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Abstract. Multispectral remote sensing images with the advantages of low cost, wide area
coverage, and increased resolution have been widely used recently for determining the
bathymetry of coastal waters. In this study, the correlation equation is developed based
on the Landsat 8 OLI satellite images captured on September 22, 2022, and the survey
data measured during the time period of September 12-22, 2022, was used for mapping
bathymetry in the Nhat Le Estuary area, Quang Binh Province, a relatively clear area from
sediment. The correlation between the image and the field survey data is quite good, with
R? = 0.88. This shows that Landsat 8 OLI data is suitable for mapping sea areas with
depths up to 20 m.

Keywords: bathymetry, mapping, satellite image, reflectance spectrum, Landsat 8 OLI im-
age, Nhat Le Estuary.

1. INTRODUCTION

Measurement of ocean bathymetry is typically carried out using echo sounders or
Acoustic Wave And Current meter (AWAC), which give pretty accurate results. How-
ever, this way of measurement is expensive in cost and requires much time of deploy-
ment in practice [1-3].

The Landsat satellite program is developed by the United States Aeronautics and
Space Administration (NASA) and the United States Geological Survey (USGS). The first
satellite was launched in 1972 and to date, there have been eight generations of satel-
lites developed. Landsat satellite provides data with a resolution range of 15-100 m for
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different activities such as monitoring changes in the earth’s surface and environmental
resources, planning and managing agriculture and urban areas, etc. The Landsat-8 satel-
lite, launched in 2013 has two sensors: OLI (Operational Land Imager) to monitor the
surface and TIRS (Thermal Infrared Sensor) to collect thermal infrared images. Landsat 8
OLI provides high/medium spatial resolution imageries with 11 spectral bands, includ-
ing 9 shortwave bands with a resolution of 15-30 m and 2 longwave thermal bands with
a resolution of 100 m.

Light Detection And Ranging (LIDAR) is an active remote sensing technology that
uses lasers to survey objects from space. The data obtained by the system based on LI-
DAR s a collection of 3-dimensional reflection point clouds of laser beams from the object
being surveyed on the ground. Digital aerial scanning technology is another method de-
ployed for depth estimation, which is cost-effective compared to monitoring from ships,
while providing faster coverage of large areas [4,5]. Over the years, several optical satel-
lite images have been used in many studies to extract depth data. The multispectral
sensors can be used to provide a wide range of wavelengths, especially the green and
blue bands that can penetrate to depths of 20 m below the sea surface in clear water
conditions [6].

As remote sensing data sources with high /medium spatial resolution and open source,
which have attracted the great attention from researchers, over decades, Landsat7 ETM+
and Landsat8 LDCM satellites images have been used to estimate bathymetry for coastal
areas globally.

The most common algorithms used in these studies are log linear [7,8] and non-linear
models [9]. For example, a nonlinear algorithm has been applied to Landsat images in
the Wadden Sea region of the Netherlands [10] with a coefficient of determination (R?)
of 0.85 and root square error (RMSE) of 3.12 m; on Thousand Island [11] with R%?=0.90
and RMSE = 0.86 m for depths up to 10 m and at the coastal area of Dakshina Kanada in
India, Kastela Bay in the middle of the Adriatic Sea with R? of 0.90 [12].

Around the world, methods using satellite images to estimate water depth can be
divided into two types based on (i) the influence of depth measurement on the propa-
gation and dispersion of surface waves (wave kinematics) and (ii) the relationship be-
tween water depth and the penetration and reflection of light in the water (watercolor).
Methods based on the radiative transmission of light in water as a function of depth and
wavelength (i.e., color-based methods) can be used to estimate depth in optically shallow
water [13-19].

In Vietnam, some studies determining depth based on remote sensing data have
acknowledged a linear relationship between spectral values and the sea’s depth. Specif-
ically, Phan Quoc Yen in 2017 used Landsat 8 OLI data to estimate the depth of shallow
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water areas along Truong Sa Island, and the results show that the maximum water depth
achieved is 12 m; The correlation coefficient of model R? is 0.924; RMSE is 0.99 m [20].
Do Xuan Tinh’s research used Sentinel-2 multispectral satellite images and seabed topo-
graphic survey data in June 2019 in the Tien Chau estuary area, Phu Yen province, to
build a correlation equation to estimate depth, achieved quite good accuracy (correlation
coefficient R? = 0.7) [21]. Duong Van Phong used Landsat 8 OLI images to evaluate the
change in coastal topography in the Da Nang Port area with chart number I-200-32 pub-
lished in 2011 and carried out by The Surveying and Mapping Team of the Naval Force;
this study has determined a fairly high R? correlation coefficient of 0.94 [22].

