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Figure 2: a) Output of EC index (image related to April 4, 1400), b) EC index with a threshold for
better display
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Figure3: a) salinity intensity map of the region with the EC method in the Lake Urmia area, b) salinity
intensity map with the EC method in the west of Tabriz
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Figure4: a) EC index output, Tabriz Refinery area (date 12 Aban 1400), b) EC index with a threshold
value for better display
S uT G ey p Sy b sl soliwl -Y-)-Y
Zian, ).)5...:‘5,0 oslazuwl 6)9‘.: uo]u).) lg‘ 9 )94» Ltho\)jm ‘5>LU.JL.~J (5‘)" ‘50.'.19 LngL)a?Lw )| Y}Q.xm )5d )‘ V»«M )Q
Sy b sloazls jlsolatwl pgo pl5 deg )l 4zl 5, Coond 10 S g Ol (6,58 oy yokiio 4 5 anlllas ol ,0.(2001
J.u..e )" S50 (w2 6‘)‘3 Gn..la alise 6Lbua>'l...’b )'L Sog S 6&7% ¢5.’.L“‘L‘-“‘ XN Y S T slass C‘)’.‘:“"
5 o35S diels a5 ogi e ooliiwl S (5)5d 8,50 4 bae Gl Cand laby, b slaasls 5l eslaial o
S 65 dy3lp sl b adls paiz 5l 5w ol o SIS e a4 Sl (5558 dnwle slaei,sSUl glgil (g5lwesly
W 4..3; O yg0 U’m‘ s.s)l Jf; Ja.aar.a BN 4.]99;}@ u...«.:y..\fa sslazul

NDVI s Li-)-Y-1-¥
255 S0l G 5 2 slratgog o3Y (al plad S8 ooy 9550 (2] 4y 3 ol )58 Sy (Sl S Sl a ez g L
op B b cwlie b slagasls sl eslitul w)ls 0 )5 (ol (dgy (plulid )0 &5 (il alox 5109 (o) p g (olulid
lolis gl @Bly o asls ol sl NDVI asls jl solitul T atgy ololid sy calie b, Lly, 5 S il oo
5530 Sld 58 o 1,5 osliial 85055 ool Linbiny arlolid (gl (liS e aizmins Lol (5355 ;51 Lol sl o BLS iy
aw 5l dlie ol jo ansl oo (NIR) Sl 308 eole JUIS 5 R 30,8 JU Wl Jolis 098 o ooliinl (69559 (lains a5 oolain!
el s 308 gole 4y bigsye 0 il g posd 4 bigppe ¥ il byl 4o, el o oaliil NDVI clwlone gl cilizeo s,
(Gaadi et ol oo dslxe ) &j90 4 anlllas 3,90 03gazme 4 bgy o NDVI Lasls by o sloary avlxac Jol g,

.al.,2021)

ALV
var Landsatl = ee.ImageCollection('LANDSAT/LE07/C01/T1_SR") ,slas Jlss1,3
filter(ee. Filter.lessThan(CLOUD_COVER,5)) oy 5 iy polas Gio> ik
select('B[4 — 5]") ... .normalizedDifference (['B4’,'B5'])

sy (omyp 4 b SiS 5l ol Gidg 3lelaz lam g oad (cwyp dag)l azl e o] b Cumag ¢ 398 Lulg, 5l eslil b
Jol> (7,5 aiii 4 azg L0 JSE)Cel ool ools ioled sblie ol ilgy Cumdg 5l (29,5 4ii g ool 4o,y O (650
a0 ) ¥ Lgl.m\.:b )‘ salazul L Lg‘o)‘s.lbu JJBLAJ Ja.wy gD LSJ (_gL‘bc\.'.efa LS’L“L“'“’ aS cas L)‘B" ¢ LS’—‘ L)“‘“"?" .b)j—l).g )‘

Lol aezetd JB zaog a5 pdy Sl Acewad


http://geographical-space.iau-ahar.ac.ir/article-1-4045-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 8:04 IRST on Friday November 28th 2025

