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3. Normalized Difference Salinity Index
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Figure 1. Geographical location of the study area

1. Normalized Difference Vegetation Index
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Table 1. Combination of bands and indices used in this study

Index Reference Formula Parameters
1 SLOPE (Hengel et al., 2004) SLOPE =H? + G2 G&H: Required derivatives to
H calculate slope and its direction
2 ASPECT (Hengel et al., 2004) ASPECT =arctan (] based on DEM  network
G construction
3 Wi (Moore & Grayson, 1991 WI = Ln(taﬁsﬁ) As : Specific watershed area
S Angle of watershed slope
4 Sh (Zarco-Tejada et al., 2005) Sl =. fBZZ + Bs? B, Bs, B4 Numerical values of
the elevation information for 2,
5 B Gao, 1996) Bl =, (532 +B; 3, and 4 bands
. NIR-RED NIR: Near-infrared spectrum
NDVI = .
6 ( ) (Allison, 1989) NDVI NIR + RED RED: Reflection in red band
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Table 2. Weight factors affecting the variability of soil salinity on the basis of Shannon entropy

Parameters WI

ASPECT(degree) SLOPE(%)

Sl Bl NDVI  ELEVATION(m)

Weight 0.0997 0.172 0.42

0.0670  0.0674 0.112 0.063

ARIA

1. Kolmogorov-Smirnov
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Table 3. Statistical described data in the study area

statistics NDVI BI S| Slope (%) (ﬁesgfecg) wi dffi_l)
4 Std. Deviation 0.075 2128.81 1991.81  643893.73 106.36 2.45 0.162
g- Skewness -0.976 1.149 2.177 1.22 0.015 0.334 -0.258
2 Kurtosis 0.829 3.228 5.38 0.282 -1.378 -1.18 -1.001
§' Min 0.067774 18194.94  9392.73 42426.41 0.47 -8.03 0.336
® Max 0.363036 28067.08 17759.76 2012013.88  320.42 -0.66 0.9
< Std. Deviation  0.10022 1989.1 1492.2 322240 122.18 2.06 0.41
% Skewness 0.64 -0.475 0.725 1.787 0.091 0.259 -0.321
%- Kurtosis -0.815 -0.808 0.629 0.841 -1.702 -2.285  -2.647
§ Min 0.09 19100 10100 42400 3.04 -5.76 0.29
& Max 0.37 24600 14500 913000 320.42 -0.66 1.18
Wodls Jloy 259 (o @S -Y Jou
Table 4. The results of the normal distribution
Normal Parametersa EC  Wetness aspect slope SI Bl NDVI
Mean 0.62 -4.69 160.64 533,758.53  11407.10 21856.56  0.24
Kolmogorov-Smirnov Z 0.71 0.64 0.63 1.30 1.05 0.73 0.79
Asymp. Sig. (2-tailed) 0.70 0.81 0.82 0.07 0.22 0.67 0.56

a. Test distribution is Normal.
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Table 5. The t statistic and correlation between soil saturation extract electrical conductivity and secondary

indicators
/Wi Aspect/Slope Si BI/NDVI
Electrical
Conductivity (EC) -.448 0.236 -0.59 -0.525
t Statistic -2.530 -2.422 -2.768 1.663
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Table 6. EC superficial correlation coefficient model using data from Landsat

Correlation

Model " efficient (R)

R Square

Adjusted R Square Std. Error of the Estimate Durbin-Watson P- Value

1 0.838 0.703 0.618

0.0012

0.10037 1.709

G503l gyen polde annslio gl Wb so Smiin
2S4S b sl poad oo polie bosd
RMSE 0L jlade .l oo ools lis # JS &
olas 1y e sols i3l Jow YL cds g Uaz ogcmols
odel Cwddy K 5l 1eS Jow ;9 GMER Hlads ows oo
Gy 9 wBlies Joe 60,5l oS onimsplii oS

Al o oy FYIA ol S
3,90 dibaie 0 S (6,08 SlSe Dl uSTy an s
solie glise g Sz ST ol g, SO L axdllas

LS sl—ilo)loac SO sl colan co i o i
(Y JSo) 00,5 oew, Surfer 12,1531 o 5 5 oolasl

1.2

L G oaiziw glaools 5l eolaiwl oz (pl 4o
S o (59— Dl poss 5l oo o Ve /Y a iy
3 b wiz looly a5 Lo pla bl oy
Sl Jeo 4 ils (ol SIS 008 o slags 0
Sl S lalit aslgi e Ty G5 Sy Yl
rgbad §l (i Dkl SIS gl 09D 0 4oy
Acgame (59, o gl Pl alayl ) 0ed coliin] il
Sl sly s Jesl spaz Gblis 5l se5] slaeols
aS ol eolatw! R2 s GMER RMSE (sbe el )b polie
A —wlx o LFYIAY o «/APY YO plp cwsyp @
30 Jde g o g u_ﬁ)lf Jol—i mls as wias S

0.8

0.6
( 1 J
([ ]

0.4

predicted salinity values

0.2

1 y =0.1757x + 0.4122
R? =0.6382

0 0.5

1 1.5

Measured salinity values

0 i Wi (ygam xSy (09 3l oLl b ouds (St iy 9 00l (5 03Il (5598 2 lie duwnlio -7 JSCS
Figure 6. Comparison of salinity values measured and predicted using multiple regression method
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Figure 7. Distribution map of soil salinity
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Prediction of Soil Salinity Using Multivariable Regression on the Basis of
Extracted Indices from Landsat 8 Satellite (Case study: Urmia)
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Abstract

Managing and monitoring of salinity is one of the most important affair in agriculture, especially in arid
and semi-arid area. For this purpose, the use of new technologies like remote sensing and GIS is
inevitable. The investigation of relationships between different soil parameters using satellite data is an
effective step in predicting the electrical conductivity of soil saturation extract. In this research, using
multivariable regression method based on relationship between topographical properties and obtained
indices from Landsat 8 satellite, the prediction of the electrical conductivity of soil saturation extract
was studied in Urmia plain. For this purpose, firstly 40 samples were taken from 0-30 cm soil depth and
their electrical conductivity of soil saturation extract (ECe) were measured. After performing the
necessary processing on satellite images and determining the ground surface points, pixel values in the
different bands were extracted. In the present research, the data was divided into two series including
training (80% of data) and validation data (20% of data). The relationship between satellite data and the
obtained results from the region soil tests was extracted using the multivariable linear regression
methods and the accuracy of the model was evaluated by factors such as R- squared, standard error of
the mean, adjusted R-squared and Durbin Watson statistic. The results showed that for the obtained
model, the error indices including the correlation coefficient, standard error of the mean, adjusted R-
squared and Durbin Watson statistic were calculated 70.3%, 10.03%, 61.8% and 1.709 respectively.
Finally, the model was run using test data and for its evaluation the indices including Geometric Mean
Error Ratio (GMER), R- squared (R?) and Root Mean Square Error (RMSE) were employed so that the
mentioned indices were measured 0.867, 0.638 and 0.354 respectively. These results show good
efficiency and accuracy of the model.

Keywords: Soil electrical conductivity, Remote sensing, Satellite data, Statistical parameters,
Topographic parameters.
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