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ABSTRACT 

This paper presents a method of retrieving the amplitude of 
oceanic internal solitary wave (ISW), from synthetic aperture 
radar (SAR) data, and preliminary results obtained in the East/ 
Japan Sea off the east coast of Korean Peninsula.  The retrieval 
algorithms include the small perturbation method (SPM) for 
microwave backscatter, the action balance equation (ABE) for 
describing the interaction between wind-generated ocean waves 
and varying surface current, and also the Korteweg-deVries 
(KdV) (non-linear partial differential) equation for describing 
the surface current variation induced by an internal soliton.  
The radar cross section (RCS) was computed, and the ISW am- 
plitude was estimated by fitting the RCS ratio to the SAR image 
of ISWs acquired by RADARSAT-1 through the ABE and KdV.  
Assuming that ISWs propagate along an isotherm between 
5C and 10C as a boundary between upper and lower layers, 
ISW amplitude was estimated in the range of 12.5 m~52.5 m.  
Although no in-situ data are available to validate the results, 
this study is the first of its kind to obtain the underwater in-
formation by SAR in the east coast of Korea. 

I. INTRODUCTION 

Satellite remote sensing has been widely used to measure the 
physical properties of ocean because of its wide and repeated 

coverage.  Among many satellite sensors, synthetic aperture radar 
(SAR) is considered as one of the most effective sensors for its 
all-weather and day-and-night data acquisition capability (Moreira 
et al., 2013).  The penetration depth of microwave into sea water 
is a few millimeters or less, and therefore SAR does not directly 
image underwater phenomena.  However, underwater phenomena 
such as internal waves (IWs) are often observed by SAR through 
the difference in sea surface roughness induced by the hydro-
dynamic interaction between the wind waves and varying surface 
current, and the surface current variation in turn is caused by 
underwater dynamics (Alpers and Hennings, 1984; Lyzenga  
et al., 2004).  While direct measurement of IW properties by 
thermistor chains and current meters is accurate with limited 
spatial coverage, measurement by SAR remote sensing is able 
to provide a wide coverage (order of tens to several hundred 
kilometers) of IWs. 

The oceanic IWs are produced in the interior of the ocean 
and propagate along a pycnocline (Jackson, 2004; Li et al., 
2011; Jackson et al., 2012).  The oceanic IWs are generated, in 
general, by the interaction between the bottom topography with 
tidal currents (Nycander, 2005), and retain their shape (known 
as a solitary wave or soliton) for a long period of time.  The 
internal solitary waves (ISWs or solitons) are a particular type 
of IWs and they appear often in nature as an isolated wave or 
packets of oscillations with several cycles varying from a few 
to a few dozens.  The wave packets show the dominant features 
including non-sinusoidal oscillations, nonlinear, mainly down-
ward displacements, and rank-ordered amplitude, wavelength 
and crest length, and also they appear as quasi-linear stripes in 
satellite image (Apel, 2002).  IWs are one of the important un- 
derwater phenomena because of their strong impact on the energy 
transport (Apel, 2002; Alford, 2003; Nycander, 2005; Pomar 
et al., 2012; Muacho et al., 2013), nutrient mixing, sediment re- 
suspension, sonar systems, and also underwater communication 
(Zhou and Zhang, 1991; Hyder et al., 2005). 

