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Abstract — In this study, detailed meteorological observation data for the land area and the ocean observation buoy
installed near the Busan coast before and after Typhoon Hinnamnor were collected, and the ocean waves and
weather conditions were analyzed when the typhoon passed. When the typhoon passed through the Busan coast, at
the Geoje Ocean Meteorological Buoy (St.A1), the central pressure was 956.9 hPa at 5:00 on the 6th, and the maxi-
mum wave height was 16.9 m (wave dir. - SSW) at 3:30, the significant wave height was 10.8 m (wave dir. - SSW)
at 5:00. The lowest sea level pressure during this typhoon's attack was 955.9 hPa, measured at 5:53 on Oryukdo
Island and the maximum tidal water level at Busan Port(Busan tidal observation station) was 225 cm at 4:59, and
the storm surge height was estimated to be 132 cm. The maximum wind speed occurred within one hour from 4:30
to 5:30 on the 6th, and the wind direction changed according to the attack path of the typhoon. As the center of the
typhoon approached closer, the sea surface cooling occurred, and the surface water temperature increased rapidly
again after a certain period of time. In general, the wind direction before the typhoon was SE-NE series, and wave
direction was S series. However, at the time of passing the typhoon, the wind direction rapidly changed in the SW-
NW direction. This change in wind direction was thought to have acted as an external force that transports wave
energy from the coast (land) to the sea (far sea) when passing through the typhoon.
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Fig. 1. Satellite image and route of typhoon Hinnamnor (KMA[2022a]).
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Fig. 2. The passage route of typhoon Hinnamnor and the location of land and sea observation stations used in this study.
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Table 1. Measurement status of meteorological and ocean wave conditions at each observation stations

Obs. station Land Sea
Obs. data Wl w2 W3 W4 W5 W6 W7 W8 | Al A2 A3 BI B2 B3
Wind vel. o o o o o o o oo = = O = =
Meteorological Wind dir. o o o o o o o o0]o - - O - -
cond. Air temp. o o o o o o o oo - - O = O
Atmospheric pressure O - - - o O O - O - - - - O
Water temp. - - - = = - - O O* O* O _ _
Max. height - = > = - - - O O* O _ _ _
Sig. height - - = - -1 0 O O O O O
Ocean Sig. period - - - - o - - - O O @)
wave cond.
Mean height - = > = - - - O O* O _ _ _
Wave period - = > = - - - O O* O _ _ _
Wave dir. - - - - = > - O - - O - @)

Data : September 5, 2022, 18:00 to 6, 12:00
¢ Data marked with * are at 1-hour intervals, and all others are at
* Location of obs. station :

30-minute intervals.

WI1(Geoje Seoimal), W2(Geoje Yangjiam), W3(Jinhae), W4(Gadeokdo), W5(Youngdo), W6 & A3(Oryukdo),

W7(Busan Nam-gu), W8(Busan Haeundae-gu), A1(Geoje island), A2(Daedeapo), B1(Korea strait), B1(Gamckeon harbour), B3(Songjung beach)
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Fig. 3. Time series of atmospheric pressure fluctuations in the Busan
coast when typhoon Hinnamnor passes.
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Table 2. Hourly Atmospheric pressure (P,) measured by each observation station when typhoon Hinnamnor passes through the Busan coast

Time St.Al St.B3 St.W1 St.W5 St.W6 St.W7
02:00 984.2 989.9 983.9 988.5 988.1 988.5
02:30 981.9 988.6 981.3 986.9 986.2 987.1
03:00 979.6 986.3 979.3 984.3 983.6 984.8
03:30 977 983.5 975.7 981.2 980.3 981.7
04:00 972.1 980.9 971.1 978.7 977.8 979.7
04:30 966.1 978.7 - 975.9 974.7 975.8
05:00 956.9 974.7 - 971.4 970.3 971.8
05:30 963.9 969.5 - 961 961.3 964.3
06:0(05:53) 972.6 959.5 - 964 958.1(955.9) 961.8
06:30 979.4 966.5 - 973.3 970.2 971.4
07:00 984 976.8 - 980.2 976.6 979.1
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Observed data during typhoon HINNAMNOR(18:00, 5~12:00, 6 Sep. 2022
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Fig. 4. Time series of wind speed fluctuations in the Busan coast
when typhoon Hinnamnor passes.
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Table 3. Hourly wind speed and direction measured by each observation station when typhoon Hinnamnor passes through the Busan coast

. St. A1l St.B1 St.W1 St.W2 St.W4 St.W3 St.W5 St.W6 St.W7 St.W8
e Ty Ty v v, W W W W W W W 1 v 1 T
02:00 66.2 1125 17.9 115 134 865 68 83.6 267 149 102 894 69 667 106 805 7.7 782 45 457
02:30 659 1125 192 119 169 952 81 984 273 261 6.5 106.7 102 70.5 16.8 85.6 5 925 39 58.1
03:00 67.7 135 196 118 174 107.7 88 963 293 3297 9 747 677 664 176 832 51 773 5 21.9
03:30 73.1 135 20.8 121 26.8 1134 7.7 1022 234 2082 6.7 809 135 812 225 863 11.1 912 6.9 495
04:00 87.1 135 209 128 21.7 1202 11.5 983 21.7 2434 72 91.5 145 634 227 845 7 957 39 558
04:30 90.7 157.5 21.5 145 - - 99 982 209 2622 99 729 6.7 771 273 93.6 128 96.7 48 59.6
05:00 87.5 190 222 150 - - 2.1 3593 16.1 3235 59 436 7.5 859 236 98.1 10.1 107 2.8 1049
05:30 76.3 247.5 254 165 - - 11.5 2954 8.2 213 10.8 3433 16 86.3 285 99.8 127 931 74 1856
06:00 66.2 270 234 227 - - 10.7 2733 155 2345 9.6 3188 6.9 212.1 224 2672 75 2944 1.7 356.1
06:30 59.8 2925 20.7 259 - - 109 275.1 15 54.5 102 3128 6.5 243.6 212 2494 7.4 2649 9.1 2449
07:00 56.5 2925 21.1 269 - - 103 291.3 12.6 70.5 3.5 3542 6.6 2755 243 268.6 102 2863 52 3139

%V, & V. Wind velocity(m/s) and direction(deg.)
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Fig. 5. Time series of tide changes in the Busan coast when typhoon
Hinnamnor passes.

