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Table 1 Internal wave amplitude inversion in part B and

part C of the South China Sea

NLS 2 NLS 3 KdV 2

B 51 55 6.2

/m
C 43 44 5.9

Orr  Mignerey( 2003)
0.17 W/m/m
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20—80 m. 3 NLS
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1995 8 —9
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SAR
5 o 2
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Table 2 Internal wave amplitude inversion of

each model in Marin Sea

2 3
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/m /m /m NLS NLS

A 500 227—303 49 18—33  34—44 37—49
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Fig.5 Internal waves SAR image and grey-scale map

SAR

NLS 3 NLS

SAR

NLS

: KdV.2



193

( References)

Benjamin T B. 1967. Internal waves of permanent form in fluids of great
depth. Journal of Fluid Mechanics 29(3): 559 -592 DOIL: 10.
1017/8002211206700103X

Fang X H and Du T. 2005. Fundamentals of Oceanic Internal Waves and
Internal Waves in the China Seas. Qingdao: Ocean University of
China Press ( . 2005.

)

Gan X L Huang W G YangJS Li XF Lou X L and Shi A Q. 2007.
The study of spatial and temporal distribution characteristics of inter—
nal waves in the South China Sea from multi-satellite data. Remote
Sensing Technology and Application 22(2): 242 —245 (

. 2007.

22(2): 242 -245)

Grimshaw R Pelinovsky E and Talipova T. 1999. Solitary wave transfor—
mation in a medium with sign-variable quadratic nonlinearity and
cubic nonlinearity. Physica D 132(1/2): 40 - 62 DOIL 10.
1016/S0167 —2789( 99) 00045 -7

Helfrich K R and Melville W K. 1986. On long nonlinear internal waves
over slope—shelf topography. Journal of Fluid Mechanics 167:
285 -308 DOI: 10.1017/S0022112086002823

Holloway P E Pelinovsky E Talipova T and Barnes B. 1997. A nonlin—
ear model of internal tide transformation on the Australian North
West Shelf. Journal of Physical Oceanography 27(6): 871 — 896

DOL: 10. 1175/1520 —0485( 1997) 027 <0871: ANMOIT >2.0. CO;2

Joseph R 1. 1977. Solitary waves in a finite depth fluid. Journal of Phys—
ics A: Mathematical and General 10( 12): 225 -227 DOL 10.
1088 /0305 —4470/10/12/002

Orr M H and Mignerey P C. 2003. Nonlinear internal waves in the South
China Sea: Observation of the conversion of depression internal
waves to elevation internal waves. Journal of Geophysical Research
108( C3) : 3064 DOI: 10.1029/2001JC001163

Sandstrom H and Elliott J A. 1984. Internal tide and solitons on the
Scotian Shelf: a nutrient pump at work. Journal of Geophysical
Research 89( C4) : 6415 -6426 DOIL: 10. 1029/JC089iC0O4p06415

Small ] Hallock Z Pavey G and Scott J. 1999. Observations of large
amplitude internal waves at the Malin Shelf edge during SESAME
1995. Continental Shelf Research 19( 11): 1389 - 1436 DOLI:
10.1016/S0278 —4343(99) 00023 -0

Song SY WangJ MengJM WangJ B and Hu P X. 2010. Nonlinear
Schrédinger equation for internal waves in deep sea. Acta Physica
Sinica 59(2): 1123 - 1129(

. 2010.
59(2): 1123 -1129)

Sun S M. 2002. Solitary internal waves in continuously stratified fluids of
great depth. Physica D 166( 1/2): 76 — 103 DOIL: 10. 1016/
S0167 —2789( 02) 00424 -4

XuZ T Shen G J and Shen S S. 2005. A correction of the 2D KdV
equation of Djordjevic & Redekopp in exponentially stratified fluid.
Acta Mechanica Sinica 21 (4): 346 — 352 DOL 10. 1007/
s10409 —005 - 0053 -7

Zha GZ HeY] YuT He QY and Shen H. 2012. The force exerted
on a cylindrical pile by ocean internal waves derived from nautical
X-band radar observations and in-situ buoyancy frequency data.
Ocean Engineering 41: 13 - 20 DOL 10. 1016/j. oceaneng.
2011.12.014

Nonlinear Schrodinger equation and parametric inversion of

internal wave propagation using three —layer model

WANG Jing' GUO Kai' SUN Meiling' MENG Junmin®

1. College of Information and Engineering Ocean University of China Qingdao 266100 China;
2. First Institute of Oceanography State Oceanic Administration (Qingdao 266061 China

Abstract: An internal wave is a common phenomenon that occurs in the pycnocline of the ocean. Its proprieties are closely related

with ocean parameters such as stratification. An internal wave is normally generated by tidal currents that encounter rough topogra—

phy at deep ocean. Many internal waves in the South China Sea ( SCS) have been detected from remote images; as a result

research on these waves has become popular in recent years. With the objective of exploring internal wave propagation and accurate

inversed internal wave parameters this study investigates a new model. The NonLinear Schriodinger ( NLS) equation is established

in a threedayer stratification configuration fluid as the theoretical model and the SAR remote sensing detective model is presented

based on the NLS equation. The inverse relation of the internal wave parameters is also proposed.

The threedayer NLS equation is based on the basic equations of fluid dynamics. Assuming that ocean water is stratified in a
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threedayer model the Laplace and Bernoulli formulas of hydromechanics are first used. By introducing the multiple scale and
perturbation expansion method the governing equation can then be transformed into the NLS equation. The analytic solution is also
obtained and the analysis of the physical significance of several parameters in the equation is provided.

The internal wave amplitude is inversed in the Dong Sha Atoll of the SCS and the Malin shelf edge of the United Kingdom to
verify the accuracy of the model. Inversion results are in accordance with the in situ measurement data. Moreover the results of the
threedayer NLS equation are more accurate than the twodayer models such as the KdV and twodayer NLS equation. This finding
proves that our NLS equation in a threedayer system is suitable for studying internal wave parameters.

The threedayer NLS equation is quite close to real ocean conditions. A clear view of internal waves can be obtained with this
model. The inversion results show that the threedayer NLS equation is more suitable for studying internal waves in the SCS and
Malin shelf areas than the two-ayers models.

Key words: internal wave threedayer model mnonlinear Schrodinger equation parameter inversion



