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Abstract—the survey of lake sediments is complex, 
time consuming and costly process with risks to human 
health. Additionally, manually obtained sediment samples 
provide incomplete data about a survey region. In turn, 
remote sensing methods are cost-effective and can provide 
continuous data about a survey region. Therefore, authors 
decided to perform a pilot experiment with a remote 
sensing method in order to detect clay sediments deposited 
in lakebeds. The evaluated method is the analysis of 
spectral images of Sentinel-2. Pearson coefficient and C4.5 
datamining methods were applied for data analysis. Survey 
objects are Latgale lakes with and without clay sediments. 
The pilot experiment showed, that spectral imaging of lake 
water is not applicable method to detect definitely clay 
sediments in lakes, however, research results provide ideas 
about indirect methods, which must be studied in the future.

Keywords—clay, Latgale lakes, Sentinel-2, spectral 
imaging.

I. IntroductIon

Clay minerals (also referred to as phyllosilicate 
minerals) are crystalline aluminosilicate minerals 
organized in a layered structure. The crystal structure 
consists of two basic units: the Si tetrahedron, which is 
formed by a Si4+ ion surrounded by four O2− ions in a 
tetrahedral configuration, and the Al octahedron, which 
formed by an Al3+ ion surrounded by four O2− and two 
OH− ions in an octahedral configuration. These structural 
units are joined together into tetrahedral and octahedral 
sheets, respectively, by adjacent Si tetrahedral sharing 
all three basal corners and by Al octahedrons sharing 
edges. These sheets, in turn, form the clay mineral layer 
by sharing the optical O of the tetrahedral sheet. Layer 
silicates are classified into eight groups according to layer 
type, layer charge, and type of interlayer cations. The 
layer type designated 1:1 is organized with one octahedral 
and one tetrahedral sheet, whereas the 2:1 layer type is 
organized with two octahedral and one tetrahedral sheet 
[1]. Clay is applied and used in a pharmacy and cosmetics, 
as well as in an environmental technology. Clay minerals 
can be used for the removal of organic pollutants from 
water. In order to remedy environmental damages caused 
by polluted gases clays and clay minerals can be used as 
adsorbents in natural form or after specific modification 
[2] – [4].

The previously implemented research of the lake 
Plusons identified clay sediments [5], clay locations were 
found in lake Zeiļi as well. There are 2256 lakes in Latvia 
with the total area equal to 1001 km2, which stands for 
1.5% of the territory of Latvia, that provides great scientific 
interest in terms of resource application in industry. 
However, the survey of lake sediments is complex, time 
consuming and costly process. Additionally, manually 
obtained sediment samples provide incomplete data 
about a survey region. Recently, it is common to apply 
geophysical methods like remote sensing to explore Earth 
resources. In turn, remote sensing methods are more cost-
effective and can provide continuous data about a survey 
region. The research goal is to evaluate the method of 
spectral analysis of satellite data in order to detect clay 
sediments in lake bottom.

II. MaterIal and Methods

Analysing SIA “Geo Consultants” reports about 
sapropel search, the clay sediments are found in 109 of 
199 lakes in Preili, Ludza and Rezekne regions. This 
data was applied to construct the dataset of samples. The 
constructed dataset contained 31 samples of Latgale lakes, 
from which 15 lakes contained clay sediments and 16 – 
did not. The dataset did not contain all 199 lakes due to 
two reasons: firstly, lakes must be sufficiently large to be 
visible in Sentinel-2 image, secondly, it is pilot/ envision 
research. Considering the spectral features of water (the 
reflectance of water above 1150 nm is close to zero [6]), 
the bands B2-B8 are applicable and they have the minimal 
resolution of 20 m/px, which requires the minimal area 
of lake to be equal to 40x40 m2 (0.16 ha) and water must 
be with no vegetation. And “the rule of 30” is commonly 
applied to define the minimal amount of samples for a 
reliable statistical analysis.

The mean values of lake reflectance were calculated 
for each spectral band using Sentinel-2 multispectral 
image and SNAP software. Only the regions of water 
without vegetation were processed, that was achieved 
using the color-infrared (CIR) image to detect vegetation. 
The example of data is depicted in Fig.1.

The information about clay sediments of lake was 
coded using following system: if a lake contains clay 
sediments – code “one”, otherwise – “zero”. Using this 
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encoding system, it was possible to measure Pearson 
correlation between the reflectance of band and the 
presence of clay sediments. Pearson correlation shows 
only direct relation between the one spectrum and the 
object. Therefore, the machine learning and classification 
algorithm C4.5 was applied to detect the logical relations 
among the bands and the presence of clay sediments.

III. results and dIscussIons

Remote sensing methods detect objects analyzing 
their direct and indirect physical features. Spectral 
imaging was verified using Sentinel-2 images. The idea of 
spectral imaging application was based on the hypothesis 
about the correlation between the clay sediments and the 
chemical and microbiological content of lake water.