Today, with the development of satellite technology, remote sensing can be consid-
ered an effective solution to solve the field survey problems because of its wide area
coverage, low cost, short revisit, and high spatial/spectral resolution [23]. This article
again presents the ability of remote sensing satellite images for sea depth mapping in
terms of and/or new creation and/or updating.

2. STUDY AREA, RESEARCH METHOD, AND DATA USED IN THE STUDY

2.1. Study area

Nhat Le River Mouth is located in Dong Hoi City, Quang Binh Province (Fig. 1),
with geographical coordinates 17°29” North latitude and 106°38” East longitude. It is the
mouth of the Kien Giang River which has a basin of 2,650 km? belonging to the lowland
area of the Central Coastal Region. In recent years, the river mouth has been deposited
with the development of a sandbar on the right side, that makes it difficult for water-
way traffic and flood drainage and causes coastal erosion at the left side, influencing the
coastal economic and civil works of Dong Hoi City [24]. Therefore, building bathymetry
maps for different time periods to find the rule of deposition and erosion in this area is
of great scientific and practical significance.

2.2. Research method
2.2.1. Procedure for determining depth data

The Landsat image is pretreated to neglect the irrelevant factors and the surface re-
flectance is determined for calculating the initial depth from the image. The regression
process is then carried out for the data calculated from the image and field measurement
data to select the optimal regression function, from which the final depth data are deter-
mined, and the bathymetry map developed. The error of the final depth data is assessed
by the root square error. The procedure of depth data determination by remote sensing
image is presented in Fig. 2.
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Fig. 1. The study area: Nhat Le Estuary, Quang Binh Province
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2.2.2. Converting gray level values to radiance and reflectance values of objects

The digital value (DN - Digital Number) on the image is converted to the value of
physical radiation at the sensor and the value of physical radiation at the sensor is con-
verted to the value of reflection in the upper atmosphere of the object.

In the first step, the numerical value of the image (corresponding to the gray level) is
converted to a physical radiation value. With Landsat 8 OLI images, the radiation value
is determined as follows

L/\ = MLQcal + AL/

where L, is the TOA spectral radiance; M| is the band-specific multiplicative rescal-
ing factor from the metadata; (RADIANCE_MULT_BAND_x, where x is the image band
number); A is the band-specific additive rescaling factor from the metadata (RADI-
ANCE_ADD_L_x and BAND._x, (where x is the image band number); Q. is the quan-
tized and calibrated standard product pixel value (DN).

The spectral irradiance value obtained in the above step will be used to determine
the spectral reflectance value.

For Landsat 8 satellite images, the spectral reflectance value is determined according
to the following formula

P)\, = MPQcal + Ap/

where pA’ is the TOA planetary reflectance, without correction for solar angle. Note
that “/” does not contain a correction for the sun angle; M, is the band-specific multi-
plicative rescaling factor from the metadata; (REFLECTANCE_MUIL_BAND._x, where x
is band number); A, is the band-specific additive rescaling factor from the metadata (RE-
FLECTANCE_ADD_BAND_x, where x is band number); Q. is the integer value of the
image.

This spectral reflectance value is corrected according to the sun’s beam angle accord-
ing to the following formula:

/ /

0= P __ P
cos (0sz)  sin(6sg)’

where p is the TOA planetary reflectance; Osg is the local sun elevation angle. The scene
center sun elevation angle in degrees is provided in the metadata (SUN_ELEVATON); 657
is the local solar zenith angle: 65z = 90° — Osg; Osg, 05z taken from the metadata file in
the Landsat image data.
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2.2.3. Interpreting coastal water depth using multispectral satellite images

To obtain bathymetric data from Landsat-8 satellite images, in the study the equation
developed by Stumpf and colleagues [9] was applied and a non-linear complex work
to estimate depth was performed. By hypothesizing that image channels with higher
absorbance will attenuate faster as depth increases, Stumpf and colleagues found that
the ratio between the two corresponding image channels will increase as depth increases.
Therefore, the ratio between the two image channels will depend on the change in depth
rather than on the change in the bottom surface. When taking the ratio of two image

channels, we have

B In (L, (Band;))
2= M (L (Band))) "™ @)

where m, m; are the model constants; L;, (Band;) and L, (Band;) correspond to channels
i, j, respectively. In this study, channel i corresponds to the blue channel, j corresponds to
the green channel.

The values mg, m; are calculated by comparing the value from the algorithm and the
depth value taken from the corresponding chart.

After the depth values are calculated, the correlation between the actual measured
depth value and the calculated depth index value is analyzed and found, and then the
correlation equation to estimate the water depth based on the depth index in the study
area is established.