The generation and propagation properties of IWs in the East/ 
Japan Sea have been studied by several researchers.  There are 
two types of IWs generated by different mechanisms.  The first 
type is the wind-induced near-inertial IW.  In May 1999, Kim 
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et al. (2001) measured several packets of IWs off the east coast 
of Korea with the water depth of 100 m~120 m using Acoustic 
Doppler Current Profiler (ADCP).  They found that the IWs 
had a time period of 19 hours and this period is close to the 
local inertial frequency rather than the tidal period, and the 
maximum displacement of solitary IW reached about 21 m.  
Kim et al. (2005) reproduced the IWs using a linear model, 
showing that the waves observed off the East Coast of Korea 
between April 25 and June 27 were driven by the local wind 
stress.  Kim et al. (2005) observed the IWs generated by wind- 
induced near-inertial waves in the mid-western part of the 
East/Japan Sea in May 2004 using an ENVISAT ASAR image.  
The second type of IWs is associated with the internal tide.  
Lie et al. (1992) observed the semi-diurnal internal tides with 
the amplitude of 10 m in the water depth of 50 m using a ther- 
mistor chain in summer of 1980 off Jukbyun on the mid-east 
coast of Korea.  From June 1999 to July 2001, an experiment 
of continuous acoustic travel-time measurement was conducted 
using an array of 23 pressure-sensor-equipped inverted echo 
sounders (PIES) and semidiurnal internal tides were observed.  
From this experiment, Park and Watts (2006) observed the 
internal tide with a vertical displacement of the 5C isotherm 
reaching up to 25 m around 35.8N and 130.5E.  Note that the 
IW amplitude can be approximately estimated as the half of the 
vertical displacement.  Park and Watts (2006) also found that a 
warm (and cold) eddy affects the path of internal tide propa-
gation as demonstrated using a SAR image taken in September 
1996 by Nam and Park (2008).  In September 2012, Jeon et al. 
(2014) observed internal tides at a continental shelf-slope re-
gion around the northern entrance of the Korea Strait (35.62N, 
130.03E), and the maximum displacement of 5C isotherm 
was 70 m.  From the previous studies, the varied amplitudes of 
IW were observed, and they inferred that the maximum am-
plitude of IWs was observed near a continental shelf-slope re- 
gion and it decreased as getting away from that region.  Among 
others, understanding of IWs in the East/Japan Sea is an impor-
tant issue, but to interpret ISWs using microwave scattering 
models and SAR images, further studies are required. 

In this study, preliminary results are presented on the estima-
tion of ISW amplitude from a SAR image using the small per- 
turbation method (SPM) for modeling radar backscatter (Rice, 
1951; Wright, 1968; Ulaby et al., 1982; Yang et al., 2010; Demir 
et al., 2012), the action balance equation (ABE) to describe the 
waveheight spectrum perturbed by varying surface currents 
(Hughes, 1978; Lamy et al., 2004; Ding and Wang 2011), and 
the Korteweg-deVries (KdV) equation to relate the IW dynamics 
to the near-surface currents (Korteweg and de Vries, 1895; Os- 
borne and Burch, 1980; Zheng et al., 2001; Chen et al., 2011).  
First, the parameters entering the solution, i.e., a form of soliton, 
of the KdV equation including the water densities and water 
depths are obtained from external sources, and the surface cur- 
rent velocity induced by the ISW is computed.  The radar cross 
section (RCS) from the sea surface in the presence of the varying 
current is then computed using the Phillips spectrum and the 
SPM.  Finally, the computed RCS is compared with the SAR 

image of ISW acquired by RADARSAT-1 in the east coast of 
Korean Peninsula.  The amplitudes of ISW are computed by fit- 
ting the RCS ratio computed by the SPM to the SAR image of 
ISW. 

This paper is organized as follows.  In section 2, the basic 
theory is described including the SPM, the waveheight spectrum 
perturbed by a varying surface current using the ABE and the 
internal soliton based on the KdV equation.  In section 3, the ex- 
perimental site, SAR data, and method to estimated ISW am-
plitude are presented.  In section 4, results with discussions are 
presented followed by conclusions. 

II. COMPUTATION OF  
THE SAR IMAGE MODULATION 

1. Small Perturbation Method 

Apart from manmade objects above sea surface and sea sprays 
associated with whitecaps, the dominant radar backscatter from 
the sea surface is surface scattering, and several scattering theo- 
ries have been proposed (Valenzuela, 1968; Ulaby et al., 1982).  
Among these models, a simplest method is the Bragg-based SPM 
(Rice, 1951; Wright, 1968) in which the scattering surface is 
assumed to be slightly rough in comparison with the radar wave- 
length and the local slope is small compared with local radii of 
surface curvature.  The backscatter RCS based on the SPM is 
defined as 

  
24 4( ) 8 cos ( ) ( ) ( ) ,SPM
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where mn (m, n  {H, V}) is the RCS of mn polarization, i is 
the incidence angle, kr = 2  / is� the radar wave-number,  is 
the wavelength, kB = 2kr sini is the Bragg wavenumber,  is 

the wavegheight spectrum, and SPM
mng is the Fresnel reflection 

coefficient defined by 
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where r is the complex permittivity of the sea water.  For the 
sea water of salinity 35 psu at 20C, it is given by r = 65  36i 
for C-band microwave (Klein and Swift, 1977).  Thus, in the 
SPM, the principal scatterers are the small-scale ocean waves 
that satisfy the Bragg resonance condition, and the backscatter 
RCS can be computed once the waveheight spectrum per-
turbed by varying surface currents is known. 
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2. Perturbed Waveheight Spectrum 