Observed data during typhoon HINNAMNOR(18:00, 5~12:00, 6 Sep. 2022
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Fig. 6. Time series of maximum wave height fluctuation in Busan
coast when typhoon Hinnamnor passes.
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Fig. 7. Time series of significant wave height fluctuations in the
Busan coast when typhoon Hinnamnor passes.
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Table 4. Hourly Tidal waterlevel and ocean wave measured by each observation station when typhoon Hinnamnor passes through the Busan

coast

Busan port St.Al St.B1 St.A2 St.B2 St.A3 St.B3
Time Tidal level

Measbrs | Huw Hy T2 Dy | Hy T Dy |Hyw Hpy T |Hy LY |Hu Hy T2 [ Hs TS D,
02:00 | 135/80 13 66 93 180|585 124 193 |65 51 11.8|3.75 87651 39 64 569 11.5 163
02:30 119/84 |125 7.3 9.8 202.5 6.58 12.7 192 - - - - - - - - 549 993 120
03:00 | 163/88 |122 82 10 202.5/749 129 188 | 6.7 56 12 |4.64 873| 67 43 6.8 |595 13.64 153
03:30 | 176/91 |16.9 83 9.8 2025/ 6.6 125 197 | - - - 1392 921 - - - | 6.14 10.87 163
04:00 | 152/93 |149 9.6 10.8 202.5/ 831 11.7 191 | 86 64 9.7 - - 7 51 6.8 ]599 11.06 121
04:30 | 157/94 |13.9 10.2 103 202.5/1043 13 188 | - - - 47 971 | - - - | 743 136 154
05:00 | 213/93 |13.7 10.8 10.5 202.5/10.21 12.7 186 | - - - - - [121 7.6 811|693 135 151
05:30 | 174/91 |14.1 10.7 10.5 202.5/10.01 12.1 186 | - - - 513 931 - - - 1646 1025 111
06:00 | 161/88 |133 94 103 180 [9.15 119 182 | - 78 123| - - - - 9 1913 144 156
06:30 102/84 | 132 7.8 9.1 180|845 12.1 173 - - - - - - - - 6.61 9.68 142
07:00 59/179 114 8 9.3 2025|649 11.7 166 | - 36 9.8 - - - - 7.6 | 6.9 11.35 149
¥ H, .. Maximum wave height(m), H,;: Significant wave height(m), 7,: Mean wave period(sec), D,,: wave direction(deg.)

max*

% In the wave period, the superscript a denotes the average value and b denotes the significance value.
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Fig. 9. Time series of air temperature fluctuations in the Busan coast
when typhoon Hinnamnor passes.
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Table 5. Hourly air and water temperature measured by each observation station when typhoon Hinnamnor passes through the Busan coast

Time StAl StA2  StA3 StBI StB3  StWl StW2 StW3  StW4  StW5 StW6  StW7  StWS
T, T. T. T. T, T. T, T, T, T, T, T, T, T, T,

02:00 262 25.6 245 25.7 257 2762 2688 246 25.4 25.9 25 25.4 27.7 24.9 25.4
02:30 25.9 25.6 - - 257 2761 2676 247 254 26 249 252 26.9 247 253
03:00 25.8 25.4 245 25.6 25.5 275 2638 248 25.5 25.7 24.8 25.2 27.5 24.7 252
03:30 25.8 25.5 - - 255 2736 2629 247 255 25.8 24.8 252 26.8 247 252
04:00 252 25.6 245 25.5 255 2731 2552 242 249 25.5 24.8 25.1 26.4 24.6 25
04:30 26.4 25.5 - - 252 2721 252 - 24.6 252 243 252 264 24.6 25
05:00 25.6 25 - 254 249 2703 25.09 - 24.8 25.1 245 247 26.1 242 249
05:30 26.4 25 - - 251 2691 2477 - 249 25.8 24.6 24.9 26 24 245
06:00 243 247 24.4 25.1 255 2671 25.14 - 23.9 23.1 228 25 26.4 24.4 248
06:30 253 24.7 - - - 2643 2495 - 234 231 22 223 241 228 244
07:00 25.6 247 245 25.1 - 2621 24.07 - 24.1 225 221 229 263 21.9 22.6
07:30 26.1 25 - - - 2443 2434 - 245 23.1 228 227 25 21.1 223
08:00 26 24.8 24.4 25.1 - 25.65 | 23.67 - 24.8 24 236 226 25 214 | 219
08:30 264 | 246 - - - 2547 2398 - 24.6 24.1 23.4 227 252 21.7 224
09:00 25.7 24.8 243 25 - 2525 2448 - 243 23.8 23.6 22.9 254 221 23

D (max-min) 2 1 0.2 0.7 0.8 2.37 321 0.6 2.1 3.5 3 3.1 3.6 3.8 35

¥ T, Air temperature( C), 7.: Water temperature(C)

Observed data during typhoon HINNAMNOR(IS 00, 5~12:00, 6 Sep. 2022)
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