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Analysis on the Characteristics of the Infra-Gravity Waves inside and outside

Pohang New Harbor using a Transfer Function Model
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Abstract : Infra-gravity waves (IGWs) with a period of 1~3 minutes are a factor that directly influences the motion
analysis of moored ships inside a harbor and longshore sediment transport analysis. If significant levels of IGWs
from far seas are transferred to a harbor and amplified, they may cause downtime of large ships and induce
economic loss. In this study, transfer characteristics of the IGWs intruding from outside to inside Pohang New
Harbor were analyzed using statistical analysis and transfer function of wave data measured at both outside and
inside the harbor for around 5 years. Transfer characteristic analysis was limited to events where IGWs had wave
heights above 0.1 m. The wave height distribution of inside the harbor was similar to that of outside the harbor,
while the wave period variance of the former was larger than that of the latter. The parameters of the transfer
function was optimally estimated according to each event. The estimated average RMS error of the wave height
inside the harbor was around 0.013 m. The estimated parameters had a strong correlation with the linear
combination information of IGW wave height, period, and direction (R = 0.95). The transfer function suggested in
this study can quickly and easily estimate information on IGWs inside the harbor using IGW information predicted
beforehand, and is expected to reduce damage due to unexpected restrictions on harbor usage.

Keywords : infra-gravity waves (IGWs), inside and outside a harbor, Pohang New Harbor, wave period distribu-
tion, transfer function
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Table 2. Basic statistical information of the IGW wave monitoring data
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Table 1. Basic information of the wave stations

Water depth

Station Latitude Longitude
(m)
AWAC 36°0521.9'N  129°2821.2"E 24.5
W02 36°02'16.7'N  129°27'12.1"E 21.6
W06 36°00'49.8"N  129°23'55.9"E 10.0

Fig. 1. Location map of the wave monitoring stations.

Items and stations Mean Median Mode SD IQR (6\%
OH 0.0203 0.0128 0.0074 0.0222 0.0167 1.094

Wave height (m)
IH 0.0183 0.0146 0.0083 0.0139 0.0136 0.760
OH 59.27 54.70 49.18 1491 18.28 0.25

Wave period (s)
IH 68.08 65.48 56.11 14.03 22.66 0.21

Ref. OH, IH = outside and inside a harbor; SD, IQR, and CV are standard deviation, inter-quartile range, and coefficient of variation, respectively.
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Table 3. List of the significant IGW conditions (over 0.1 m)
Event Max. IGW IGW Wave

o, Time height period direction

(m) (s) (°N, CW)

12009 01/13 18:00 0.101 81.7 33

2 2009 04/26 16:30 0.137 81.9 43

3 2009 11/02 12:00 0.119 89.2 -

4 2009 11/10 21:30 0.153 81.2 -

5 2011 01/01 00:00 0.291 104.6 49

6 2011 01/16 21:30 0.101 77.4 41

7 2011 04/19 01:30 0.126 107.4 -

8 2012 04/03 22:30 0.127 93.4 17

9 2013 02/08 09:00 0.203 98.2 27

10 2013 03/02 16:30 0.102 65.6 26

11 2013 04/07 00:00 0.113 77.0 32
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Fig. 2. Time-series plots of the infra-gravity wave data inside and outside the Pohang New Harbor (upper and lower panels = W02 and W06

stations, respectively).

(bandwidth parameter)®]”] Wlit-ol] FXFE|7} EALHZH o]
1= w77} 27l (starting point, bin numbers)cﬂ iasih]
] 2 (histogram) Xt} #-2] 3Fth(Silverman, 1998). Kernel &
G20 A w75 (hy= Gauss FE8E 2ol o) 2
o] AR 9 HEHALe} 9] = AAFE thSilverman,
1998).
h=1.066n" (7)
o]7]A & =Robust 74 EFH2H=Median(|x,— Median(x;)| )
/0.6745), Median(x)) = A& x2] 34k, n=2k=2] 7]tk

=83} A8 = Gk Y9ol e Ag o B 7HEEE A
719l dEEH= 2008 92 1UHFE] 20139 4¥ 300714 <]
7131l ikl TAIEFITE. Fig. 2(a)ellA] & 5= = ks &
o] Fuk ol X o] iz} ik o) tellA o] skar kTl XA
R Qlct. gelellr 9 9lFeutare] x| 2011 1
2199 039m, FHGH Wosol A 2] HhAE 029 mE

AAEet 98 Fig. 2(b)2] 7715 B¥, vk 9=
50~17029] 1 W <lo] AA B¥als LS wo|w
w}, 3 U= 50~100% Ato]e] W9l® F7] 9edo] F8l
SHA] AlskE] ar Qlet. $HA Kernel 5 o]&-3t
S(Fig. 3 27)2 B, 9189} a9 A9 A= SA1s

ol_q

=]
TR S

)



ALst B8E o] get IAE U - 919 FEs 54 B4 135
60
. Outside the Harbour
50 PR\ Inside the harbour
40
% 30
£
20
10 i
06/ 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Wawe Height (m)
0.06 :
Outside the Harbour
0.05 Inside the harbour
0.04 :
- |
E 0.03 :
: |
0.02 N !
|
30 — 50 60 70 80 90 100 o
Wawe Period (s)
Fig. 3. Probability distribution function of the wave data inside and outside the Pohang New Harbor.
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Fig. 4. Auto- and cross-correlation functions plot of the wave data inside and outside the Pohang New Harbor. (blue hair line = 95% con-

fidence limits, blue thick line = e-folding line)

Table 4. BIC values for the model orders

Order Event nos Selection
1 5 11
1 -9.49 -6.72 -8.32
2 -9.37 -7.11 -8.39 * (Min. BIC)
3 -9.31 -7.00 -8.33
4 -9.13 -6.95 -8.27
5 -8.97 -6.87 -8.17
6 -8.81 -6.75 -8.12
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Table 5. Optimal parameters and RMS error of the transfer func-

tion model
Event 1o, Optimal parameters Errors
BO Bl RMSE DMWH
1 0.5403 0.1167 0.007 0.017
2 04175 0.2076 0.012 0.026
3 0.7869 -0.1094 0.012 -0.001
4 0.7998 -0.2274 0.009 0.005
5 1.1430 -0.5323 0.024 -0.000
6 0.6352 -0.0068 0.009 0.004
8 0.5661 0.0517 0.014 -0.004
9 0.8980 -0.2451 0.022 0.031
10 0.6175 0.0355 0.007 -0.004
11 0.9525 -0.3064 0.013 -0.016
Mean 0.7357 -0.1016 0.013 0.006

Ref. RMSE = a root mean-squared error,
DMWH = a Difference between the observed and estimated Max-
imum Wave Heights.
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Table 6. Parameter information of the transfer function model
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) —
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