In the presence of spatially and temporally varying currents 
induced by ISWs, the ambient waveheight spectrum is perturbed, 
and their hydrodynamic interaction can be described by the ABE 
(Hughes, 1978) 

 ( ; , ) ( ; , ),N t S t
t

              
k r k r

k r r k
 (3) 

where k is the wave number vector of ocean surface waves,  
r is the position vector, and t is the time variable.  In this ABE, 
N(k; r, t) is the action spectrum and S(k; r, t) is the source func- 
tion which describes wave growth and dissipation.  (k; r, t) 
is the apparent wave angular frequency as measured in a frame 
moving with the current field U(r, t), which is given by (k; 
r, t) = 0(k)  k  U(r, t), where 0 is the intrinsic frequency of 

ocean waves in the local rest frame given by 2 3
0 ( )k gk k   , 

where g(= 9.8 m/s2) is the gravitational acceleration, and (= 
7.4  10-5 m3/s2) is the ratio of the surface tension to the den-
sity of water.  To a first order, Eq. (3) has a solution (Hughes, 
1978; Alpers and Hennings, 1984) 
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where N0 is the action spectrum at equilibrium state, and 
2 2

*( ) = 0.04 ( ) / ( )k u k  k  is the relaxation rate of the 
waves of wave vector k with u* being the friction velocity 
given by (Amorocho and de Vries, 1980) 
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where W is the wind speed at 10 m height above sea surface, 
and () = cos(  W) is the directional dependence of  on 
the wind direction of angle W of wind vector W and  is the 
angle of k.  The action spectrum is related to the waveheight 
spectrum  by N = (0 /k) and N0 = (0 /k)0, where 0 is  
the ambient waveheight spectrum.  By substituting  and 0 in 
Eq. (4), and differentiating in parts, the following equation can 
be obtained. 
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where k̂  is the unit vector of k, cp(k) = 0(k)/k is the wave 
phase velocity, and cg(k) = 0(k)/k is the wave group velocity.  
This is the result of Alpers and Hennings (1984), and used by 
Holliday et al. (1986) for comparison between the Bragg and 

Kirchhoff scattering models.  In order to advance further, the 
following Phillips spectrum is considered as the equilibrium 
wave height spectrum. 
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where k0 = g/W2.  Eq. (6) then becomes 
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which is the general result for the waveheight spectrum perturbed 
by a slowly-varying current U. 

3. Varying Surface Current Induced by ISW:  
KdV Equation 

An oceanic IW in a two-layer ocean can be described with a 
dimensional form of the KdV equation.  From the KdV equa-
tion, the horizontal current velocity induced by ISW near the 
sea surface can be described as (Osborne and Burch, 1980; 
Zheng et al., 2001) 

 2
0( , ) sec h ,

Vt
t u
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r
U r  (9) 

where 

 0 0 0 1/u c h  (10) 

is the peak current speed, 0 is soliton amplitude, 
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is the linear phase speed, h1 and h2 are the thickness of the upper 
and lower layers respectively, and 1 and 2 are the uniform 
water density of the upper and lower layers respectively.  In  
Eq. (9), V = c0  (0/3) is the nonlinear soliton velocity and 
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2
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where  and  are the dispersion and nonlinear coefficient 
respectively.   and  read 
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III. DATA AND METHOD 

The proposed method is a combination of the KdV, ABE, and 
SPM to estimate the ISW amplitude.  Detail algorithm flow is  
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Fig. 1.  Flow chart to estimate the IW amplitude. 

 
 

presented in Fig. 1.  In order to estimate the ISW amplitude, the 
information of water densities, pycnocline depth, water depth, 
wind speed, wind direction, radar frequency and incidence angle 
is needed.  The SAR data used in this study were acquired by 
RADARSAT-1 SAR (Extended low beam mode) over the east 
coast of the Korean Peninsula at 21:37 (UTC) on the 5 of July 
2000 as shown in Fig. 2.  The frequency and polarization com- 
bination are 5.3 GHz (C-band) and HH-polarization respectively.  
In the SAR image, ISW used in this study appears to propagate 
northward from the Strait of Korea to Ulleung Basin.  As we 
mentioned above, there are two different mechanisms for IW 
generation off the east coast of Korean Peninsula: those gener-
ated by wind-induced near-inertial wave (Kim et al., 2001; Kim 
et al., 2005) and those originated in internal tide (Lie et al., 1992; 

