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The Regional Classification of Tidal Regime using Characteristics of
Astronomical Tides, Overtides and Compound Tides
in the Han River Estuary, Gyeonggi Bay
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Abstract : In this study, we investigate tidal wave propagation characteristics, and classify regional tidal regime
using tidal form number considered distribution of astronomical tide, overtides, and compound tides in the Han
River Estuary, Gyeonggi Bay. The characteristics of the tidal wave propagation in main channels show dominance
of major tidal constituents (e.g.,M,,S,,N,,K; and O,) contributing to the astronomical tide however, distinct
increasing of shallow water (e.g., M,) and long period (e.g., MS)) components toward up-estuary. Using the
characteristics of tidal form number to astronomical tide, overtides, and compound tides, the regional tidal regime
could be assorted into three regions. Firstly, a dominance area of astronomical tide was presented from open sea to
a front of Incheon Harbor (Yeomha channel) and to north entrance of Seokmo channel. The area between south and
north entrance of Yeomha channel and Ganghaw north channel classified into zone of showing strong shallow water
components. It could be separated into upper estuary, upstream the Singok underwater dam, showed dominance of
shallow overtides (e.g., M, and MS,) water and long-term compound tides (e.g., MS)) larger magnitude than
astronomical tide. The shallow water components was earlier generated in lower part (south entrance) of Yeomha
channel have strong bottom by effect of shallower and narrower compared with Seokmo channel. Tidal asymmetries
of upper estuary cause by a development of overtides and compound tides are mainly controlled by influence of

man-made structure.
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Fig. 1. Topographic map of the study area with 5 (thin black line)
and 30 m (gray line) isobaths. The observation points for
tide (T1-T20, black circles) and for current (C1, C4—C6,
x symbols) are shown around Gyeonggi Bay. The shaded
areas (light gray) indicate intertidal flats.
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Table 1. Amplitudes (a, unit: cm) and phase (g, unit: degree) of the significant tidal constituents for T1-T20 station. Tidal regime calculated from tidal components

Tidal components (T1-T20 station in Fig. 1)

Tidal regime (%)

Long-term period Diurnal Semi-diurnal Fourth-diurnal
St M, MS, 0, K, N, M, S, M, MS, F Fup F,p R
a g a g a g a g a g a g a g a g a g
Tl 57 1255 09 198.0 26.6 2595 37.5 2883 441 1002 2432 1109 990 1603 35 1203 3.0 1174 0.19 0.019 0.019 0.014
T2 27 2380 1.6 2443 30.8 2625 486 309.8 592 1022 261.7 1246 842 1994 42 1251 34 2014 0.23 0.022 0.012 0.016
T3 21 2646 09 2188 31.7 2634 488 310.7 62.6 1060 2764 1272 879 2014 53 1191 40 2002 0.22 0.025 0.008 0.019
T4 1.7 1646 15 155 297 2650 39.6 3032 533 111.0 2885 1313 1148 1887 6.6 1254 60 1894 0.17 0.031 0.008 0.023
TS 30 1753 1.0 3394 301 2645 399 3034 53.1 1124 2889 1314 1173 1874 62 1195 55 1945 0.17 0.029 0.010 0.021
T6 40 2912 07 90.1 312 2675 486 3147 o642 1114 2832 1338 91.6 2104 47 1161 3.7 1938 0.21 0.022 0.012 0.016
T7 35 1912 34 848 309 2672 488 3155 659 1136 290.0 1355 912 2127 44 1450 3.6 2218 0.21 0.021 0.018 0.015
T8 11.7 164 284 563 221 271.7 27.8 3198 320 1562 2043 1789 733 2428 285 305.7 233 53 0.18 0.186 0.144 0.140
T9 24 3573 22 553 298 2618 473 309.7 561 1025 2405 1253 764 2002 3.6 942 27 1732 0.24 0.02 0.145 0.015
TIO 19 2544 0.6 1988 31.5 2652 489 3132 629 1104 2771 1319 874 2066 13 2102 15 2565 0.22 0.01 0.007 0.005
Ti1 1.1 2071 0.8 781 309 268.6 49.1 3177 625 1186 279.0 1409 8.7 2179 105 197.1 80 2676 022 0.05 0.005 0.038
T2 143 523 50 876 286 2717 379 3182 532 1313 2731 1488 102.0 213.0 149 2293 144 2732 0.18 0.08 0.052 0.055
TI3 396 854 109 659 265 2676 343 3220 523 136.6 2649 1495 96.5 2182 219 2474 207 292.1 0.17 0.12 0.140 0.083
T4 163 3180 56 196 274 2705 360 3197 532 1332 2650 1504 934 216.1 198 2414 18.1 2853 0.18 0.11 0.061 0.075
TI5 94 277 323 546 209 2787 284 3264 357 1673 2029 191.6 709 2544 355 322.7 287 217 0.18 0.23 0.152 0.175
Ti6 122 948 525 812 157 3039 205 3454 133 1987 1049 2416 403 3103 31.8 580 290 1171 0.25 0.42 0.445 0.303
T17 208 1.0 526 2214 154 301.1 149 05 123 2226 680 2587 254 3088 233 964 169 1459 032 0.43 0.786 0.343
TI8 118 319 226 1161 88 2705 53 9.3 43 2409 159 2725 120 3399 41 1148 36 1918 0.51 0.28 1.233 0.258
TI9 63 312 208 630 48 3112 54 3570 35 25%.6 123 2812 86 3388 36 1364 33 1903 0.49 0.33 1.297 0.290
T20 9.1 213 216 601 51 3157 55 287 43 2698 114 2919 77 3458 40 1720 35 2322 0.55 0.39 1.607 0.351
¥ F: tidal form number (Eq. 1), Fjp: fourth-diurnal tidal form number (Eq. 2), F,p: long-term period tidal form number (Eq. 3), and R: amplitude ratio (H, MA/I—L Mz)
Table 2. Amplitudes (g, unit: cm) and phase (g, unit: degree) of the significant tidal constituents for T1-T20 station. Tidal regime calculated from tidal components
Tidal components (C1, C4—C6 station in Fig. 1) Tidal regime (%)
Long-term period Diurnal Semi-diurnal Fourth-diurnal
St MS; 0, K M, S, M, MS, F Frp Fpp R
a g a g a g a g a g a g a g