AFeF L AR oylosds pxdy 9 Cowan 090 ¢ 2Ll 2 (gLad ode aolilad A

lojlsale ygas o Fasaz (Al 3] Jlo aw slools 5l oo (6 S puSibe palas Liwgs dag)l axl o o sloaig 5,510 JS&
@l ai 0955 lete Sz 0ad W 55 (2l AL (2955 (v a4zl
Figure 5: Estimation of the water areas of Lake Urmia by averaged images from the months of the last

three years. a ) The latest satellite image of Lake Urmia, b) blue index output, ¢) Classified output to
distinguish the blue zone
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Figure 6: image output from the extraction of bands 4 (Red) and 5 (NIR) of the Landsat 8 sensor
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Figure7 :Output image of NDVI calculations. a) first method, b) second method and c) third method
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Figure 8:Estimation of the water areas of Lake Urmia from the average months of the last two years by
Landsat sensor9. a) RGB image of Lake Urmia, b) Map with false color R-NIR-B, p) NDWI index
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Figure 9: Output of GDVI index related to Lake Urmia, Landsat 9 sensor image related to April 4,
1400, NDVI output with color palette to separate water cover and vegetation to identify salinity
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Figure 10 :The output of the water salinity map using the NDSI method from the Urmia Lake region

on 12 Mehr 1400
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Figurell: Output of the salinity map using the NDSI method from the Tabriz refinery area on 12 Mehr
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Figurel12 :Output of water salinity map using Sl; method from Lake Urmia region on 12 Mehr 1400
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Figure 13 :Output of water salinity map using SI1 method from Tabriz Refinery area on 12 Mehr 1400
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Figure 13: Output of water soil map using SI12 method from Lake Urmia region on 12 Mehr 1400
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Figure14.Output of soil salinity map using SI12 method from Tabriz Refinery area on 12 Mehr 1400
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Figure 15: Output of the soil salinity map using the SI3 method from the Urmia Lake region on 12

Mehr 1400
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Figure16:Output of soil salinity map using SI3 method from Tabriz Refinery area on 12 Mehr 1400

"9 s le-F-b-Y-)-¥
3 eiosSIl ol (o2l dalsy (g3luenly (sl a5 el (5,58 051 gz ik glaatli (50 )5 5 (S0 Tv ik a3l
adlge o Db 4 by o B3 adlge a5 048 o ooliiwl Auwad ojlgnle b dw I bxisl 4o .o ol s sdiziw (il o
S ezl Sl US55 sl o oyl cal alise (Sles 5058 (pgole JUIS 4y bogapo BS addga 5 50,8 JUIS il 4 Lo B4
Ql}c:..oy olfo.b L S| Ty L> S Sop adss )‘ Spypa t5>5)'> Aol 5O 9 WA 65).!.«0 oW GLQJJL: LQ)M‘)L) (839,99 63D
g Oy91p g el &) JS5S slad o Sy asls g5l ool (VA 91V sla JSi)aias ools iuled (og,5 aiis LJB ,o )]
LSS Djgo p) Dyge & S
var SI4_landsat8 = Landsat8. map(function(si4_L8) (Voaky,
(B4 = B5) )

var indexSI4_landsat8 = si4_L8. expression(’ B3 ,

{'B3":si4_L8.select('B3’),
'B4':si4_L8. select('B4"),
'B5":si4_L8. select('B5")});

b bl buyl jo il oo S (5,88 casmolis Sls oLyl eslatul b ages )| axly o adlain jo guls VWY)JSS (25,5 Gub
blassls ol 05 K5, b 3blio g 95)l0 (Vb (5598 doy0 (26,6 5 508 Ky b blio 09 o0 aislis ol aig oy o )
Tl Gl e dops (2l g e S5, b bl jo ol ab) el (pl 4 dzg bl lwgle (6550 wo)o
25 et dilbie 0 ONUSS (295 Gbaasge olii | 093 @l Sk (a3ls & bype (295 4 Cens(V V) IS
Qoys (6,6 g jo 8 Sy b ed bl Lol jo bl S (6,08 sammolis Sy Lasls 5l eoliiwl b 5,5 oKaoVh sogase
bl (al )5 (LS gy 5 W)ls (awgie ()98 &5 Wgdoe ol 1) pb SlaSL 0,5 K, b gblie wijls (VL jlews 5598

2,100 5929

" Salinity Index — Type4


http://geographical-space.iau-ahar.ac.ir/article-1-4045-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 8:04 IRST on Friday November 28th 2025