Park and Watts, 2006; Nam and Park, 2008; Jeon et al., 2014).  
In Fig. 2(b), we can faintly see the ISW group (around 36.8N) 
that is presumed to have been generated earlier than the ISW 
of interest (black square box) in this paper.  The distance between 
two ISW groups is approximately 63 km.  If we assume that the 
ISW propagation speed is 1.5 m/s, the generation period of ISWs 
is 11.6 hours close to the semi-diurnal period (12.42 hours) rather 
than near-inertial period (~20 hours).  It is also confirmed that 
those ISWs were generated by the spring tide in the Korea Strait.  
Fig. 3 shows the tidal elevation in the Korea Strait (longitude: 
130.0E, latitude: 36.6N) from 20 June 2000 to 21 July 2000 
obtained from the OSU Tidal Data Inversion (Egbert and Ero-
feeva, 2002).  Since the ISWs are observed approximately 95 
km off the Korea Strait before 17.6 hours from the SAR obser- 
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Fig. 2. Location of the experimental test site (a), RADARSAT-1 SAR image of ISWs over the east coast of the Korean Peninsula (b), and enlarged 

image (c).  The ISW signature in the black box is used for analyses. 
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Fig. 3. Tidal elevations in Korea Strait (longitude: 130°E; latitude: 35.6°N) 

from 20 June 2000 to 21 July 2000. 

 
 

vation time, it is certain that they were generated by the spring 
tide.  Fig. 2(c) shows the SAR image of several ISW packets and 
there are bright areas in the front followed by dark areas in the 
direction of propagation.  This is a typical feature of depression 
ISWs, where the upper layer or pycnocline depth (h1) is smaller 
than the lower layer depth (h2) in the stratified ocean (Liu et al., 
1998).  In the present study, the image modulation in the black 
rectangle area in Fig. 2(c) is examined for its strong modula-
tion and straight feature of ISW signature.  Front and rear 39 pixels 
(1,181.817 m) from the center of crest along the propagation 
direction are selected for the analyses with 30.3 m resolution.  
The individual pixel values along the propagation direction are 
shown in Fig. 4(a) as gray lines with their mean by a solid black 
line.  For comparison with the RCS computed by the SPM, the 
mean pixel values are converted to the RCS, and normalized 
by the mean pixel values of ambient sea surface areas where 
ISWs are absent.  The normalized and smoothed RCS by a moving 
window of 11 pixels is shown in Fig. 4(b). 

Given the parameters of wind and ocean, the backscatter RCS 
can be calculated and compared with the SAR image.  There are 
several other unknown parameters that need to be assumed or 
provided from external sources.  In the following, water tem- 
perature and the densities (1 and 2) by the Hybrid Coordinate 
Ocean Model (HYCOM) data based on the Navy Coupled Ocean 
Data Assimilation (NCODA) system for data assimilation are 
utilized in order to simulate the ISW using the KdV equation.  
Fig. 5(a) shows the profiles of water temperature, density and  
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Fig. 4. Profiles of ISW in the propagation direction at ROI (a) and the 

representative RCS ratio of ISW (b). 

 
 

buoyancy frequency (longitude: 130.5E; latitude: 36.3N) 
obtained from HYCOM.  It can be seen that the temperature is 
steadily decreased up to the water depth of 200 m with the in- 
creasing water density.  The buoyancy frequency is the maxi- 
mum at the water depth of 16 m.  We cannot exactly define the 
upper layer depth since the temperature profile in Fig. 5(a) shows  
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Fig. 5. Profiles of water temperature, density and buoyancy frequency (longitude: 130.5°E; latitude: 36.3°N) (a), the distributions of water temperature at 

50 m and 100 m depths (b), and the vertical distribution of water temperature from 34.3°N to 38.9°N at longitude of 130.5°E (c).  The solid 
contour represents 5°C and 10°C isotherms. 

