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Figure 1. A: Iran and West Azerbaijan, B: Location of the study area, C and D: Photos of the study area
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Figure 2. Sampling points and photographs of the study area (A and T: dried lake, B and H: wheat cultivation
areas, C: gardens of the region, S&SH: saline fields, KH: alfalfa cultivation areas)

slo,lgale yglai

V- i

V- Jiew wlasin Y Jgue
Table 1. Sentinel-1 specifications
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Table 2. Sentinel-2 specifications

Band Number Band Name Average Wavelength (um)  Spatial Resolution (m)

1 Coastal aerosol 0.43 60

2 Blue 0.49 10

3 Green 0.56 10

4 Red 0.65 10

5 Vegetation Red Edge 0.70 20

6 Vegetation Red Edge 0.74 20

7 Vegetation Red Edge 0.78 20

8 NIR 0.84 20

8A Narrow NIR 0.86 20

9 Water vapour 0.94 60

10 SWIR — Cirrus 1.37 60

11 SWIR 1.61 20

12 SWIR 2.19 20
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Figure 3. Laboratory work steps (A: sampling area, B: EC meter device, C: 3 mm sieve for soil separation, D
and E: soil samples saturated with distilled water, F: Buchner funnel device For extraction
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Table 3. Salinity and soil moisture indices used in this study

Relationship Reference Formula Spectral Index /-\_bb_rev

number -iation

1) Khazgaaésl, ) BI = (Sqrt(R X R)) + (G X G)? Brightness Index BI

2 Khag;ésl, : SR = (R — NIR) + (G + NIR) Salinity Ratio SR|

%) Wa(lfg%t:gal, ) Intl=(G+R)=+2 Intensity Index 1 Intl

) Wa('fg‘;tsa" ) Int2 = (G + R + NIR) + 2 Intensity Index 2 Int2
Dowai et ) _ N Intensity Index 1 red-

(6) (al, 2006 Intlrel = (G + Red _edgel) + 2 edge 1 Intl rel
Dowai et ) _ N Intensity Index 1 red-

@) (al, 2006 Intlre2 = (G + Red _edge?2) + 2 edge 2 Intl re2
Dowai et ) _ N Intensity Index 1 red-

(8) (al, 2006 Intlre3 = (G + Red _edge3) + 2 edge 3 Intl re3
Dowai et ) _ N Intensity Index 2 red-

9 (al, 2006 Int2rel = (G + Red _edgel + NIR) + 2 edge 1 Int2 rel
Dowai et ) _ N Intensity Index 2 red-

(10) (al, 2006 Int2re2 = (G + Red _edge2 + NIR) + 2 edge 2 Int2 re2
Furati et ) _ N Intensity Index 2 red-

(11) (al, 2015 Int2re3 = (G + Red _edge3 + NIR) + 2 edge 3 Int2 re3

. Normalized
(12) (F(;raé'o‘i? NDSI = (R — NIR) + (R + NIR) Differential Salinity O
; Index

(13) Wa(lfgegsal, ) S5=(BXR)+G Salinity index V S5

(14) Wa('fgegtsa" ) S6 = (B x NIR) + G Salinity index VI s6

(15) ( I;%y1§§ 2 SI=(BXR)x05 Salinity index |

(16) W""('fgztga" ) S1=(B+R) Salinity index | s1

17) Kh?g&;:" ) MSI = SWIR + NIR Moisture Stress Index ~ MSI
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Figure 4. Red-NIR model for estimating soil moisture

