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Table 2. Spectral indices used for soil salinity extraction

SI Salinity Index (VBLUE = R) Khan, N.M.; Rastoskuev,
V.V.; Sato, Y.; Shiozawa,

S (2005) (18)

Sh Salinity Index1 (vV/G * R) Douaoui, A.E.K.; Nicolas,

H.; Walter, C(2006) (10)

Sl Salinity Index2 (VG2 + R% + NIR?) Douaoui, A.E.K.; Nicolas,

H.; Walter, C(2006) (10)

Sl Salinity Index3 (VG2 + R2) Douaoui, A.E.K.; Nicolas,

NDSI Normalized Differential

H.; Walter, C(2006) (10)

Salinity Khan, N.M.; Rastoskuev,

Index (R-NIR/R+NIR) V.V.; Sato, Y.; Shiozawa,

NDVI Normalized Differential Vegetation
Index (NIR-R/NIR+R) R

ARRY

S (2005) (18)

Taghizadeh-Mehrjardi,
Minasny, B
Sarmadian, F.; Malone,
B(2014) (30)
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BI Brightness Index (VRZ + NIR?) Douaoui, A.E.K.; Nicolas,

TAS;  TASSELED (sl=

CAP1(Brightness)

TAS, TASSELED ( sl8 i
CAP2(Greenness)

H.; Walter, C(2006) (10)

~.slez)  Douaoui, A.E.K.; Nicolas,
H.; Walter, C(2006) (10)

S ) Douaoui, A.E.K.; Nicolas,

H.; Walter, C(2006) (10)

TAS;3 Cusb, 5 S iy Ll ki) Douaoui, A.E.K.; Nicolas,

TASSELED CAP3(Wetness)(s+

H.; Walter, C(2006) (10)
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Figure 5. (a) SI3 classification map of Landsat 8 for the year 2020, (b) SI3 classification map of Sentinel 2 for the
year 2020, (c) SI3 classification map of Landsat 8 for the year 2014
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Figure 6. (a) SI classification map of Landsat 8 for the year 2020, (b) SI classification map of Sentinel 2 for the

year 2020, (c) SI classification map of Landsat 8 for the year 2014
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Figure 7. (a) Wetness index classification map of Landsat 8 for the year 2020, (b) Wetness index classification
map of Sentinel 2 for the year 2020, (c) Wetness index classification map of Landsat 8 for the year 2014
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Table 3. Validation Results of Soil Salinity Spectral Indices
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Figure 8. Soil salinity map using the Kokriging method for 2020
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Table 4. Interpolation Error Metrics of Soil Salinity Using the Cokriging Method for the Year 2020
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Figure 9. Soil salinity map of SIs index by threshold method for 201
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Figure 10. Soil salinity map of SIz index by threshold method for 2020
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Abstract

Soil salinization is one of the most significant
environmental hazards in arid and semi-arid regions. This
research aims to estimate soil salinity over a specific
period using remote sensing techniques in Barkhar City,
Isfahan Province. To achieve this, various salinity indices
(NDSI, SI1, SI2, SI3), vegetation index (NDVI),
brightness index (BI), and spectral
indices were calculated and extracted using empirical
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relationships. The study applied the Support Vector
Machine (SVM) algorithm for classification of all
indices, followed by accuracy assessment. Ultimately,
the best indicator for soil salinity estimation was
identified. A total of 34 soil samples were collected
and subjected to normality tests using SPSS
software. An interpolation method was then applied
to the data. The evaluation of classified spectral
indices maps revealed that the SI3 index applied to
Landsat 8 (2014), Sentinel-2 (2020), and Landsat 8
(2020) imagery demonstrated the highest accuracy,
with Kappa coefficient values of 0.87, 0.96, and
0.94, respectively. Moreover, salinity maps
generated from Sentinel-2 satellite imagery were
more accurate than those derived from Landsat 8
imagery. Comparison of the results obtained
through the index thresholding method and
geostatistical analysis confirmed the reliability of
the indices in estimating soil salinity. The study's
temporal analysis of soil salinity in the area revealed
an increasing trend. Approximately 36% of
previously non-saline land became saline during the
study period, with the most significant changes
occurring in highly saline lands. Notably, about
1,067 hectares experienced severe salinization over
the observed timeframe.
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Extended abstract
Statement of the Problem: Soil is essential for life,