 
 

the stratified ocean structure that is typical in summer season.  
Park and Watts (2006) and Jeon et al. (2014) used the 5C 
isotherm as a boundary for the surface and intermediate waters 
in East/Japan Sea, and Kim et al. (2001) examined the amplitude 
of ISWs using the 10C isotherm.  In this study, the 5C and 
10C isotherms were examined for a boundary of upper and lower 

layers.  Fig. 5(b) describes the distributions of water tempera-
ture at 50 m and 100 m depths, showing that Ulleung Warm 
Eddy (UWE) is isolated at around 37.0N, 130.5E, and rela-
tively cold water is existed in the southern Korea Strait.  Fig. 5(c) 
is the vertical distribution of water temperature from 34.3N to 
38.9N at longitude of 130.5E, and the solid contours represent  



1200 Journal of Marine Science and Technology, Vol. 24, No. 6 (2016 ) 

 

Table 1.  The summary of input parameters. 

Input parameters [units] Values 

Water depth [m] 1800 
Upper layer depth [m] 52/102 

Density of upper layer [kg m-3] 1024.90/1026.02 
Density of lower layer [kg m-3] 1028.06/1028.26 

Wind speed [m s-1] 2.3 
Relative wind direction [] 9 
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Fig. 6. The wind directions, water depth, and ISW crest lines at the SAR observation time.  The arrows represents wind vector that superimposed on 

the water depth field. 

 
 

5C and 10C isotherms.  This figure shows the 5C and 10C 
isotherms are moved upward at around 36.3N due to the iso- 
lation of UWE and inflow of cold water from the east coast of 
Korea.  The upper layer depths (h1) estimated by depths of 5C 
and 10C were 102 m and 52 m respectively at 36.3N, 130.5E. 

Ocean wind data with a resolution of 0.25 was obtained 
from the cross-calibrated multi-platform ocean surface wind 
vector data derived under the Cross-Calibrated Multi-Platform 
(CCMP) project and contain a value-added 6-hourly gridded 
analysis of ocean surface winds (Atlas et al., 2011), and the 
water depth(h = h1  h2) with a high resolution of 0.0083 was 
acquired from the General Bathymetric Chart of the Ocean 
(GEBCO, http://www.gebco.net/).  Fig. 6 shows the wind direc- 
tions, water depth, and ISW crest lines at the SAR observation 
time.  By interpolating the time of wind vectors, they were ob- 
tained to the same as the SAR observation time.  Near the ISWs 
(longitude: 130.4E; latitude: 36.4N), the wind speed and re- 
lative wind direction to range direction were 2.3 m s-1 and 9 re- 
spectively.  The water depth near the first crest of ISW (longi-
tude of 130.5E; latitude of 36.3N) is 1,800 m.  Table 1 shows 
the summary of input parameters obtained from above data and 
used for computing RCS. 

There are two methods to compare the RCS values computed 
by the SPM and extracted from the SAR image.  The first is the 
comparison of maximum and minimum values, and the second 
is the comparison of the distances between maximum and mini- 
mum (or peak and trough) positions (dmin-max).  The first method 

is not possible since the magnitude of the C-band RCS ratio 
computed by the SPM is much smaller than that of SAR images.  
This is a characteristic of the SPM model at X-band and C-band 
while the model yields better and larger modulation at L-band.  
Nevertheless, the overall shapes and positions of peaks and 
troughs of the RCS modulation by the SPM are in agreement 
with those of SAR data (Amorocho and de Vries, 1980; Thompson 
and Gasparovic, 1986; Holliday et al., 1987; Ouchi et al., 1997).  
The ISW amplitude can be determined by matching the dmin-max 
computed by the SPM to those by the SAR image.  From the 
RCS ratio by the SAR image as shown in Fig. 4(b), the dmin-max 
was computed as 666.7 m along the ISW propagation direction. 

Although the dmin-max has been used to understand the pro- 
perties of the IWs by several researchers (Zheng et al., 2001; 
Chen et al., 2011; Xue et al., 2013), the suitability of the dmin-max 
to figure out ISW amplitude in this model should be examined.  
Fig. 7 shows the RCS variations for different polarizations, 
incidence angles, radar frequencies, wind direction and wind 
speed with fixed current variations.  Except the polarizations, 
all results represent the RCS ratio.  The RCS modulated by ISW 
can be computed through a series of these procedures, and the 
RCS ratio is defined as 
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 (13) 

where (r) = (r)  0 is the RCS in the presence of a surface  
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Fig. 7. The suitability confirmation of the dmin-max to figure out ISW amplitude.  The figures show the RCS variations according to the change of 

polarizations, incidence angles, radar frequencies, wind direction and wind speed with fixed current variations. 
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Fig. 8. The RCS ratios measured from the SAR image (blue solid lines) and computed by the SPM (black lines).  The black broken lines and solid line 

are all results satisfying that the dmin-max by the SPM is the same as those by the SAR and black solid line represents average value respec-
tively.  The pycnocline depth h1 is assumed as 52 m (a) and 102 m (b). 

