
1. Introduction

It is interesting that underlying bathymetry features

can be imaged indirectly on SAR images through the

interaction between the current and bathymetry. The

surface current convergence and divergence caused

by tidal current-bathymetry interactions induce the

spatial backscatter variations seen in the SAR images

(Alpers and Hennings, 1984; Shuchman et al., 1985;

Hennings, 1990). Specially, convergences along a

tidal channel in the estuary are more often observed

than divergences by the presence of flotsam lines

aligned with the channel, and also more investigations

have focused on the sources of convergences.

Handler et al. (2001) reviewed three candidates for

the convergence mechanism. The first one is the

formation of twin-gyred circulation by the

preferential advection of an along-channel density

gradient during a flood (Turrell et al., 1996). The

second one is the significant difference of tidal

ellipses across the estuary with depth variations

(Valle-Levinson et al., 2000). They also suggested

convergences along an estuary is produced mainly by

the tidal flow interacting with the channel-shoal

bathymetry and the effect of density gradients is

minor by analysing a set of velocity profiles obtained

in the James River estuary and analytic tidal model.

The third mechanism is vortex tilting of the background

vorticity resulting from vertical velocity gradient

caused by the bottom boundary layer (Mied et al.,

2000). Li (2002) pointed out that axial convergence

fronts in a tidal inlet is generated by differential

–501–

Study of the Tidal Channels Appeared on SAR Images
Taerim Kim*†, Jong-Jib Park*, and Byoung-Ju Choi**

*Department of Coastal Construction Engineering, Kunsan University

**Department of Oceanography, Kunsan University

Abstract : Quasi-linear bright features persistently appeared on ENVISAT ASAR images as well as X-
SAR images along the tidal channels in Gyung-Gi Bay, Korea during the ebb tides. These features are
induced by spatial backscatter variations caused by surface convergence (divergence) through the interaction
between tidal currents and bathymetry. In order to validate this mechanism, a numerical tidal model
simulation is performed on the realistic bathymetry with the tidal boundary conditions. The tide model
reproduces the current convergence zone along the tidal channel during the ebb tides, which exactly
coincides with the location of bright line features on SAR images.

Key Words : SAR, Numerical Tidal Model, Tidal Channels, Convergence, Bathymetry.

Korean Journal of Remote Sensing, Vol.25, No.6, 2009, pp.501~505

Received  November 19, 2009; Revised  December 19, 2009; Accepted  December 22, 2009.
†Corresponding Author: Taerim Kim (trkim@kunsan.ac.kr)



rotation and spatial variations of the major axes of the

tidal ellipses rather than density and planetary

vorticity tilt effect. But he mentioned that

combinations of several processes should be

considered for the generation of convergences in

estuaries and coastal embayment, where both tides

and density gradients are important.

Radar imaging mechanism of ocean underwater

bathymetry is well explained in Alpers and Hennings

(1984) as modulated wind-generated sea surface

wave spectrum by sea surface current divergence and

convergence inducing the backscatter variations on

the SAR image. However, this mechanism is based

on 1-D continuity equation and is not applicable to

sand ridges parallel to the tidal current (Li et al.,

2009). Many bathymetry imprints on SAR images are

caused by currents in 2 dimensional space. Li et al.

(2005) studied SAR image of axial convergence

fronts in Cook Inlet, Alaska by developing a

diagnostic Cook Inlet tidal model to generate axial

convergence at different tidal stages. Li et al. (2006;

2009) also explained sea surface manifestation of

fingerlike along-tidal channel underwater ridges by

demonstrating the temporal variations of current

convergence and divergences on the simplified basin

and combining with a radar simulation model to

compare the variation of normalized radar cross

section extracted from the calibrated SAR image.

This paper investigates the SAR images with

persistent features of tidal channel in Gyung-Gi Bay,

Korea and compares with the convergence zones

calculated from numerical tidal flow model using real

bathymetry and boundary conditions as input data.

