INTERNAL WAVE INVERSION IN THE NORTHERN SOUTH CHINA SEA
BASED ON SPACEBORNE SAR DOPPLER INFORMATION
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Abstract—This study proposes a novel method
for inverting internal wave parameters using
Spaceborne SAR Doppler information, moving
beyond traditional reliance on Dbackscatter
(NRCS)

Sentinel-1 IW mode OCN products, the research

coefficients alone. By utilizing
combines measured Doppler velocities with
NRCS imagery to retrieve key internal wave
characteristics, specifically focusing on the
upper layer depth and thermocline depth. The
results demonstrate that integrating Doppler data
provides a more accurate estimation of group
velocity and stratification structure. This
approach proves effective for analyzing internal
wave dynamics in the Northern South China
Sea.
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1. INTRODUCTION
Ocean internal waves is key to energy transfer,
acoustic field propagation, and submarine
navigation Safety, and is also a critical research
area in Ocean Dynamics and Remote Sensing
detection. Traditional methods for detecting
internal waves using remote sensing data focus
on extracting their geometric features and
dynamic parameters from images. In its
horizontal parameter pxtraction studies, [1] and
[2] directly obtain internal wave parameters such
as wavelength, wave direction, wave packet
spacing, and spatial distribution from SAR

images.

In propagation speed calculation aspect, [3]
methods, the
Multi-Temporal Image (MTI) method, which

calculates speed based on the displacement of

proposed two main

the same internal wave in two consecutive
images and the time interval, offering higher
accuracy. The Tidal Period (TPI) method, which
estimates group velocity using the semi-diurnal
tidal period assumption and wave packet
spacing.

In vertical parameter inversion aspect, early
methods often treated the thermocline depth as a
known parameter or performed inversions only
within a linear framework. [4] proposed a
nonlinear internal wave inversion method based
on the dispersion relationship of the KdV
equation. By combining the half-wave width
measured from SAR images, this method
simultaneously inverts internal wave amplitude
and thermocline depth. [5] and [6] demonstrated
that using the relationship D= 1.321 (where D is
the spacing between bright and dark stripes, and
1 is the half-wave width), these two key
parameters can be solved within a nonlinear
framework. A comparison between the speeds
derived from remote sensing and those
calculated using KdV theory shows good
agreement, confirming the significant influence
of water depth on internal wave speed.

However, internal wave research has not
utilized  the

Doppler information from

spaceborne SAR so far. For example, the latest



study [7] still primarily relies on backscatter
(NRCS)
spaceborne SAR. This study employs the

coefficient images measured by
Doppler information from spaceborne SAR to
invert the thermocline depth of internal waves
from measured Doppler velocities, thereby
achieving the inversion of internal wave
parameters using spaceborne SAR Doppler

information.

2. DATA AND METHOD

2.1 Data

In the study we choose the IW mode OCN
product of Sentinel-1 satellite as the research
data. The product includes sea surface velocity
parameter Radvel, and NRCS images. The
selected OCN image is imaging at north of
South China Sea on Apri. 29, 2025 around
10pm., shown as Fig.1. From the currents field
distribution in Fig. 1, we can see that sea surface
velocity mainly consists of geostrophic current
component represented by Box A, Ekman
current component represented by Box B, and
the background current component represented
by Box C. Among them, geostrophic current
take the main information of Fig.1 on sea surface

current field.
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Fig.1 Retrieved Doppler velocity from SAR
Doppler information (a) and NRCS image (b).

Clear internal waves can be observed from
both Fig. la and 1b, demonstrating that the
Doppler information from SAR can also be

utilized for the inversion of internal waves.

2.2 Method

In 2007, Based on the nonlinear internal wave
theory, parameters such as phase velocity or
group velocity, amplitude, and thermocline
depth of internal waves were obtained through
the calculation of the half-wavelength of internal
waves from the study of [4] . The relevant

formulas are as follows:
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where h; is the upper layer depth, hy lower layer
depth, h water depth, 1 half of wave length, g’
reduced gravity, and C,; group velocity which is
also equal to the phase velocity. And based on
(1), the depth h;
retrievied,with given C; from SAR Doppler
information, h and measured 1 from SAR NRCS

image according to [4], [5] and [6]. The retrieval

upper layer can be

scheme is shown as Fig. 2.
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Fig.2 Retrieval scheme for calculating the upper
layer depth of internal wave from SAR Doppler
information and NRCS.

3. RESULTS AND DISCUSSION



Combined with the water depth image Fig.3a
the upper layer depth h; is retrieved from SAR
Doppler information and NRCS image, shown as
Fig.3b.
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Fig. 3 Water depth (a) and Retrieved upper layer
depth of internal wave (b).

The water depth shown in Fig.3a is obtained
from ETOPO2 data. Reduced gravity g’ setting
is according to [3], and half of wave length 1 is
measured from NRCS image by the Eq. (2)

= 2 @)
1.32

where D is the measured distance between the
center of the brightest stripe and the center of the
darkest stripe in the SAR NRCS image. In Eq. (1)
the lower layer depth hz can be expressed as h-hi,
and thus Eq. (1) becomes a equation of h; so that
hi can be easily calculated.

The accurate inversion of upper layer depth is
dependent on the precise eatimation of group
velocity. Critical dynamic constraint is linking to

surface observations to subsurface hydrography.

Within the framework of the two-layer model,
the group velocity C, can be used for calcualting
ocean's stratification structure, incorporating the
total water depth, the upper layer depth hi,
and the internal wave's wavenumber.

By extracting the group velocity of Cg
from SAR Doppler data or temporal image pairs,
researchers obtain an observational anchor that
allows the inversion equations to be solved
mathematically to separates h; from h, where h;
is key parameter to upper ocean dynamics shown
as Fig.3b. Fig.3b only shows the h; that has true
meaning under the above parameter settings,
which is around the region where the water depth
h is between 200 and 400 meters. The calculated
h; under the reduced gravity setting in other
regions is an imaginary number and has no real

meaning.
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