WV

Wer e Wb -'95%;*“-“:“5)‘ azbye 3 s‘f 0P b S ()8l Al gy VY S
Figurel?7 :The output of the soil salinity map using the SI4 method from the Lake Urmia region on
12 Mehr 1400

MWLHQ S 6)9“455.)16)3“0)5])46‘))‘59‘.‘46&&@)‘ ooLo...,..de..\mob.a uuwlsw)‘.)&)jm@bu)b

“+ 0

Vo e W b 4 bgpe s o2V S‘ i b B (g5 k2,5 A S
Figure 18:The output of the soil salinity map using the S14 method from Tabriz refinery area on 12
Mehr 1400
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Investigation of water and soil salinity in the areas east of Lake Urmia and west of Tabriz ,Due

to the advancement of underground saline water, using remote sensing

M.Bayati Khatibi * s N.Zabet ,K,Valizadeh

Introduction
In recent decades, in the basin of Lake Urmia, both affected by climate changes and due to the lack of

awareness of farmers on the principles of agriculture and carrying out a series of construction
works with the aim of achieving short-term benefits, the soils and waters of the area have suffered a
decrease in quality and a pollution crisis. So that due to the exploitation of the soil in the exploited
areas, it has lost its quality. Currently, millions of hectares of cultivated land in the world have
become so salty that it is no longer economically viable to produce crops in them. It is not
economical . This amount in Iran and around Lake Urmia is nearly six times the global rate. The
phenomenon of salinity is felt more when the concentration of salts in the soil exceeds the normal
limit . Given that about half of the irrigated lands in the world are affected by salinity, excessive
accumulation of sodium, which causes soil toxicity and inhibits the growth of plants, has become a
major limiting factor in the production of agricultural products. Is In Iran, due to the fact that a
large part of the country is located in arid and semi-arid areas, the problem of salinity has become a
big problem in agriculture. In Iran, about 14.7% of the total area of the country is made up of saline
lands, and nearly 50% of the agricultural lands are faced with the problem of salinity or alkalinity
and waterlogging to varying degrees . In the Azerbaijan region due to Lake Urmia, and illegal
cultivation and extraction of underground water, soil salinity has become a big problem in a large
part of the region and it seems that its dimensions will increase in the future. In this article, the
most research focus is on the problem of salinity. The soil is within a radius of a few kilometers
from Lake Urmia and near Tabriz. Preliminary observations and studies show that the problem of
water salinity and then soil salinity has increased in the study area to such an extent that it has
caused farmers to complain and abandon agriculture. and in terms of the dangerous dimensions of
the problem, it has drawn the attention of researchers to the problem of soil salinity. The main
reason for focusing on this area is excessive soil salinity within a 50-kilometer radius of Urmia
Lake.

Key words: soil salinity, water salinity, spectral indices, EC index, east of Lake Urmia, west of

Tabriz

Materials and methods
In this article, for more detailed investigations, atmospheric correction was attempted on the images.

There are many methods for performing atmospheric corrections, but the QUAC algorithm is very
fast compared to other methods based on physical calculations . In this article, the latest versions of
this algorithm, which are available in ENVI software versions for the purpose of correcting satellite
images such as Landsat, were used, and the image preprocessing codes were implemented in the
Google Earth Engine system. between 0 and 1. It should be noted that surface reflectance is used
considering atmospheric effects such as aerosol dispersion and thin clouds that can help to detect
and describe changes in the earth's surface and also Doing it improves the comparison between
several images in the study area. The important part in this research was the use of spectral indices
and salinity indices to identify the salinity of the regions. To use these indices, images were first
selected and relevant data extracted. In this research, Landsat time series images were used with
necessary corrections, and in the next step, the corresponding algorithm was designed and the
output maps were taken.In this study, the data of OLI and TIRS sensors (Multi-Spectral and
Thermal-Bands images) with time series images from the area of Tabriz Refinery, last 20 years
(Landsat 8 satellite) have been used. After selecting the area and in the previous stage Processing,
necessary corrections for the visual interpretation of the areas, (contrast improvement) of the
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images have been used to clearly define the salinity threat ranges. Then, according to the spectral
reflections of the salt flats in different bands of the Landsat meter and by resorting to the spectral
attribution method, as well as using various spectral indices, the ranges and salt flats have been
identified. To process the images by spectral indices, the calculation of Surface Reflectance value
was done, which sets the range of image pixels between 0 and 1 and calculates and displays the
amount of reflected energy from the surface of the phenomenon. In this research, pre-processing of
images has been done to implement spectral indices. As mentioned, in fact, the most important step
in this study is the use of different spectral indices to extract soil salinity maps such as SI3, SI2,
Sl1, SI, NDSI, BI, 1t was NDVI.