Cl1 4.5 218.6 42 193.9 6.8 230.0 89.1 69.2 34.1 115.8 5.7 260.9 2.8 298.1 0.09 0.07 0.037 0.06
C4 54 2173 2.5 175.7 5.7 222.0 111.4 86.1 38.9 132.7 8.0 2249 6.4 254.6 0.05 0.10 0.036 0.07
C5 2.6 243.1 34 134.4 44 204.9 80.6 84.2 20.0 142.9 15.4 212.6 9.6 266.4 0.08 0.25 0.026 0.19
C6 154 27.5 49 327.1 4.1 92.5 773 350.6 17.9 434 434 188.5 16.2 2334 0.09 0.63 0.162 0.56

% [ tidal form number (Eq. 1), Fyp: fourth-diurnal tidal form number (Eq. 2), F,: long-term period tidal form number (Eq. 3), and R: amplitude ratio (HM/ H, Mz)
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Fig. 2. Stick diagram of tidal current stations (C1, C4, CS5, and C6 in Fig. 1). A gray box is for all common periods of Dec. 2~16, 2005.
This figure adapted with permission from Song and Woo (2011, Fig. 3).
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Table 3. The regional classification by tidal regime
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Region Station F Frp Fip R ;:)1;:1;2:1
S1 T1-T6 Semi-diurnal Weakly Weakly 0.1< Mixed
S2 T9-T14 Semi-diurnal Weakly Weakly 0.1<
S3 T7, T8 Semi-diurnal Strongly Strongly 0.1~0.2 Almost standing
S4 T15-T16 Semi-diurnal Very Strongly Strongly 0.2~0.3 Mixed
S5 T16-T20  Mixed mainly semi-diurnal Strongly Very 0.3>

strongly
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=4 e /), 71 24 GET (Fp), T 24
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fHo8 neig 2AAAE ol gstel F71% sle) W &
S A1 9)& R F8kSAT (Table 3). 7% 19} Fig. 59
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Fig. 5. The variation of tidal form number (F; black solid line),
fourth-diurnal tidal form number (Fy; black dotted line),
and long-term period tidal form number (£, ; gray solid
line) along the (a) Yeomha channel (YHC) and (b) Seokmo
channel (SMC). Tidal constituent stations (reverse triangles)
and regional classifications of tidal regime (both arrows) are
marked along the distance in the top of figures.
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Fig. 6. Cross correlation of the along-channel component between

C1—-C4 (black line), C4—C5 (dotted line), and C5—-C6 (gray

line). X-axis indicted lag of time with respect to maximum
flood current between each tidal current station.
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4 2011). A3t 5K o] 27m (K vRE ¥l EL.
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F 1 (EL. 6.2 m)elA AT} (Yoon and Woo, 2012b).
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Fig. 7. Hysteresis diagram of (C1-T6, thick black line), (C4-T7, TR AEE A 79 omE ARkl 9l Al
dotted black line), (C5—T8, dotted gray line), and (C6— T AUTE S, AAlE tlx7] e F27] o)de Aol X

T16, thick gray line) for M, + M, components. The posi- QE1S wul A 2Ao] AujE]7] wjol AljRo g Al

tive elevation (current) means high tide (flood current).
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This figure adapted with permission from Yoon and Woo 5 TEE el B (g, MSE AR AR A

(2012, Fig. 10). Hr}.
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Fig. 8. Water levels at the Haengju Bridge near the Singok underwater dam (SUD) during June, 1985 (gray line) and June, 2008 (black line)
under normal freshwater discharge condition. Gray (year 1985) and black (year 2008) bar chart indicate freshwater discharge rate refer
to Paldang dam (60 km upstream from SUD).
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