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ABSTRACT. The remote sensing methods usage makes it possible to increase the accuracy and
efficiency of data on the state of water bodies. Among the many satellite systems, Sentinel-2 is the
most suitable for inland water assessment. One of the abiotic factors in assessing the trophicity of
water bodies is the transparency along the Secchi disk. Models for calculating water transparency have
been developed for individual water bodies. The analysis showed that these models don’t adequately
describe the transparency for Lake Baikal. Based on the correlation-regression analysis, the parameters
of the exponential function were estimated for calculating the transparency of the surface waters of
Lake Baikal using the values of the Sentinel-2 spectral channels. Despite the inaccuracy of the model
for assessing the transparency in the coastal zone, it can be used to assess the seasonal and interannual
transparency of the surface waters of Lake Baikal.
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1. Introduction

Field studies of reservoirs in situ are highly
accurate, but they are carried out fragmentarily, most
often irregularly and with low efficiency, and require
high costs associated with the involvement of highly
qualified specialists. The introduction of automatic
ground stations for collecting information about water
bodies to some extent solves these problems, but global
coverage remains unavailable.

Over the past several decades, remote sensing
and geographic information technology (GIS) have
been successfully used in research to monitor surface
water quality. This is reflected in the publications of
A.A. Dontsov et al. (2017a; 2017b; 2018), S.J. Gray
(1992), K. Ismail et al. (2019), and T.I. Kutyavina et
al. (2019; 2020). Sensors installed on satellites and
aircrafts measure the amount of radiation at different
wavelengths reflected from the surface of water bodies,
which is then converted into various indicators of
water quality. Thanks to advances in remote sensing,
parameters such as the concentration of suspended
matter (TSS), chlorophyll a, turbidity and Secchi disk
transparency (SDD) are well evaluated.

For the analysis, the data of various satellite
remote sensing systems were considered on the
parameters of openness, accessibility, spatial resolution,
efficiency and quality of spectral channels. Today, the
main competing systems for these criteria are Landsat
and Sentinel (Fig. 1). Sentinel-2 is distinguished by an
optimal balance of efficiency, accuracy and availability.
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2. Materials and methods

One of the abiotic indicators of the trophicity of
water bodies is the water transparency indicator using
the Secchi disk. At the moment, various models have
been developed to calculate the transparency of water
for certain bodies of water.

For example, according to J. Delegido et al.
(2019), the Secchi Disc Transparency Index (SD) is
calculated as follows:

SD = 4.7134 *(R490/R560)*7% (1)

where R490, R560 are MSI / Sentinel-2 spectral
channels with the corresponding wavelength in nm.

Another approach to calculating transparency is
described by M. Bonansea et al. (2019):

SDT =1.79—134.15* Band,,, +157.72* Bandy,, +0.53*(B””7d“3

J(z)

and g,

where BandRE1, BandNIR, BandRE3, BandNIR are MSI
/ Sentinel-2 spectral channels that have undergone
atmospheric correction.

The data of the expeditions of the Limnological
Institute SB RAS was used to check the data of the
transparency models for the Secchi disk. Data collection
was carried out during spring and autumn expeditions.
The locations of the stations for determining the
transparency by the Secchi disk (SD, m) are shown in
Figure 2.
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Fig.1. Comparison of Landsat 7 and 8 bands with Sentinel-2 (Image credit: U.S. Geological Survey).

Next, we selected Sentinel-2 satellite images
that were close in terms of the date of measurements.
Spectral channel data were extracted for further
analysis. Since the researchers used linear and power
dependences as models for assessing the transparency
of reservoirs along the Secchi disk, the correlation
dependences between the influencing factors and the
studied indicator were checked.

We adapt the model suggested by J. Delegido et
al. (2019) under our data. The coefficients of the model
were obtained as a result of regression analysis:

SD = 6.7327 (B02/B03)"**” (3)

where B02, BO3 are the corresponding Sentinel-2
spectral channels.

The coefficient of determination R2 0.10,
which is considered a very low indicator, explaining
that the studied indicator is described by influencing
factors only by 10%. Fisher’s criterion indicates the
reliability of the model (6.99> 3.99), the coefficients
of the model are statistically significant according to
the Student’s test (21.00> 2.00; 2.64> 2.00). The
average relative error of approximation was 42%. The
results are far from those indicators of the quality of
the model, which were indicated by the authors of the
model.

Let’s check the model of M. Bonansea et al.
(2019). The coefficients of the model were obtained as
a result of regression analysis:

B07
BSAJM)

where B05, B08, B07, B8A are the corresponding
Sentinel-2 spectral channels.

The coefficient of determination is higher
(R2 0.40), Fisher’s test indicates the unreliability
of the model (13.97> 3.99), the last coefficient of
the model is statistically insignificant according to
Student’s test (0.35 <2.00). The average relative error

SDT =13.87 —835.39*BOS+455.87*BOS+1.13*(

1127

of approximation was 33%. The influencing factors
are very closely interconnected, which violates the
requirements for building a linear model.

Difficulties with the use of existing models lead
to the need to develop your own model.

3. Results and discussion

An assumption was made based on the analysis of
correlation dependences that the exponential function
using the values of the spectral channels BO5 and B07 is
better suited to describe these dependences.

The dependences are the closest between In (SD)
and the values of these spectral channels (Fig. 3).
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Fig.2. Locations of stations for determining the
transparency by the Secchi disk (SD, m).
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The task was to estimate the parameters of 3,5
an exponential function of the form: 3 ofe y =-64,188x + 3,148
2,5 (X R? = 0,4871
(a,*B0S+a,*B0T) 2 2 .:0. >
ap* ay* o~
SD = a x4 (5) 215 -
1 °% oo v 0
As a result of the regression analysis, the 0,5 LI
following model was obtained: 0
0 0,01 0,02 0,03 0,04 0,05
SD = 228158 # o~ 142:6480+B05+75,0105+807) () B05
- 9
. . . o - 3’5
. ’Dete}*mlpatlt?n . coefficient .RZ. . 0.55. y =-51,258x + 2,9863
Fisher’s criterion indicates the reliability of the 3 o ® S e R2= 0367
model (38.98> 3.99), the coefficients of the 2,5 ® % ®
N e g . ~ ... 20" o
model are statistically significant according to the 2 2 e
Student’s test (23.00> 2.00; 5.05> 2.00; 2.89 > ELS O R
2.00). The average relative error of approximation 1 ® o0 o - o0
was 29%. As we can see, this model shows the best 0,5 o0
results. 0
This model can be wused to calculate 0 0,01 0,02 0,03 0,04 0,05
transparency for images of other periods (Fig. 4, B07
Fig. 5).
In the future, it is possible to increase the Fig.3. Relationship between In (SD) and BO5 and BO7.

accuracy of the model with an increase in the
number of field observations.

There are disadvantages: there can be a
very large error in the coastal zone. According to
experts, this is influenced by a strong reflection
from the bottom. In addition, the depth of the
reservoir must be taken into account. This method
cannot be applied to shallow water bodies.

4. Conclusions

It becomes possible to build transparency
maps for the Secchi disk based on the obtained
model on Lake Baikal during the absence of
expeditions, to analyze the dynamics of this
transparency change. Analysis of seasonal and
interannual changes will make it possible to draw
conclusions about the cyclicality, the influence of

the anthropogenic factor and climatic changes. Fig.4. Transparency map using the Sentinel-2 satellite image
on May 25, 2020
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Fig.5. Fragment of transparency map using the Sentinel-2
satellite image on May 25, 2020.
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