide>380 > 420.1 press<1008.9 < 1009.1 a.temp>22.6 > 21.75
9 2 tide>380 > 420.1 s.temp>21.8 > 21.9 salinity<31 *exception
9 press<994.6 < 9942 salinity<29.6 | *exception | w.speed>9.6 > 74 tide>360 > 400.5
2 tide>401 > 4347 s.temp>15.8 > 16.1 a.temp>16.7 > 175 press<1015.1 < 1016.3
10 3 tide>401 > 4347 press<1016.6 < 1017.8 a.temp>21.8 > 202 w.speed>2.8 > 2.6
4 tide>401 > 4347 a.temp>28.9 > 24.1 press>1015.4 > 1016.6
1 2 s.temp>24.7 > 26.5 tide>376 > 383.7 press<1008.7 < 1008.7
9 press<991 < 990 tide>362 > 370.5
1 w.period<3.5 <35 tide>290.5 > 293.1 s.temp>25 > 25
12 2 tide>258 > 263.8 a.temp>20.4 > 23.7 s.temp>24.7 > 247 press<1012.3 < 1009.9
4 tide>256 > 262 s.temp>25 > 25 press>1010.75: > 1007.5
9 w.period<4.8 < 4.7 w.height>1 > 1.1 s.temp>23.8 > 238
1 tide>226.5 > 203 press<1008.9 < 1008.6 w.speed>3.7 > 3.5 s.temp>26.1 > 26.8 a.temp>22.9 > 24
2 tide>182 > 167.4 s.temp>22.1 > 224 press<1011 < 1010.9 a.temp>19.4 > 233
13 4 s.temp>27.3 > 27.5 tide>280 > 2457 press>1010.6 i > 1010.4
6 a.temp>27 > 26.7 tide>280 > 2457 press<1005.9 i < 1009.5
9 salinity<27.8 i *exception s.temp>25.1 > 25.6 tide>280 > 245.7 a.temp>21.9 > 244 w.speed>8.7
2 tide>103 > 1372 press<1005.6 < 1003.6 a.temp>20.4 > 227 s.temp>18.4 > 19
14 4 s.temp>25 >25.6 tide>103 > 137.2 press>1011 > 1009.5 a.temp>23.4 > 243 w.speed>0.4
9 salinity<30.1 *exception | press<1005.9 < 1003.9 s.temp>22.9 > 23.1 tide>103 > 137.2 w.speed>1.7
1016.5<hpa<1 i 1014.1<hpa<1 .
1 tide>60.8 > 82.7 w.speed>3.8 > 3.6
s 019.6 017.3
4 s.temp>21 > 224 salinity<31.7 i *exception tide>60.8 > 82.7
9 s.temp>23.9 > 249 a.temp<22.8 < 23.0 tide>60.8 > 82.7 press<1012.4 < 1009.8 salinity<30.8 i *exception
1 press<1010 < 1007.4 | w.speed>11.7 > 95 s.speed>12.8 > 12.8
16 2 tide>60.8 > 82.7 press>1013.7 > 1011.2 w.height>1.4 > 1.5 s.temp>21.5 > 228
4 tide>60.8 > 82.7 w.height>1.1 > 1.2 w.speed>4.2 > 4.1
9 tide>60.8 > 82.7 press<1015.3 < 1012.8 w.height>3.1 > 32 w.speed>5.3 > 5.1
1 press<1010 < 1007.4 | w.speed>11.7 > 95 s.speed>12.8 > 12.8
17 2 tide>60.8 > 82.7 press>1013.7 > 1011.2 w.height>1.4 > 1.5 s.temp>21.5 > 228
4 tide>60.8 > 82.7 w.height>1.1 > 1.2 w.speed>4.2 > 4.1
9 tide>60.8 > 82.7 press<1015.3 < 1012.8 w.height>3.1 > 32 w.speed>5.3 > 5.1
18 1 tide>71.5 > 1329 w.speed>2.1 > 2.1 press<1000.7 < 99929 |salinity<31.45: *exception
2 tide>401 > 4347 s.temp>15.8 > 16.1 a.temp>16.7 > 175 press<1015.1 < 1016.3
19 3 tide>401 > 4347 press<1016.6 < 1017.8 a.temp>21.8 > 202 w.speed>2.8 > 27
4 tide>401 > 4347 a.temp>28.9 > 24.1 press>1015.4 : > 1016.6
2 tide>401 > 4347 s.temp>15.8 > 16.1 a.temp>16.7 > 17.5 press<1015.1 < 1016.3
20 3 tide>401 > 4347 press<1016.6 < 1017.8 a.temp>21.8 > 202 w.speed>2.8 > 2.7
4 tide>401 > 4347 a.temp>28.9 > 24.1 press>1015.4 i > 1016.6
1 tide>223 > 2413 press<1009 < 1011.7 s.temp>20.8 > 223 a.temp>20.3 > 223
21 2 s.temp>26.3 > 28.6 tide>223 > 2413 press>1009.9 > 1012.7 a.temp>21.4 > 23.0
9 | w.speed>13.5 > 11.5 a.temp>28 > 27.1 salinity<28.4 : *exception press<999.6 <1001.3
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2 tide>223 > 2413 press<1009 < 1011.7 s.temp>20.8 > 223 a.temp>0.3 > 223

22 4 s.temp>26.3 > 28.6 tide>223 > 2413 press>1009.9 > 1012.7 a.temp>21.4 > 23.0
9 | w.speed>13.5 > 11.5 a.temp>28 > 27.1 salinity<28.4 : *exception press<999.6 <1001.3
1 press<1010 < 1007.4 w.speed>11.7 > 95 s.speed>12.8 > 12.8

3 2 tide>60.8 > 82.7 press>1013.7 > 1011.2 w.height>1.4 > 1.5 s.temp>21.5 > 22.8
4 tide>60.8 > 82.7 w.height>1.1 > 1.2 w.speed>4.2 > 4.1
9 tide>60.8 > 82.7 press<1015.3 < 1012.8 w.height>3.1 > 32 w.speed>5.3 > 5.1