 
 

current, and 0 is the RCS from the ambient sea surface.  It 
shows that the increase of both incidence angle and radar 
frequency makes the decrease in the magnitude of RCS.  In 
case of wind parameters, the increase of wind direction and 
wind speed causes the increase and decrease in the magnitude 
of RCS respectively.  Note that the wind direction exactingly 
represents the angle between the wind and range directions.  
As can be seen, these parameters only affect the magnitude of 
RCS, but not the dmin-max.  Thus, the ISW amplitude can be 
determined using the dmin-max. 

IV. EXPERIMENTAL RESULTS  
AND DISCUSSIONS  

Figs. 8(a) and (b) show the RCS ratio measured from the 
SAR image (blue solid line) and SPM (black lines) for h1 = 52 
m and h1 = 102 m respectively.  The black broken lines are the 
results satisfying the same dmin-max of the SPM and the SAR 
image, and black solid line represents the average value of the 
black broken lines.  As shown in Fig. 8, the overall shapes and 
positions of peaks and troughs of the RCS modulation by the  
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Fig. 9. ISW amplitudes in terms of upper layer depths ranging from  

52 m to 102 m with 1 m intervals.  The error bars represent the 
standard deviations. 

 

 
SPM are in good agreement with those by the SAR image.  
The mean ISW amplitudes were extracted as 13.5 m and 52.5 
m for h1 = 52 m and h1 = 102 m respectively.  There are large 
differences of the ISW amplitude between the two upper layer 
depths.  Thus, the relation between the ISW amplitude and the 
upper layer depth was examined.  Fig. 9 shows the estimated 
ISW amplitudes for various upper layer depths ranging from 
52 m to 102 m with the error bars representing the standard 
deviations.  It shows that the amplitudes and the error scales 
increase with the increasing upper layer depth.  The amplitude 
changes by 0.5 m~1.0 m as the upper layer depth varies every 
1 m.  It can be seen that the ISW amplitudes are very sensitive 
to the upper layer depth. 

Although there are no simultaneous in-situ data to validate 
the results, the estimated amplitudes were in the appropriate 
range as compared to the previous studies.  It represents that it 
is possible to derive the ISW amplitude if the upper layer depth 
can be known in stratified water columns.  Among the previous 
studies, Jeon et al. (2014) observed the largest internal tide with 
the maximum displacement of 5C isotherm reached up to 70 m 
in East/Japan Sea, and it refers that the maximum ISW ampli-
tude was approximately 35 m by using the assumption that the 
amplitude is the half of the vertical displacement.  With the maxi- 
mum amplitude of 35 m, it can be also known that the upper 
layer depth might be less than 85 m since our observation area 
is far away from the continental shelf-slope region.  Although the 
5C isotherm has been used as a boundary for the surface and 
intermediate waters in East/Japan Sea, in the summer time the 
line could be changed and an interaction between internal tides 
and ISWs is almost unknown. 

V. CONCLUSIONS 

In this paper, an approach is presented to estimating the am- 
plitude of ISW from SAR data.  The method is to compute the 
RCS from the waveheight spectrum in the presence of varying 
surface currents induced by ISW, and to compare the RCS 
ratio with that of the SAR image modulation.  The SPM is used 
to compute the RCS, the wave-current interaction is described 
by the ABE, and the approximate solution of the KdV equation 

is used to describe the soliton and ISW amplitude.  With this me- 
thod, the average amplitudes of ISW in different upper layer 
depths were estimated using the RADARSAT-1 SAR data over 
the eastern waters of the Korean Peninsula for the first time.  
There is no in-situ data at the time of SAR data acquisition to 
validate the results, and further rigorous study is required to 
test the theory using simultaneous in-situ measurements with 
SAR data.  Such experiments require careful planning, organi-
zation and pre-preparation.  We have shown in this paper that 
our results are well within the previous measurements, and are 
the first of its kind to initiate such future planned experiments 
in the waters where the properties of ISWs are hitherto little 
known.  Thus, despite the need for further rigorous validation, the 
method based on the SPM and KdV equation for ISW amplitude 
retrieval described in the present paper appears as a promising 
tool as illustrated by the example using RADARSAT-2 data in 
the waters around Korean peninsula. 
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