and monitoring soil properties is vital for solving
global environmental challenges such as food and
water security, reducing climate change, and
adapting and protecting biodiversity. Accumulation
of salt on the soil surface or in the root area causes
the loss of soil fertility and changes the physical and
chemical properties of the soil. It also has negative
effects on the ecological function of the soil. As a
result, excessive concentration of salt in the soil
may lead to the abandonment of agricultural land.
In general, soil salinity is one of the oldest
environmental problems and is considered as one of
the seven main factors of desertification. Increasing
the salinization of land and the threat of
desertification in Iran, a country with high
vulnerability dimensions, is dangerous. Periodic
1dentification, examination and accurate assessment
of the extent and intensity of soil salinity is very
important for managing agricultural and
desertification projects. Common laboratory studies
on soil salinity investigation, field samples are
collected and analyzed, as a result, they are very
time-consuming and expensive. soil salinity is very
variable even in short distances. Therefore, many
soil samples are needed to record the spatial changes
of soil salinity in a wide area.In the last few decades,
geostatistical methods and remote sensing data are
used to measure and investigate the trend of soil
salinity. Satellite images have a special ability to
obtain information from different areas, even
inaccessible areas, and the ability to investigate

changes in salinity over a period of time. One of the

biggest advantages of using this method is the

possibility of checking remote areas.

Purpose: The main purpose of this research is to
estimate soil salinity using remote sensing and
satellite images. Also, another goal of the research
is to investigate the changes in soil salinity between

2020 and 2014.

Research method: The studied area with an area of
10113 hectares, which is located in the two cities of
Isfahan and Barkhar according to the latest political
divisions of Isfahan province, and is located 35 km
east of Isfahan city. The location of the region is
located in longitude 29,56 and 51° to 30,7 and 52°E
and latitude 50,23 and 32° to 18,55 and 32°N. In the
present study, to estimate soil salinity, first salinity
indices NDSI, SI;, SI, Sk, SI;, vegetation cover
index (NDVI), brightness index (BI) and spectral
transmission indices using software Envi 5.3
software and were calculated and extracted using
empirical relations. Then, all the indicators were
classified by SVM algorithm method and by
applying validation and Kappa coefficient on all
classifications, the best indicator in estimating soil
salinity was determined. Also, in this research, 34
soil samples were checked for normality with
statistical tests in Spss software environment, then
interpolation was done using Cokriging method in
GIS10.5 software. Then, the best indicators in the
estimation of soil salinity were classified by the
thresholding method and compared with the
prepared interpolation map. Finally, by evaluating
and analyzing the SVM classification maps of the

best indicators and the classification map of the best
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indicators using the thresholding method in 2020
and 2014, the trend of soil salinity during the studied

period was determined.

Results and discussion: The evaluation of the
classification maps of spectral indices shows that
the SIz indices applied to the images of Landsat 8§,
Sentinel 2 in 2020 and Landsat 8 in 2014 are the
most accurate spectral indices for estimation with
the Kappa coefficient value of 0.9481, 0.9605 and
0.8783 respectively. soil salinity is, as a result, the
SIz index is the best index in estimating soil salinity
in the years 2020 and 2014, the reason for which is
the use of two bands, green and red, because in the
range of the red band, vegetation has the least
reflection and salinity has It is the most reflective,
and in general, saline soils have high reflectivity in
the visible range, and the salinity maps extracted
from Sentinel 2 satellite images are more accurate
than the maps obtained from Landsat 8 images.
Sentinel 2 satellite as the best indicator in estimating
soil salinity in 2020, has a Kappa coefficient value
of 0.9605; As a result, the Sentinel 2 satellite has a
higher kappa coefficient value than the Landsat 8
satellite, so it has a higher accuracy in soil salinity
estimation, although there are minor differences, the
reason of which can be the difference in the spatial
resolution of these two satellites. By comparing the
classification map obtained by thresholding the
indices, it was found that the indices are consistent
with the results of geostatistics and the indices have
sufficient accuracy to estimate soil salinity;

Examination of the index classification map and

examination of the interpolation map showed that
the highest degree of soil salinity is in the middle
parts of the studied area and the lowest degree of
soil salinity is in the southern parts of the area, and
non-saline soil is in the northeast and east of the
area. Finally, during the studied time period, about
552 hectares of non-salinity lands in the region have
experienced soil salinity, and the largest change in
the amount of salinity is related to highly saline
lands, so that about 1067 hectares have experienced
severe salinity during the studied time period. In
general, about 36% of the land without salinity has

become saline.

Conclusion: SI; index is the best index to estimate
soil salinity. The highest amount of soil salinity is
in the middle parts and the lowest soil salinity is in
the southern parts of the study area, also the lands
without salinity are scattered in the northern, eastern
and southeastern parts of the region. Investigating
the trend of soil salinity using monitored
classification maps during the period of 2014-2020,
it was found that the lands with saline soil in the
study area have an increasing trend. In such a way
that about 36% of the land without salinity is
affected by salinity; If this trend of soil salinity
continues, in addition to the lands without salinity
inside the study area, it will be a serious threat to the
lands around the study area, especially agricultural

lands.

Keywords: vegetation index, salinity index,
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