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Abstract: The Aral Sea has been drying up for years. As a result, sandy areas appear in the dry part of the Aral
Sea. This, in turn, has a negative impact on the environment of the regions of the Aral Sea. This article examines the
negative impact of the drying up of the Aral Sea on the Aral Sea region. Areas from the Ustyurt Plateau and the
Amudarya Delta were selected and analyzed. Data were taken from Landsat 8 and calculated in eCognation based
on special algorithms and formulas, and the images were processed in ArcGIS. The research was conducted on a
seasonal basis in two selected regions as of 2020. In the research identified NDVI, NDBI, SI, NDWI, MNDWI, LST
indices and learned their interrelationships in the regions. Due to the fact that the selected areas are mainly arid,
harsh conditions and desert areas, a geographic information analysis of the use of these lands as pastures was
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Introduction One of the most pressing issues in the region is

Pastures are one of the most important types of to ensure the efficient use of sandy soils formed as a
agricultural land (Norqulov and Sheraliev, 2010, result of the drying up of the Aral Sea, to reduce and
Sultashova et al., 2020). The role of pastures in prevent the negative effects of drought (Berdimbetov
providing the population with quality milk and dairy et al., 2020). To do this, it is necessary to first study
products, quality meat products is very important the level of impact of the negative consequences by
(Parente and Ferreira 2018, Osvaldo et al., 2018). In region.
agriculture, the use of lands with dry and unfavorable The relationship between natural factors such as
climatic conditions mainly as pastures is more vegetation rate, precipitation, and temperature
effective (Di Bella 2004). This category of land is changes in the efficient use of land around the Aral
recommended for grazing sheep and goats, and this Sea has been extensively studied (Mathew, Stuart
category of land is found around the Aral Sea. 2020, Julianne et al., 2020). It is also important to
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study and analyze plant vegetation, land use, water
use, soil salinity, and soil temperature levels.

Most of the area is sandy, the climate is dry,
variable precipitation is observed mainly in winter and
spring, almost no precipitation in summer and
autumn, very low snowfall and short-term storage in
this area, as well as high evaporation rates in the
summer months, it is necessary to study the level of
use of these lands as pastures in agriculture.

Study area

The Aral Sea is situated in Central Asia, between
the Southern part of Kazakhstan and Northern
Uzbekistan (Turdimambetov et al., 2021, Christopher
etal., 2020, Izimbet et al., 2020). In selecting the sites
for the study, it is advisable to pay special attention to
the study of the negative effects of the drying of the
Aral Sea on a regional scale. Basically, the selected
area on the Ustyurt Plateau is located in the
northwestern part of the Aral Sea (X: 541305-579015,
Y: 4977345-5003685) and the selected area from the
Amudarya delta is in the southeastern part (X:
720135-743655, Y: 4777575-4792425) located. The
selected areas are located in the territory of the
Republic of Uzbekistan.

During the study, it is advisable to study the
lands as natural pastures. In the study of the natural
properties of the two regions selected in the study, it
is important to implement on the basis of data from
Landsat 8 and determine the relationship between
NDVI, BSI, NDWI, MNDWI, SI and LST and
develop scientifically based recommendations.

Normalized Difference Vegetation Index:
(NDVI) quantifies vegetation by measuring the
difference between near-infrared and red light. NDVI
always ranges from -1 to +1. As shown below,
Normalized Difference Vegetation Index uses the
NIR and red channels in its formula:

NDVI =(NIR-RED)/(NIR+RED); 1)

Healthy vegetation (chlorophyll) reflects more
near-infrared (NIR) and green light compared to other
wavelengths. But it absorbs more red and blue light.
Overall, NDVI is a standardized way to measure
healthy vegetation. When you have high NDVI
values, you have healthier vegetation. When you have
low NDVI, you have less or no vegetation (Jaksibaev
2020, gisgeography.com).

Bare Soil Index: BSI is a numerical indicator that
combines blue, red, near infrared and short wave
infrared spectral bands to capture soil variations.
These spectral bands are used in a normalized manner.

BSI is calculated (Nguyen et al., 2021, Sanne et
al., 2017):

BSI=((SWIR-RED)-(NIR+BLUE))/((SWIR-

RED)+(NIR +BLUE)); @)

The Normalized Difference Water Index: NDWI
is a remote sensing derived index estimating the leaf
water content at canopy level.

NDWI is calculated (Luyan Ji et al., 2015):

NDWI=(NIR-SWIR)/(NIR+SWIR); ®3)

The Modified Normalized Difference Water
Index: MNDWI uses green and SWIR bands for the
enhancement of open water features. It also
diminishes built-up area features that are often
correlated with open water in other indices.

MNDWI is calculated (Luyan Ji et al., 2015):

MNDWI = (Green — SWIR)/(Green+ SWIR); 4

The Salinity Index: The salinity index measures
the  direct relationship  between  Electrical
Conductivity (EC) and moisture. This ratio tells you
the concentration of salinity in the available moisture.
For instance, with moisture being consistent and EC
rising, salinity concentration will go up and salinity
index will rise.