&



S Cash) g 6)9h )l pasdi 5 (g5le e

ates slaJae G xSlss ol sl Jow o5 gl
«(Dobson et al, 1985) ),Kan 5 ygunls lowgs aS
s b g (Mironov et al, 2004) |,Ken 5 3535 ,u0
3,50 oydol ailoads udgy (Top et al, 2004) ., Son
ALV G gl b5l (ay b sl
ol ez Bl 4 Joo (nl sl ok iy o 5 0lSS
S5 iSdlgs ol oS alizee gl (S 3 6l
Ot s Akly oo (Say b, S O
S o] SoSles culi g SB e O (Slgime
(Hallicaine et al, 1985) |,Ke ¢ S8 lowgs
3590 Hlewn ol (Sl Gl 55 sl 0als sols #,8
GO Fie 4 b abal) (nl 05 o0 )1 oslital
1 oo 03] S xSl g ol el adlge

mv = (—530 + 292¢ — 5.5&2

+0.043£3).10~*
Lilys j0 Game oS 5l gl lp ) ol

(Yo)

Glp Y8 Jse .ol oo ..\.u‘l., ol Slyze alizo
Aibor SB Zagh) 0,51 Cany

olg = amv + by 2

oty pglai b SL (598 (o
aolre Jaw jloslaal b loly i85k co po (g 5lwans

Loas 5le ared JUuSew (21531 L (IEM) 1Sl
o ol bl l Wl sl plaslal el g0
ools B, 3l 65 35511 8l A Slorkis amo
Ol 4 omly 3 sk slaSE SAR le
ol VV Gialad g soas Lacsl aggly oL) b Jls
Zaribi et al, 2003 :Shaw et al, 2003) |, (San 4 oL
ol 8w obe 0 JSG (Lassen et al, 2008
@y Feoolaal) ead gleand g b)) JWSw
a3 oo (LA (6)9d et b akaly o 1) (VV ol
P IEM Jow bwgs oy iS5k co o gilo
ol e sl |y Vb by X 5 C L slanil

(D JS) ams e Lii L wily o Laid el b
S0y Ve Boe Gl bl pelal g pdyedS n oyl
020 $lp & Glogas pled ¥ Jouxr )3 Sl pie
el 00 0315 Lid S (5,55 sl Jsord b Ll

oty srbar 3l ooliiw! b S Cugby 3,591
4y o SoSIl plgs S e v92ge Ol laie
Casky 85 o 5B o], Sy JUSew ] &5
ol e 5 oy o Ly logas ol SO SB
S sk 4 ey S oCugb, leesls b
5 &P Db Syleex ) sleosls b Glojen
S95edl (e 4y (K s oS0l (nl S o515
)1 LT o3l 5 (e U318 Ol i) a yo sl e
Yo Bl (LS O (6,503l g po askad 2 ol
oolil b Slalllas alosl plEim 355 o plonil (g S5l
crogi gl X 5 C L laal )0 gl pglar |
SrSoill s5y0leS” bl yo S mhaw Cugb,
0 el el Ve B e G Bee )3 S Cusb,
Too d98 Gos & bae 6503l Gas (nl 05l
aiz b plp X 5 C slawl ;o bgas 45 ol 8 o,
S GBS 61y as ol oL il 5 el e il
(il 50 ey e ke 00 Wiz 4y Wilgi oo S
395) ) oy gge Jsb a4 (xbas Y (pl Cualies
Glyime) S S xSles ol g (oo Lol b iy
OB 5 a0 (K (SB oS5 5 &

.(Bideon et al, 1990)
MWe
O 2mE,

Coond € g Sy 255 Col _adly S € 5] o a5

(%)

R

>

S o ol C il zge Jsb Sei Cewl )] sospge
Gl Casby Gl b as conl e Bl BB (e (0o
VO el aggly s HH iodad) wboo 2olS ()l
(Hallicaine et al, 1985) .| )Kan 5 1SS (a0
Olye 4 a8 Col (So5d e So S STl el
S el cnl g oo LS 55 odizmy oS5
ode g Jusllh ool (So st ol ks i, S
2 orlple WS e Gy ) zse ) el 55
3,38 oo 53l gy 99 ,S0le iz g 5L Jlasl eod b
El—JS;;‘: G A5 Sl oduzmy dae S ol oyl
Gl iy € oaBly Ceand ol 0nd Lo jE = €
£ ospgn Ceand a5 I 15 el S Cusbs, Ll
By St S Jebre SopSl colan 4 Lol



VFe J.».SL’ Ay G)Loai:s\’ ».\.1.’?

