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SUMMARY

Using the data of remote sensing of the Earth and modern GIS technologies, surface water monitoring
methods were demonstrated using the example of the Kremenchug Reservoir. This technique was
developed for further study of the state of water pollution, water quality and the introduction of
appropriate measures to prevent the deterioration of the water environment.
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Introduction

Remote sensing of the Earth (RSE) is a method of obtaining information about various objects, dynamic
processes and phenomena on the surface of the Earth, in its interior and atmosphere by recording reflected or
own electromagnetic radiation at a distance without direct contact. Registration is carried out using technical
means installed on air or space carriers (Zatserkovnyi V. 1., 2018). The integration of geographic information
systems (GIS) and Earth remote sensing technologies is an effective tool for understanding and evaluating the
interaction of different components in geo- and ecosystems at different levels from local to regional and global.
The analysis of RSE materials using GIS makes it possible to create electronic terrain maps taking into account
the actual changes of the studied territories, which, together with digital relief models (DRM), cartographic
and attributive information, provide monitoring, dynamic assessment and forecasting of the state of geoobjects
as a whole (Semeniaka V.Yu., Zatserkovny V., lichenko A., Yevsieieva-Severyna 1., llyin L., 2021).

Methods and Theory

Remote sensing data usually comes from satellites, the number of which is quite large today, the most notable
of which are the Landsat and Sentinel mission satellites. These satellites are equipped with high-quality
imaging equipment and high-precision sensors capable of detecting the smallest changes in the visible and
invisible infrared spectra (Semeniaka V., Zatserkovny V., lichenko A., Trofymenko P., Nikolaienko O., 2021).
The Earth remote sensing data collection system includes: a source of electromagnetic radiation, radiation
passing through the atmosphere, as well as radiation objects and a recording sensor. Sensors can be both active
and passive. It is worth noting that passive sensors record reflected or natural radiation, and active ones are
able to emit the necessary signal and record its imprint from the object (Agriculture in Ukraine, n. d.).

All the data obtained from the listed devices are multispectral images, so further interpretation of the data and
identification of their physical content is required to obtain the information contained in them. This stage of
data analysis of RSE is called decoding or decoding of the image.

Image processing means not only the improvement of visual perception of images, but also the classification
of objects performed in the process of image analysis.

Computer image processing is possible after converting the image signal from a continuous form to a digital
one. The efficiency of processing depends on the adequacy of the model describing the image, which is
necessary for the development of processing algorithms. The image model is a system of functions that
describe the essential characteristics of the image: the brightness function, which reflects the change in
brightness in the image plane, spatial spectra and spectral intensities of images, autocorrelation functions. The
image channel contains an optical system, an optical-to-electrical converter, an analog-to-digital conversion
(ADC) device and digital processing of image signals.

Figure 1 presents the combinations of different channels based on the Landsat-8 image and describes their
application on the example of the Kremenchug Reservoir (Davybida L.I., 2012).

The combination "4, 3, 2" are natural colours, that is, those colours are used that are best perceived by a person.
Healthy vegetation is shown in intense green, roads in grey, damaged and transformed vegetation in brown
and yellow, coastlines in light, near white, clouds and snow in white (Fig 1.1).

The combination "5, 4, 3" is artificial colours with a preference for red. This combination of channels is mainly
used to study the state of vegetation and crops. Indicators of the well-being of broad-leaved plants are saturated
shades of pink and red colours, and lighter shades characterize grassy, shrubby vegetation or a sparse forest.
Coniferous forests are painted in dark red or tend to brown. Clouds, snow and ice are painted white or shades
of blue, the ground varies from dark to light brown (Fig 1.2).

The combination of "5, 6, 4" is a combination of near, mid-infrared channels and a visible red channel. This
combination clearly demarcates land and water. The vegetation in this combination is displayed in various
shades of brown, orange and green. Thanks to this channel, it is also possible to analyse soil moisture, the
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higher it is, the darker the shades of the soil will look - this is due to the absorption of infrared radiation by
water (Fig 1.3).

The combination "5, 6, 2" shows vegetation in green, orange, red and brown shades. A deep and clear water
surface may appear very dark blue or even black, however, if the user encounters shallow water or water
containing a large number of suspensions, then the colour will change to lighter shades. Adding an average of
the infrared channel will be able to tell the difference in age vegetation (Fig 1.4).

The combination "6, 5, 4" displays the soil in pink-lilac, and the undisturbed vegetation in bright green. This
combination allows for the analysis of agricultural vegetation, it is also used to monitor the vegetation cover
and to assess the condition of forest lands (Fig 1.5).

The combination of "7, 5, 3" allows you to get an image close to natural colours, but also provides an
opportunity to analyse the state of the atmosphere and smoke. They show up well in desert areas of this
combination. It is also convenient for studying wetlands. Flowering vegetation is displayed in bright green,
grassy areas are light green, open soils are painted in pink colours, brown and orange shades are characteristic
of sparse vegetation. Water depicted in blue and cyan tones (Fig 1.6).

The combination "7, 6, 4" is similar to the previous one, but contrast the image is much higher, which makes
it possible to highlight the coastline as best as possible. Areas prone to frequent flooding appear dark blue or
black (Fig 1.7).

