
Author’s Accepted Manuscript

Observing and estimating of intensive triad
interaction occurrence in very shallow water

Seyed Masoud Mahmoudof, Peyman Badiei, Seyed
Mostafa Siadatmousavi, Vahid Chegini

PII: S0278-4343(16)30191-1
DOI: http://dx.doi.org/10.1016/j.csr.2016.04.003
Reference: CSR3411

To appear in: Continental Shelf Research

Received date: 6 June 2015
Revised date: 31 March 2016
Accepted date: 8 April 2016

Cite this article as: Seyed Masoud Mahmoudof, Peyman Badiei, Seyed Mostafa
Siadatmousavi and Vahid Chegini, Observing and estimating of intensive triad
interaction occurrence in very shallow water, Continental Shelf Research,
http://dx.doi.org/10.1016/j.csr.2016.04.003

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/csr

http://www.elsevier.com/locate/csr
http://dx.doi.org/10.1016/j.csr.2016.04.003
http://dx.doi.org/10.1016/j.csr.2016.04.003


1 

 

Observing and estimating of intensive triad interaction 

occurrence in very shallow water 
 

Seyed Masoud Mahmoudof 
a*

, Peyman Badiei
a
, Seyed Mostafa Siadatmousavi

b
, Vahid Chegini

c 

 
a
 School of Civil Engineering, College of Engineering, University of Tehran, P.O. Box 11155-4563, Tehran, Iran 

b
 School of Civil Engineering, Iran University of Science & Technology, Narmak, Tehran, Iran, 1684613114 

c
 Iranian National Institute for Oceanography and Atmospheric Sciences (INIOAS), Tehran, Iran, 1411813389 

 

Abstract 

In this study, a series of field measurements were carried out to investigate triad interactions of spectral peak in near 

shore. The water level fluctuations were recorded at 5 stations with depths varying from 0.8 to 5 meters along a 

shore-perpendicular transect at sandy coasts of Nowshahr, located in the southern Caspian Sea coast. Two storms 

with significant wave height of approximately 1.4 m were observed during the measurement period. 

Using bispectral analysis, a new quantitative index is proposed to investigate temporal and spatial intensity of 

nonlinear interaction between spectral peak and other harmonics. The proposed index was evaluated for time series 

of water level data and compared with the bicoherence value of self-spectral peak triad interaction 

(SSPT); ),(2
pp ffb . Comparing to SSPT, the proposed new index includes all positive and negative triad 

interactions with spectral peak. The relative depth, dk p , of non-breaking waves varied from 0.25 to 2.00 along the 

transect during the study period, where pk is the wave-number and d is the water depth. In general, SSPT increased 

by decreasing dk p ; however, the results showed that in two shallow stations the maximum SSPT did not correspond 

to the lowest values of dk p . A considerable time lag was observed between occurrence of the most intensive triad 

interactions and termination of wave breaking in post storm condition. Furthermore, the intensive triad interactions 

happened several hours after the largest Ursell numbers of non-breaking waves.  
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1. Introduction 

As waves propagate toward shallow waters, orbital motions of particles are disturbed by sea bed and 

asymmetrical profile of surface waves are observed. As a result, waves become skewed and then 

asymmetrical and other consequent phenomena such as shoaling, breaking and triad interactions affect the 

wave profile and energy spectrum, significantly. 

One of the most important reasons for nonlinearity of waves is the second order interaction (triad) which 

is usually more evident in shallow water and can reach to resonant state before wave breaking in shoaling 

zone (Elgar et al., 1995). Also, waves can interact nonlinearly at higher order in deep waters. The freak 

waves are evaluated as a result of resonant third order nonlinear (Mori and Yasuda, 2000).  

Phillips (1960) showed theoretically, that the second-order Stokes wave is an outcome of a nonlinear 

interaction of two primary wave trains. Using laboratory experiments, Longuet-Higgins and Smith (1966) 

confirmed this theory. 
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