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Abstract : This study analyses wave characteristics of the northeastern coast of Korea,
specifically in the areas of GangNeung, Yang-yang, Sokcho, and GoSung during typhoon
Hinnamnor, which ranked as the 4th in the biggest damage caused. Measured wave data
was collected from five different locations and analysed, revealing the maximum wave
height in the decreasing order of DongHae > GangNeung > W-2>GoSung > W-1 hence
displaying a trend of decreasing wave height as the wave approaches the coast. During
the impact of typhoon, the measured wave data suggests that the wave directions were

Accepted April 28, 2023 between ENE~E direction. This indicates that the waves developed in the South had

minimal effect whereas wind waves of North-east direction were dominant. The analysis
of measured wave data confirms that during the impact of Typhoon Hinnamnor in the
Northern Region of the East Sea, the maximum wave height ranged between 2.2 to 3.8
meters, with an ENE to E wave direction. Although the incoming wave height during the
typhoon was smaller than that of winter storms, it still impacted the shoreline for over 24
hours with wave heights exceeding 1.5 meters. Moreover, it was equivalent to the top 5 to
11% of wave heights during winter storms.
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Fig. 1. Best track of typhoon ‘Hinnamnor’ (Source: KMA, Korean
Meteorological Administration).

Table 1. Description of wave data measurement locations
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Fig. 2. Satellite image of typhoon ‘Hinnamnor’ (Source: KMA, Ko-
rean Meteorological Administration).
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Fig. 3. Locations of wave data measurement.
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Fig. 4. Schematics of acoustic doppler current profiler installation.
Table 2. Basic properties of used ADCP device
Name Measurement range Precision Photo

Signature 500 kHz Wave height: 0~15m Wave height: £2cm

(Nortek, Norway) Wave period: 0~50 sec

Wave direction: +2°
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Table 3. Description of wind data measurement
Location Latitude / Longitude Start of observation Elevation
JuMoonlJin 37°53'55"N/128°49'17"E 1990.05.11. 90m
ChungHo 38°11"27"N/128°35'37"E 2006.12.15. 40m

Fig. 5. Photo of installed ADCP device (left: W-1, right: W-2).
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Fig. 7. Time series of measured wave height and direction at W-1
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Fig. 8. Time series of measured wave height and direction at W-2.
Table 4. Maximum wave height occurrence during measurement
Location Max. wave height (m) Period (s) Wave direction (Deg) Occurrence time
W-1 22 7.8 80.2°(E) 6" of Sept. 08:00
W-2 2.8 79 69.9° (ENE) 6" of Sept. 09:00
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Fig. 9. Wave spectrum at W-1 when maximum wave height occurred.
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Fig. 10. Wave spectrum at W-2 when maximum wave height occurred.
Table 5. Maximum wave height occurrence in other literature
Location Max. wave height (m) Period (s) Wave direction (Deg) Time of occurrence
DongHae 52 9.1 59.0° (ENE) 6" of Sept. 12:00
GangNeung 38 8.5 57.8° (ENE) 6™ of Sept. 09:00
GoSung 25 7.7 76.4° (ENE) 6™ of Sept. 10:00
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Fig. 11. Time series of measured wave height and direction at DongHae.
40 . g 360
e Sy

.5 GangNeung N

: I I - o 300
,g 3.0 Wave height | . 'g\,
= Wave direction = K]
= . 240 =
5 25 - c
o 2
> =
T S
=" : g

10 R =

0.5

0.0

9/3 a/4 /5 9/6 a7 8/8 9/9 9/10 811
Date
Fig. 12. Time series of measured wave height and direction at GangNeung.
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Fig. 13. Time series of measured wave height and direction at GoSung.
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Fig. 14. Time series of measured wind speed and direction at DongHae.
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Fig. 15. Time series of measured wind speed and direction at JuMoonJin.
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Fig. 16. Time series of measured wind speed and direction at ChungHo.
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Table 6. Maximum wind speed measured at various locations
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Location Max. wind speed (m/s) Wind direction (Deg) Time of occurrence
DongHae 22.1 1.0°(N) 6" of Sept. 12:00
JuMoonJin 7.7 358.2°(N) 6% of Sept. 09:00
ChungHo 6.1 23.6°(NNE) 6" of Sept. 07:00

Table 7. Description of Beaufort scale (wind classification) and according land conditions (Source: KMA)

Beaufort number Description Wind speed (m/s) Land conditions

0 Calm 0~0.2 Smoke rises vertically

1 Light air 03~1.5 Direction shown by smoke drift but not by wind vanes

2 Light breeze 1.6~33 Wind felt on face; leaves rustle; wind vane moved by wind

3 Gentle breeze 34~54 Leaves and small twigs in constant motion; light flags extended

4 Moderate breeze 55~79 Raises dust and loose paper; small branches moved

5 Fresh breeze 8.0~10.7 Small trees in leaf begin to sway; crested wavelets form on inland waters

6 Strong breeze 10.8~13.8 Large branches in motion; whistling heard in telegraph wires; umbrellas used

with difficulty
7 High wind 139~17.1 Whole trees in motion; inconvenience felt when walking against the wind
8 Gale 17.2~20.7 Twigs break off trees; generally impedes progress
Sever gale 20.8~244 Slight structural damage (chimney pots and slates removed)
10 Storm, whole gale 24.5~284 Seldom experienced inland; trees uprooted; considerable structural damage
11 Violent storm 28.5~32.6 Very rarely experienced; accompanied by widespread damage
12 Hurricane-force 32.7~ Devastation
= " & GoSung(2.5m, ENE)
(976, 10:00)
Sokcho City.5, * W-1(22m, E)
(9/6, 08:00)
Yangyan-gun 3 o w.2(2.8m, ENE)
(916, 09:00)
;% ¢ GangNeung(3.8m, ENE)
Gangneung City (9/6, 09:00)
DongHae(5.2m, ENE)
+ (9/6, 12:00)
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Fig. 18. Time series of measured wave height for all measurement locations.
Table 8. Occurrence rate at GoSung for according wave height-period (%, 2016. April~2022. October)
T(s)
Hs (m) 0~2 2~4 4~6 6~8 8~10 10~12 12~14 14~6 Sum
0.0~0.5 0.33 7.05 19.15 842 1.81 0.32 0.02 - 37.10
0.5~1.0 - 1.39 14.08 17.18 3.69 0.54 0.04 - 3691
1.0~15 - 001 203 8.44 378 0.61 0.10 - 14.97
1.5~20 - - 0.17 249 246 047 0.03 - 5.62
20~2.5 — — 001 0.67 1.36 0.71 0.04 — 2.78
2.5~30 - - - 0.15 0.70 043 001 - 1.29
3.0~35 - - - 0.03 0.36 0.29 0.01 - 0.69
35~40 - - - - 0.14 0.19 0.03 - 0.35
40~45 - - - - 0.04 0.09 0.03 - 0.16
45~50 - - - - 001 0.05 0.01 - 0.07
50~55 - - - - - 0.04 - - 0.04
55~60 - - - - - 001 - - 001
Sum 0.33 8.45 3544 3737 14.34 3.75 0.31 - 100.0
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