The combination of "7, 6, 5" is a combination of infrared channels that display images in blue. This
combination makes it possible to analyse soil textures and moisture. Vegetation is displayed mainly in blue
(Fig 1.8).

(Fig 1.5) (Fig 1.6) Fig (1.7) Fig (1.8)

Figure 1 Combinations of Landsat-8 channels and their values on the example of the Kremenchug Reservoir

Spectral indices are used to automatically delineate landscape features such as snow/ice, clouds, vegetation
and water on Landsat images, where they create an "index stack" using three sets of indices (ArcGIS Pro:

Index Gallery, 2022).

For this purpose, there are various water indices, calculated taking into account the data of remote sensing of
the Earth. In this article, we will consider the most popular of them. To study the calculated indices used to
distinguish water bodies on the Earth's surface, images from the Sentinel-2B satellite were taken (Figure 2)
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NDWI = (NIR-SWIR / NIR +
SWIR)

From these raster images, you can
determine which fields are
harvested, which are planted with
different crops, and how wet they
are. According to the NDWI scale,
the lower the value of the index, the
greater the probability that there is
no moisture in this area, and vice
versa.

MNDWI = (GREEN - SWIR3) /
(GREEN + SWIR2)

If you compare the obtained raster’s
according to the NDWI and
MNDWTI indices, you can see that
the latter turned out to be less
contrasting. It is easier for the
operator to distinguish the
boundaries of some objects, for
example, fields, reservoirs.
MNDWTI is best used if the area is
heavily built-up, as using the visible
green channel instead of the NIR
band allows better separation of
buildings and water features.

NDTI = (RED - GREEN) / (RED
+ GREEN)

As we can see on the composite
image in natural colours, the water
in the Kremenchug Reservoir is
quite cloudy and green. The
recalculation in NDTI gives us the
same picture. Low index values are
displayed on the map in yellow and
correspond to clear, unclouded
water, and vice versa.
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(Vegetation Indices, n. d.).

Figure 2 Calculation of vegetation indices based on data from Sentinel-2B images (object — Kremenchug

Reservoir)
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Conclusions

In the course of the research, a comprehensive study was conducted for ecological monitoring of groundwater
using the example of the Kremenchug Reservoir. Space monitoring is an effective means of monitoring the
environmental situation in the regions. Regular remote sensing of the Earth helps monitor natural processes,
as well as changes caused by human and animal activities. Modern radar devices allow you to observe the
earth's surface at any time of the day, regardless of the state of the atmosphere.

Space monitoring is widely used for landscape structure, natural resources and types of nature use, as well as
for analysing the degree of pollution of the atmosphere, land and water resources, in the assessment of
anthropogenic and technogenic impact on the environment.

The article highlights the methodology of groundwater monitoring based on space images using ArcGIS
software. The method of deciphering and determining the ecostate of the territory based on spectral indices
such as NDWI, MNDWI, NDTI is demonstrated. The obtained data can be used in the development of projects
to preserve and improve the state of the environment.

References

Agriculture in Ukraine. [Electronic resource]. Access mode: https://dlf.ua/ua/silske-gospodarstvo-v-
ukrayini/#main.

ArcGIS Pro: Index Gallery. - [Electronic resource] - Access mode: https://pro.arcgis.com/ru/pro-
app’/help/data/imagery/indices-gallery.html (in Russian) (4), 167-176. (In Russian).

Babiy L., Hrytskiv N. [2007] Space remote sensing methods in solving forestry problems. - [Electronic
resource] - http://science.lpnu.ua/sites/default/files/journal-paper/2018/jun/12834/babiy-grickiv.pdf (in
Ukrainian)

Davybida L.I. Dovhostrokovyi rehionalnyi prohnoz i kartuvannia pryrodnoho rezhymu rivniv gruntovykh vod
(na prykladi terytorii okremykh administratyvnykh oblastei) [Long-term regional weather and natural
mapping mode groundwater levels (for example, certain areas of administrative regions)]. Visnyk Taras
Shevchenko National University of Kyiv. Geology, 2012, no. 56, pp. 45-48.

Semeniaka V.Yu., Zatserkovny V., Ilchenko A., Yevsieieva-Severyna I., Ilyin L. (2021) Application of
geoinformation technologies in simulation of landslide processes. [Electronic resource]. Access mode:
https://www.earthdoc.org/content/papers/10.3997/2214-4609.20215K1007.

Semeniaka V., Zatserkovny V., Ilchenko A., Trofymenko P., Nikolaienko O. (2021). Application of GIS,
remote sensing and GPS technologies for forest fire monitoring tasks. [Electronic resource]. Access mode:
https://www.earthdoc.org/content/papers/10.3997/2214-4609.20215K2062.

Shestopalov V.M., Lialko V.I., Ohnianyk M.S., Sytnikov A.B., Sukhorebryi A.O., Hudzenko V.V.,

Vegetation Indices. [Electronic resource]. Available: https://www.13harrisgeospatial.com/docs/Vegetation
Indices.html

Zatserkovnyi V. I. Remote sensing of the Earth. Physical fundamentals, Kyiv, 2018,.25-26 p.

International Conference of Young Professionals “GeoTerrace-2022”
3-5 October 2022, Lviv, Ukraine