2.3. Data used in the study
2.3.1. Satellite image data

In this study, the Landsat-8 satellite image (code 126 /48 LC08_L1TP_126048_20220915_
20220922_02_T1), taken on September 22, 2022, with a spatial resolution of 30 m, path/row
(Source: https://www.usgs.gov) was used. Only two channels (blue and green) of the
Landsat-8 image were in concern because they have shorter wavelengths, so the elec-
tromagnetic waves of these two channels are able to penetrate thicker water layers than
other channels. Furthermore, because the green channel (525-600 nm) has a longer wave-
length than the blue channel (450-515 nm), the green channel’s radiation can be attenu-
ated faster when transmitted through the water medium, which helps us to distinguish
the shallowness and depth of the water area (Fig. 3).

2.3.2. Field survey data

A data set of 41 depth points measured by the Institute of Mechanics, Vietnam Acad-
emy of Science and Technology during the period of September 12-22, 2022 (Fig. 4) was
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Table 1. Field survey data 41 points
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No Longitude [°] Latitude [°’] Depth [m] No Longitude [°] Latitude [°] Depth [m]

1 106.626
2 106.665
3 106.644
4 106.606
5 106.630
6 106.688
7 106.609
8 106.648
9 106.670
10 106.634
11 106.690
12 106.612
13 106.654
14 106.638
15 106.673
16 106.695
17 106.676
18 106.619
19 106.642
20 106.680
21 106.699

17.4962
17.4419
17.4672
17.5254
17.4988
17.4210
17.5275
17.4703
17.4443
17.5006
17.4229
17.5292
17.4725
17.5025
17.4463
17.4252
17.4491
17.5335
17.5079
17.4520
17.4299

1.7
1.8
2.0
4.5
6.4
7.0
8.5
8.8
9.3
9.7
11.3
11.8
12.5
12.6
13.6
14.9
15.0
17.3
17.5
17.5
17.5

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

106.662
106.627
106.705
106.669
106.649
106.644
106.688
106.660
106.648
106.672
106.697
106.682
106.710
106.669
106.678
106.712
106.699
106.725
106.684
106.728

17.4790
17.5411
17.4326
17.4815
17.5141
17.5527
17.4601
17.5205
17.5628
17.4880
17.4628
17.4927
17.4382
17.5719
17.5394
17.4787
17.5098
17.4485
17.5893
17.4940

17.8
18.4
18.7
19.0
194
20.1
20.3
20.5
20.6
20.6
20.9
21.7
21.7
22.2
22.3
22.3
224
22.8
23.7
23.9

2.3.3. Topographic map

The depth contours in the topographic map of Quang Binh Province, scale 1/50,000,

were used to verify the model for calculating depth values from satellite images.

3. RESULTS AND DISCUSSION

The constants of the depth calculation model m; and m( can be calculated by imple-
menting a linear regression algorithm using the actual measured depth values. For each
measurement depth point, its corresponding pixel value on the algorithm is collected and

calculated. To test the model, the correlation coefficient (R?), representing the agreement

between the measurement depth and the model value was used (Fig. 5). It is necessary to
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note that the influence of surface wave is insignificant and already reflected in the corre-
lation coefficient. Fig. 5 shows that the two measured depth values and the model value
have a very high correlation with each other (R? = 0.86) in the depth range from 1.7 to
239 m.
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Fig. 5. Correlation chart

The depth result is calculated by taking the ratio between the blue and green image
channels and using the found coefficients m; and mg as shown in Fig. 6.
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Fig. 6. The processed satellite image (the direct satellite image after computation
before editing to become this map)



307

Development of a bathymetry map of the Nhat Le Estuary, Quang Binh Province by remote sensing techniques

In addition, to check the accuracy of the study’s results, the squared error, another
statistical index, was used. Here, the squared error is quite large, RMSE = 2.33 m. The

reason is that the Landsat 8 OLI data is saturated at about 20 m.
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Fig. 7. Comparison of depth contour derived from remote sensing image with topographic map

Furthermore, the depth contours derived from the remote sensing image are quite

fitted with the data from the topographic map of Quang Binh Province, scale 1/50,000
(Fig. 7). It means that in this case, the depth model is suitable, reliable, and can be used

to determine the depth at the Nhat Le river mouth.
Finally, the bathymetric map of Nhat Le Estuary, Quang Binh Province derived from

a remote sensing image is shown in Fig. 8.
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Fig. 8. The bathymetry map of the Nhat Le Estuary, Quang Binh Province derived
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4. CONCLUSION

The results obtained in the study show that determining depth from remote sens-
ing images is a useful tool to build bathymetry maps in shallow water areas instead of
traditional depth measurement methods. In addition to building bathymetry maps, this
method helps update depth effectively and can be used for reference before deciding
to conduct measurements using other depth measurement methods. Currently, Quang
Binh Province prioritizes the strong development of the marine economy, especially the
coastal urban areas and berths around Nhat Le Port, Gianh Port, and Hon La Port, etc.
So, it is important to check for updating the coastal water depth data in the areas and the
use of remote sensing images to do it is very reliable.
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