Sl is calculated (Mohamed Elhag 2015):

SI=(NIR*RED)/(GREEN) ()

Land Surface Temperature: (LST) is the
radiative skin temperature of the land derived from
solar radiation. A simplified definition would be how
hot the "surface" of the Earth would feel to the touch
in a particular location. Land surface temperature is
not the same as the air temperature that is included in
the daily weather report.

Calculation of LST: The first step of the
algorithm is the input of Band 10. After inputting band
10, in the background, the tool uses formulas taken
from the USGS web page for retrieving the top of
atmospheric (TOA) spectral radiance (LA):

LA = MLxQcal + AL, (6)

Where ML represents the band-specific
multiplicative rescaling factor, Qcal is the Band 10
image, AL is the band-specific additive rescaling
factor.

After the digital numbers (DNs) are converted to
reflection, the TIRS band data should be converted
from spectral radiance to brightness temperature (BT)
using the thermal constants provided in the metadata
file. The following equation is used in the tool’s
algorithm to convert reflectance to BT:

BT=(K2/In[(K1/LX)+1])-273.15, )
where, K1 and K2 stand for the band-specific thermal
conversion constants from the metadata.
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Next step of the algorithm is NDVI Method for
Emissivity Correction. NDVI is calculated from the
first equation above. Then we calculate the Proportion
of Vegetation. It is calculated as follows:

PV = (NDVI-NDVI.)/( NDVIu- NDVI))?, (8)
Then land surface emissivity is calculated:
£ =0.004* PV+0.986, 9)

The last step of retrieving the LST or the
emissivity corrected land surface temperature Ts is

computed as follows (Jaksibaev 2020, Avdan and
Jovanovska 2016)

Ts = BTH{1+[(ABT/p)*Ine]} (10)

Results and Discussion

The regions were analyzed based on the above
data and formulas. Figure 1 below provides a
descriptive analysis of the selected area on the Ustyurt
Plateau according to the studied indices. It is advisable
to perform the analysis using the statistical method
(Jaksibaev, Aleuov 2020, Embergenov et al., 2020).

Figure 1. a) NDVI, b) BSI, ¢) NDWI, d) MNDW]I, e) SI, f) LST (in October)

As can be seen from Figure 1 (a), we can see that
the vegetation index is very low in the eastern part of
this area and that there is a water source here (Figure
1 (c, d)). Figure 1 (e) shows the low salinity of this
water source. But we can see places with high levels
of salinity in the northeast and southwest of the region.
Figure 1 (f) shows that areas with high salinity levels
also have higher soil temperatures. This means that in
areas with high salinity, the soil temperature will be
higher.

The following analysis shows that the vegetation
index varies from season to season. The highest
vegetation index is reached in summer and early
August. As the level of vegetation increases, bare soil

index reaches a higher level. This indicates that there
are plants in the area that grow in early spring and stop
growing with the onset of summer, and that there is a
lack of other plants instead of dry grass (Figure 2 (a)).
But, the vegetation level in the area is very low. The
water index peaks in winter and declines in spring and
summer. This means that the evaporation rate in this
area is very high (Figure 2 (b)). Figure 2 (c, d) shows
that the highest salinity occurs in the summer and
early August, and the soil temperature also peaks in
August. This means that as the land surface
temperature rises, so does the salinity of the earth's
surface.
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Figure 2. a) NDVI and NDBI, b) NDWI and MNDWI, c) Sl, d) LST
Figure 2 below provides a descriptive analysis of levels and water availability are very low (Figure 2 (a,
the selected region from the Amudarya delta c)) and salinity levels and land surface temperatures
according to the studied indices. We can see high are very high (Figure 2 (e, f)). This means that in order
vegetation levels in the eastern and southern parts of for the vegetation level to be normal, the water supply
the region (Figure 2 (a)). These areas have a high level level must be sufficient for the soil temperature and
of water supply. In the northwestern part, vegetation the salinity level must be low.
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Figure 3.a) NDVI, b) BSI, ¢) NDWI, d) MNDWI, €) SI, f) LST (on August)
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The vegetation index in this region also varies
from season to season. The highest rates are in the
summer and early August. We can see that the
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vegetation in this area belongs to different plants.
Because of the bare soil index in the area remains
unchanged during the intervals (Figure 4 (a)).
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Figure 4.a) NDVI and NDBI, b) NDWI and MNDW]I, ¢) SI, d) LST

The watershed rate is very low in August, but the
water availability of plants is high (Figure 4 (b)). This
means that there will be irrigated agriculture in the
area. Salinity levels began to rise in early spring and
peaked in August (Figure 4 (c)). Soil temperatures
also peaked in August. The similarity of the processes
taking place in both regions shows that the above
assumptions are correct.

Conclusion

Based on the above data and analysis, we can see
that land use around the Amudarya Delta is more
efficient than on the Ustyurt Plateau. Because of the

vegetation index was found to be very high in the area
selected from the Amudarya delta (Figure 5 (a)).
However, the salinity of the lands, which are
increasing as a result of the drying up of the Aral Sea,
is the same in both regions. The temperature
difference in the northern and southern parts of
Karakalpakstan is 28 days and the soil temperature in
the selected area of the Amudarya delta is much
higher and spring begins early, it is effective to use
these lands as pastures in early spring (Figure 5 (b))
(Sultashova et al., 2021).
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