Discussion

Due to the fact that water salinity is often the main factor of soil salinity, for this reason it is of
primary importance to estimate water salinity in the first stage. The SI-1 spectral index is
considered one of the most important and suitable spectral indices for estimating water salinity.
Importance, in this research, it has been tried to estimate the water salinity in the investigated area
with different indicators. The SI-1 band ratio algorithm is one of the most widely used methods for
calculating water salinity. This algorithm is calculated as a mathematical relationship SI1=(R /
NIR)*100. To estimate salinity using the mentioned index, three bands of Landsat 8 satellite have
been used, component B4 is related to the red channel band and component B5 is related to the
mid-infrared channel. According to the ground matches, it can be concluded that the SI-1 algorithm
has a better performance in estimating water salinity. In fact, the SI-1 method can be clearly seen
and investigated in monitoring water salinity and soil salinity in the region. One of the reasons for
the change in the chemical properties of water can be due to many reasons, including changes in
the way water is managed, environmental changes, and changes in the amount of underground
water extraction, which in itself causes the fresh waters adjacent to the waters The salinity has
changed its range and eventually the arable soils will also become saline due to continuous
irrigation. There are many methods to check the saline ground water that affects the soil salinity,
one of the methods to check the salinity of the underground water is using the technique is the
difference In the difference technique, the spatially recorded images at times t1 and t2 are
differentiated pixel by pixel to produce an image that shows the change between the two times ), if
t1 band 1 is the first date image and t2 band 1 is the image of the second date, the changes in the
region can be obtained from the following relationship,x = t(2) — t(1) + C relation (4)

The constant number C is used to prevent the value of x from becoming negative, which is usually
chosen as 127 (Moser, 2009). In this case, if 61 < x, it indicates the presence of change, but if 61 >
< x o2, it indicates the absence of change. If o1 > x also indicates the presence of change.The
results show that in the 5-year period from 1384 to 1389, the amount of soil salinity in the central
and northern areas of Tabriz Refinery has increased and the area of saline soil in these areas has
increased compared to the last 5 years. The central point of the map is the exact location of the
Tabriz refinery, and the soil salinity has increased in the northern areas of the refinery, which
includes agricultural lands. The output map shows that in the 10-year period, salinity has increased
by 79-89% in agricultural lands.

Conclusion

Climate changes along with the lack of change in human performance against nature and on the
contrary the intensification of unprincipled activities related to water use and soil erosion have
changed the natural conditions of water and soil in the areas close to human settlements at a high
speed. The salinity of water and soil is one of the consequences of such unprincipled behavior of
man with nature. Unfortunately, in recent decades, the human factor has shown itself, especially in
the investigated area. Its blue expanse has become a threat factor. According to the findings of the
research, there have been many changes in the eastern part of Lake Urmia, which is at a lower
altitude, and most of the river flows are connected to Lake Shore, and these changes over time have
caused an increase in the salinity of soil and groundwater in the eastern areas of Lake Urmia. The
density of human centers and as a result the increase of water-bearing industrial centers has caused
a lot of underground water extraction in this area, which has led to the advance of saline
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underground water towards the previous fresh water. This problem is in the western areas of
Tabriz. and it is more evident around the Tabriz refinery. The concentration of industries, towns,
second homes and agricultural lands in the eastern part of the lake and the western part of Tabriz
has caused the soil in the western areas of Tabriz city to gradually and in recent years with high
water consumption. The higher the speed, the more salty. Due to the large area under the influence
of salinity in the investigated area, one of the necessities of this research was the use of satellite
images. Covering the study area with an approximate area of 35,000 square kilometers was a
challenge that seemed to be possible only by using satellite images.
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