Spectral imaging, or imaging spectroscopy, combines 
the power of digital imaging and spectroscopy, providing 
a vastly improved ability to classify the objects in the 
scene based on their spectral properties [7]. Clay content 
and mineralogy have influence on the SWIR portion of 
the spectrum (1300-2500 nm), with the 2200 absorption 
feature being the characteristic of clays [1]. The topsoil 
mapping using satellites was previously studied and 
satellite multispectral sensors achieved results with the 
range of R2 from 0.26 to 0.83 [8]. Landsat TM category 
belongs to the range of R2 from 0.44 to 0.67 [8]. For 
example, the significant linear correlation between 
MID-infrared index and topsoil clay content (%) was 
experimentally proved in publication [9] showing that 
the MID-infrared index over the driest bare soils allows 
separating sandy soils from clay. Bartholomeus et al. 
mention, that estimation of soil properties such as clay 
content is hampered, if the pixels have a vegetation cover 
over 20% and also if the pixels are covered by crop residues 
[10]. Garfagnoli et al. evaluated hyperspectral scanning 
with airborne platform for clay detection considering the 
illite and montmorillonite absorption feature at 2210 nm, 
which is diagnostic indicator for these minerals [7].

The clay detection in the suspense of water is 
complicated mainly due to complex interactions of 
three optically detectable substances: algal chlorophyll, 
suspended sediments and dissolved organic substances. 
These substances have significant impact on the water 
quality. Each substance has its own reflectance and 
absorption trends complicating the derivation of the 
clay concentration estimation algorithms based on the 
remotely sensed data [6].

It is common to complete spectral reflectance 
measurements using a spectroradiometer in a laboratory 
before trying to detect Earth objects using multispectral 
satellites. The similar research structure can be found, for 
example, in the article [8]. If a clay presence influences 
the spectrum 1300-2500 nm of soil [1], the reflectance of 
water above 1150 nm is close to zero [6]. By analyzing the 
reflectance of water suspense with clay particles (Fig.2), 
Tuominen et al. found the best correlation between the 
amount of added clay and the band ratio R709 / R585 [6], 
that contradicts with the band ratio R595 / R754 proposed 
by Gin et al. [11], that Tuominen et al. explained by the 
different type or the particle size of the added clay in two 
independent researches. 

At the same time, the source [12] provides the chart 
with water reflectance depending on its quality (Fig.3). 
The water with high or moderate sediment concentration 
(not exactly clay) has  similar parameters as the water with 
added clay (Fig.2 and Fig.3). Therefore, hyperspectral 
analysis of water samples using portable spectrometer 
is realistic, however, the clay detection using satellite 
images is controversial. This was proved by the results 
of pilot experiment – the Pearson correlation of all bands 
are smaller than the moderate relation (x < 0.5). The 
algorithm C4.5 provided the precision equal to 55.6%, 
which is close to the probability of task to guess one value 
from two possible. The scatterplots of bands and clay 
sediments are depicted in Fig.4. The decision tree of C4.5 
is depicted in Fig.5. 

Fig. 1. Reflectance of lake water and data about clay sediments

Considering the Fig.2 and Fig.3, clay added to water 
does not provide specific change of reflectance, that 
corresponds to the low Pearson correlation of all bands 
(Fig.4). The constructed decision tree uses the condition 
“B2 > 0.01” as the main feature for recognition (Fig.5), 
where B3 is equal to 490 nm wavelength. According to the 
Fig.4, B3 is the spectral band, where clear water decreases 
its reflectance, but water with sediments increases its 
reflectance. B6 (740 nm) is point, where the reflectance 
of clear water is close to zero, but water with added clay 
has strong reflectance decrease. B6 is close to bands found 
by Tuominen and Gin (709 nm and 754 nm respectively). 

Therefore the range 700-800 nm is important for clay 
detection, but detection bands are specific for each water 
body. The subject of Tuominen’s research was coastline 
water, where sediments are continually mixed with water, 
but a clay must sink to the bottom in static water. So, the 
category “water with sediments” of Fig.3 is the more 
correct description to the range 700-800 nm. Algorithm 
C4.5 has tried to identify the reflectance ranges of bands 
to complete classification, however, the usage of ranges 
is controversial too, because satellite images have errors 
caused by atmospheric effects and the values of pixels 
are averaged due to an image resolution. Additionally, 
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Tuominen mentions many factors, which can influence 
water spectral characteristics [6].

Fig. 2. Reflectance spectra of water samples containing varying 
amounts of added clay [6]

Fig. 3. (a) waters with very high sediment and gelbstoff 
concentrations, (b) high sediment and gelbstoff concentrations, 
(c) moderate sediment and gelbstoff with some phytoplankton, 

(d) clear water, (e) waters with moderate chlorophyll and 
sediment concentrations, (f) waters with moderate chlorophyll 

concentration [12]

IV. conclusIons

The literature analysis identified, that spectral imaging 
of lake water is not useful to detect clay sediments in lake 
bottom. That is proved by two facts: firstly, clay particles 
sink to the bottom in static water, secondly, shape of 
spectral reflectance of clay suspension is similar to 
suspension with other sediment particles. The completed 
pilot experiment provided a similar conclusion. However, 
it does not contradict with Tuominen et al. [6] and Gin et. 
al [11] results, who studied suspended clay of coastline 
using field spectrometer.

Further research can include studies of indirect 
indicators, for example, - phytoplankton. Due to their 
turbidity the clay particles due reduce Solar energy 
available to the grazers or bacteria, but they may, however, 
contain nutrients and trace-elements that can be utilised by 
phytoplankton or bacteria [13]. In lakes, the clay-related 
turbidity has shown to have serious effects on the food 
web and an ability to prevent the improvement of the lake 
condition due to the restoration methods [14].

If clay sediments are related with the retreat of glaciers 
and common to glacier lakes, the geospatial analysis can 
be applied to detect geospatial relations among cleyey 
lakes.

Fig. 4. Scatterplots of RGB and NIR bands, where points are clustered 
by the presence of clay sediments”

Fig. 5. Decision tree constructed by C4.5
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