2. SAR observations

The study area is characterized with tide

dominated coastal waters having complicated coastal

lines and bathymetry with many sand banks. The

depth is less than 40 meters and the tidal range is

about 8 meters with strong tidal currents. It is

anticipated that the interaction between tidal currents

and bottom topography is very strong causing

complicated flow regime.

Kim (2006) analyzed depth contours on X-SAR

images taken during SIR-C/X-SAR campaign in

April and October 1994. Bright curved line features

were observed during an ebb tide along the boundary

of sand banks and specially, the curved long line

features were noticed on the tidal channel just outside

the sand banks consistently. Fig. 1 shows one of X-

SAR images overlapped on the marine bathymetry

map on 16 April 1994. It is very clear that the bright

line in the box is exactly coincident with the 15 m

depth contour. This tidal channel related SAR

signature is persistently appeared on ENVISAT

ASAR images. Fig. 2 and Fig. 3 are ENVISAT

ASAR images taken during an ebb tide on 11 April

2005 and 16 January 2006, respectively. Both images

show quasi linear features on the same location of

tidal channel even though curved parts of offshore
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Fig. 1.  X-SAR Image on 16 April 1994 acquired during SIR-C/X-
SAR campaign.



sandbanks are not shown like on the X-SAR images.

It seems X-SAR can detect more delicate variations

of sea surface roughness caused by current

convergence.

3. Tidal numerical model results

Regional Ocean Modeling System (ROMS) is

applied to demonstrate the temporal variations of

current convergence and divergence along the tidal

channel. ROMS is used by the scientific community

for a diverse range of applications (Haidvogel et al.,

2000; Wilkin et al., 2005). It is a free-surface, terrain-

following ocean model and its primitive equations are

discretized over variable topography using stretched

terrain-following coordinates (Song and Haidvogel,

1994). In this study, the model is composed of 347×

427 grids with each grid size of 500 m and the

rectangular domain is about 220 km wide and 170

km long covering from 36.575˚ to 38.13˚N and from

124.25˚ to 126.75˚E. The model simulated the tidal

current velocities at 0325 UTC closely near the time

when X-SAR image (Fig. 1) was taken on 16 April

1994 at 0324 UTC. Fig. 4 shows tidal current velocity

vectors during an ebb tide with depth contours.

Strong currents are noticed along the tidal channel

and currents on the sandbanks near the channel

flowing toward the channel. The intensity of

convergence (divergence) was calculated using a

continuity equation with u(Eastward(+x) velocity

component) and v(Northward(+y) velocity

component) at each grid point as Eq. (1).

Study of the Tidal Channels Appeared on SAR Images

–503–

Fig. 2.  ENVISAT ASAR image on 11 April 2005.

Fig. 3.  ENVISAT ASAR image on 16 January 2006.

Fig. 4.  Tidal velocity vectors on 16 April 1994 at 0324 UTC.



IC = + (1) 

where IC indicates Intensity of Convergence.

Fig. 5 shows spatial distribution of intensity of

convergence (divergence) at the time of the SAR

image was taken. The area of negative values indicate

convergence zones and vice versa. It is obvious that the

current convergence zone on the tidal channel during

an ebb tide exactly coincide with the location of bright

line features in the box on SAR image (Fig. 6).

4. Results and Discussions

It is confirmed that the bright line features on SAR

images are strongly related with convergence of tidal

flow in the tidal channel based on ROMS tidal model

simulation. Since the density variation is not

considered in this simulation, it seems that density

field played minor role in causing convergences in

the tidal channel of Gyung-Gi Bay. In case of

divergence, not many images are acquired but some

of images show dark line features. This also can be

explained by radar imaging mechanism decreasing

backscattering intensities on the divergence zones.

However, more studies are needed to verify these

opposite cases and still it is not clear that the time and

location of convergence (divergence) along a channel

during an ebb (flood) tide. Field experiment with

numerical model simulation is one of the methods to

validate these processes.
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