S o5 wlids

Simulated radar signal |[dB)
v
(]

=-5=0%
-+ S=100%0

om

Soil moisture (vol. %)

10 15 20 25 30 35

40

S 95 =0 (orgb byl 93 gl I Cugby 51 (2 plgis 4 IEM Joo 51 (VV-40°) (i 1 g b (55wl —0 JSU
XgC L :uils 8 Wil auw b wuoyo= 100
Figure 5. Simulation of return factor (VV-40-) from IEM model as a function of soil moisture, for two

salinity conditions S = 0 and S = 100% with three frequency bands: L, C and X
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Table 4. All properties for analysis with formula for soil salinity with radar images
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Figure 16. Correlation coefficient of measurement of terrestrial and salinity data and soil moisture of satellite
imagery data using training set (A: Gaussian processes, B: support vector regression, C: random forests, D:

Multilayer Neural Networks, E: Radial Basic Function Neural Networks)
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Figure 17. Correlation coefficient of salinity and soil moisture of satellite images and ground data using
ground validation (A: Gaussian processes, B: support vector regression, C: random forests, D: Multilayer

Neural Networks, E: Radial Basic Function Neural Networks)
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Table 5. Performance of five soil salinity mod

els using training and validation sets

Modeling Name Educational Collection  Validation
R? RMSE R? RMSE
Multilayer Perceptron Neural Networks (MLP-NN) 0.80 2.3 0.63 2.5
Radial Basis Function Neural Networks (RBF-NN) 0.68 1.9 0.69 1.2
Gaussian Processes (GP) 0.81 1.3 0.82 2
Support Vector Regression (SVR) 0.65 1.7 0.64 2.1
Random Forests (RF) 0.90 2 0.60 1.9
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Table 6. Performance of five soil moisture models using training and validation sets

Modeling Name Educational Collection  Validation
R? RMSE R?> RMSE
Multilayer Perceptron Neural Networks (MLP-NN) 0.75 25 0.65 2.1
Radial Basis Function Neural Networks (RBF-NN) 0.70 1.8 0.67 1.7
Gaussian Processes (GP) 0.78 15 0.88 1.1
Support Vector Regression (SVR) 0.60 1.2 0.61 2.7
Random Forests (RF) 0.88 2 0.56 2.3
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Abstract

Soil salinity is caused by natural or human processes and is a major environmental hazard. There is
also a lack of soil moisture which has a negative impact on agricultural activities in mountainous
areas where most of the climate is semi-humid. The main purpose of this study is to map soil salinity
and moisture located in the western part of Lake Urmia in Iran using Sentinel 1 and 2 satellites along
with five neural network algorithms to model soil salinity and moisture. Learning models are
multilayer neural networks (MLP-NN), radial basis radiation performance (RBF-NN), Gaussian
processes (GP), support vector regression (SVR), and random forests (RF). First, different salinity
and soil moisture indices were obtained using different algorithms, then using 60 soil samples at a
depth of 5 to 15 cm during a field survey on 06/18/1398 along with the image time. Sentinel 1 and 2
were harvested, precision was performed. In the soil salinity indices used in optical images, the
salinity index with an accuracy of 0.96 was the best indicator for estimating soil salinity according
to comparison with terrestrial data. The NDWI index also had the highest accuracy for estimating
moisture in optical images with an accuracy of R?= 0.89. The accuracy of estimating soil moisture
and salinity in radar images was R?=0.80 and R?= 0.89, respectively. The performance of five
algorithms for modeling was also evaluated and compared using mean square error (RMSE) and
correlation coefficient (R?). The results showed that the GP model had the highest predictive
performance (RMSE = 2 and R? = 0.82) and was better than other machine learning models.

Keywords: Optical images, Urmia Lake, Sentinel, Soil moisture and salinity indices, Artificial
neural network
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