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Development of the Inter-tidal Exposure Duration Formulae
Using Tidal Harmonic Constants
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Abstract: A new formulae for the estimation of the exposure duration in the inter-tidal zone are developed. The
exposure duration is one of the most important factors influencing the habitat distribution of the benthic organisms.
The formulae can estimate the exposure duration only using the four major tidal harmonic constants available in
almost coastal areas. It is easier than the existing method using the frequency analysis of the hourly tidal elevation
data. The estimation results by using the formulae suggested in this study are compared with the value by using the
observed tidal elevation data analysis in the west coast, Korea. The mean RMS (root-mean squared) errors ranged
form 0.8 to 1.4%. It can be used to simply estimate the accurate exposure duration in the region not having the long-
term hourly tidal elevation data.

Keywords : inter-tidal zone, benthic organisms, exposure duration, tidal elevation, tidal harmonic constants
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Table 1. Information of the tidal gauging stations around the Korean west coast

Gauging Location Recording Missing periods
stations Latitude(N) Longitude(E) periods (Year, Month)
Incheon 37°26' 57" 126° 35' 39" 1999.01-2011.12 '08(9), '09(3,10-11), '10(3,7,9-10)
Ansan 37° 11' 22" 126° 38' 57" 2003.01-2011.12 '07(8), '08(7,12), '09(2,7,9,11), '10(1-3), '11(1-3,7-10)
0 1 =t 0 10! ~Q! '96, '97, '98, '99(1), '07(4,8-9), '08(4,7,8,10-12),
Pyungtaek 36° 57" 50 126” 49' 29 1993.01-2011.12 09(1-5.8-11), '10(1-2,4-6.8,12), '11(1-3.7-8,11-12)
Anheung 36° 40' 15" 126° 08' 03" 1987.01-2011.12 '06(7), '7(4,6,10-11), '09(2,8), '10(9)
Boryung 36°24' 13" 126°29' 17" 1986.01-2011.12  '05(12), '06, '07(9)
Kunsan 35" 58' 21" 126° 33' 55" 1981.01-2011.12 '88(4), '08(7-8,12), '09(1,7)
o nn 14" 0 411 92l '08(11-12), '09(1-2,4-8,10-11),
Janghang 36 00' 14 126" 41' 23 2006.03-2011.12 '10(4,10-12), '11(1-6,9-10,12)

. 0 gt an 0 1ol 1an ) '02(12), '03(1-3,6), '04(7-12), '05, '06(1-2,6-7,9-11),
Wido 35° 36' 54 126° 18' 14 1985.01-2011.12 109(4-6.8,10-12), '10(1.9,11-12), '11(1,8-12)
Yeonggwang 357 25' 23" 126° 25' 22" 2002.01-2011.12 ‘04, '07(12), '08(1,6,9,11), '10(1)

Mokpo 34° 46' 36" 126° 22' 39" 1956.01-2011.12 '57(1-6), '79, '86, '88, '08(7,9), '09(1,7)
Jindo 34°22' 28" 126° 18' 38" 2007.01-2011.12 '07(9), '08(6), '10(4-5,10,12), '11(4)
Dacheuksando ~ 34°40' 51" 125°26' 18" 1966.01-2011.12 66(1), '69G3-5), "72(5-7), "76(2), 99(3-4), '06(2), '07(2),

'08(12), '09(4-5,7,11)
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Table 2. Mean and four major harmonic constants of tidal elevation

data

Gauging MSL H, H, H, H'

stations (cm) (cm) (cm) (cm) (cm)
Incheon 461.72 285.60 114.85 2895 3893
Ansan 433.14 26043 109.29 34.17 42.85
Pyungtaek 485.37 27739 11626 35.13 4420
Anheung 356.17 21029 83.00 26,51 35.14
Boryung 393.19 228.52 8947 2681 3530
Kunsan 37494 215,67 8390 2624  34.49
Janghang 367.07 21629 86.87 30.59 38.18
Wido 33525 20429 7284 2244  30.79
Yeonggwang 34579 20237 7878  28.89 3691
Mokpo 24531 136.87 48.81 27.50 33.86
Jindo 205.92 96.79 3733 1498  25.63
Daeheuksando  187.02 105.15 3630 18.79  23.67

Aletglon, HA w2AIE 452 A=

7N 2 AdEe] BT ARNE] QA ¢ 57’ o
woll T2 47 w2 o] 889Ut Table 207= Bt &lw
MSLYZ} 47 % M,, S,, O,, K,2] Wbzl H  H

H' A A3E 423l

W

2 ZRIXES| NS £ H FX5
3 52004y AR NI 9
Aol AR vE 2709 Atz o] FH), 5 40
o wiZiAE 7P GMD g H 4] 3)= AlRbshith

38

pr(x) = %[f(X;;UI’ 01) T f(x; 1, 05)]

) é{a o el G)

el 42

AN, wy, wp, = 212 Fatell slldshs WIRE, o, 00 &
747} pEAtel| ks WiIHTRE uy, u, = 27 GMD
o) A5 AR 249 AR 1 AxA =
55 WA Ay} &R FHIE Fig 19 209, Fig. |
°] HWOST, HWONT, LWONT, LWOST:= 72} t %%
IS, AFHINTS], DB AL, B A 29
£ oJnlEh, dest sk agela EE5E &

B APt gto®, ZsPdarE o] 8-dh X9 wiiT S
o) o]2#Q ZAF Ak 3 5= Qi) AH LS 1Y 23]
%9] xAlo] QA& 2, Fig. 13} 220] HWONT, LWONT
ol A 22y kol vebd T

+

EEARE e Y 321

1200

« HWOST

@
(=]
o

600 « HWONT

N
o
o

« LWONT

Tidal level relative to DL(cm)

o

-200

o

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Hourly events

Fig. 1. Frequency diagram of the Incheon tidal gauging station.

Table 3. Optimal GMD parameters of tidal elevation data distribu-

tion

Gauging 2 2 o 2

stations (cm) (cm) (cm) (cm)
Incheon 649.25 275.72 136.24 145.18
Ansan 607.45 259.79 130.85 137.96
Pyungtaek 670.49 297.79 141.81 148.85
Anheung 495.99 216.35 99.60 104.26
Boryung 542.49 239.71 110.88 110.33
Kunsan 512.83 220.93 106.81 104.62
Janghang 517.14 227.20 108.86 109.46
Wido 465.97 209.12 97.59 93.48
Yeonggwang 479.37 211.52 102.86 97.22
Mokpo 328.62 153.71 71.69 90.17
Jindo 26725 135.25 56.56 64.78
Daeheuksando  256.86 121.60 54.52 53.98
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1.3457  0.5365  0.2027 —0.1096

c=1| 15793 04272 04549  0.9963 4)
-3.5554 -3.1057 -0.3631 —0.5643
5.0903 43971 09632  1.7997
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Fig. 2. Comparison plot of the parameters and the estimation error distribution ; (a) in case of using the M, and S, tidal harmonic constants,
(b) in case of using the four major tidal harmonic constants.
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