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6- Minasny and McBratney
7- Horizontal Orientation
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1- Multivariate Linear Regression (MLR)
2- Partial least square Regression (PLSR)
3- Colinearity

4 - Noisy

5- Partial Least Squrae Regression
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4- Resampling
5-http://landsat.usgs.gov/band_designations_landsat
satell ites.php
6- Digital Elevation Model
7- Stepwise

8- Forward Selection
9- Backward Elimination
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1- Operational Land Imager (OLI)
2- Thermal Infrared Sensor (TRIS)
3- United States Geological Survey (USGS)
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Table 1- Modeling (first year data) and verification (second year data) of soil saturated extract salinity (ECe) and
Electromagnetic induction (EMh) ver susindependent variables using multiple linear regressions.

%) ?;:;é:: R? R Jae e S IRE
Method Variable M odel R? verification
Sarls EC. 2483 2241  EC.=-1052 + 0.1894 bl - 0.1714 b3 + 0.0269 PCA1 29.93

Seowie EM, 3156 2858 EMh=-7511 + 1.343?532&3&60 b3-0.233 b6 2417
EC.=-122- 0.070 bl + 0.187 b2 - 0.179 b3 -
o a5, ol EC. 3912 3282 0.1247 b6 - 0.0283 b8 + 0.2739 b10 - 15.48
Sz 0.3233 b11+ 0.1339 PCA1 - 0.0394 SI2
Forward EMh = -26088 - 0.824 b1 + 1.88 b2 + 10.02 b3 -
Selection EM, 4942  42.87 0.706 b6 + 2.164 b10 - 2.771 b1l - 0.22 PCA1 38.89
+1.172 PCA3 + 19.42 BI - 0.000059 SI1 - 20.42 SI2
EC, = -689675 - 13.06 b1 - 10.11 b2 - 6.32 b3
+16.16 b5 + 5.37 b6 - 8.89 b9 + 0.2313 b10 -
e EC. 4L76 3344 (o571l + 17.18 PCA2 + 19.00 PCA3 - 0.765 SI2 2.06
A4 +3.48 913
Backward EMh =-3428733 - 16.27 bl + 183.9b5 + 49.6 b6 -
Elimination EM, 5379 46.55 25.62 b9 + 2.118 b10 - 2.470 b1l - 127.6 PCA1 0.23

+ 33.65 PCA2 + 157.0 PCA3 + 52.1 BI
+ 120055 NDSI - 61.4 SI2 + 93.8 SI3

(EMh) Gubliog ySUf G815 (ECo) lonil 0)as (5,905 (gl Jlw (580313) (oxiuw 5Lt (1993 JLow (s0313) (g5loo o gl =¥ Jgo
b B (amw Sy () @ S (S ke Jilie 53
Table 2- Modeling (second year data) and verification (first year data) of electrical conductivity of saturated extract (ECe)
and electromagnetic induction (EM h) data against independent variables using multiple linear regression method

09 msen);:n: R? R Jia T ) ok R®
Method variable Model R* verification
EC, = -2797 - 0.0926 b3 + 1.640 b4 - 0.00896 b8
+0.287 b9 + 0.1106 b10 - 0.1146 b1l - 0.9541 TC1 -
ECe 8s.ra 8815 1.178 TC2 + 5127 NDMI - 0.000011 SI1 - 341
Stepwise EMh = -22151 - 0.732 b3 + 12.96 b4 - 0.0708 b8
+2.269 b9 + 0.874 b10 - 0.906 b1l - 7.542 TC1 -
EM, 88.74 88.15 9.312 TC2 + 40529 NDMI - 0.000084 SI1 - 164
2.954 DEM
EC.=-2628 + 31.1 b1 + 33.0b2 + 31.0 b3 + 53.5 b4
- 0.00955 b8 + 0.272 b9 + 0.1053 b10 - 0.1064 b11 -
EC, 89.02 88.16 0.000063 PCA1-72.1 TC1-0.628 TC2-21.3TC3 0.98
4 9, Sl + 5077 NDMI - 0.000010 SI1 - 1.65 SI3 -
g 0.3865 DEM
Forward EMh = -20816 + 246 bl + 261 b2 + 245 b3 + 423 b4
Selection - 0.0755 b8 + 2.150 b9 + 0.833 b10 - 0.841 b11 -
EM;, 89.02 88.16 0.00050 PCA1 - 570 TC1 - 4.97 TC2 - 168.8 TC3 11.96
+ 40136 NDMI - 0.000075 SI1 - 13.01 SI3 -
3.055 DEM
EC, =-2774 + 0.0857 b1 + 0.0848 b3 - 0.3667 b5
+0.1523 b6 - 0.00990 b8 + 0.282 h9 + 0.1132 b10 -
4 g Blo ECe 88.65 87.99 0.1206 b11 + 0.2404 bi + 4935 NDMI - 3.97
s 0.000011 SI1 - 0.3607 DEM
Backward EMh = -21969 + 0.677 bl + 0.671 b3 - 2.898 b5
Elimination EM, 88.65 87.99 +1.204 b6 - 0.0783 b8 + 2.227 b9 + 0.895 b10 - 3.05

0.953 b11 + 1.901 bi + 39008 NDMI - 0.000086 SI1
- 2.851 DEM
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1- Multi co-linearity
2- Tolerance
3- Variance Inflation Factor (VIF)
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Table 4- Modeling and verification of non- collinear and transformed data against log- EM (L-EMH)
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Table 5- Modeling and Verification of electrical conductivity of saturated extract (ECe) and electromagnetic induction (EMh)
against independent variables using partial least squareregression

(Predictors Coefficients) ;X5 olps

. s Y Jo Gy ¥ e gty ¥ Jae Gy € Jao fely 0 Jao Gy
Pred]ctor Model 1 Response  Model 2 Response Model 3Response . Model 4 Response  Model 5 Response
EC. EMh EC. EMh EC. EMh EC. EMh EC. EMh
Constant 499.99 7409.21 -2081.63 -16499.8 -85.291 -114.014 -220.826 -272.043 -176.924 -265.691
B1 0.11 0.83 0.02 0.2 15.697 13.762 1.609 1.822 3.374 3.332
B2 0.08 0.64 0.01 0.1 10.064 11.752 6.151 7.241 2.478 2.374
B3 -0.04 -0.36 -0.01 -0.1 -9.16 -11.3%4 0.466 0.533 -2.06 -2.22
B4 0 0.02 0 0 2435 3.854 -0.105 -0.159 -0.393 -0.281
B5 0.03 0.2 0 0 5.001 5.922 -0.411 -0.482 -0.804 -0.833
B6 -0.01 -0.11 0.01 01 -4.386 -3.983 -2.148 -2.486 -2.319 -2.436
B7 0.03 0.23 0.02 0.1 10.249 11.016 6.414 7.641 8.837 9.241
B8 -0.04 -0.13 -0.01 -0.1 -3.087 -0.624 -0.275 -0.317 1.149 1.285
B9 -0.13 -0.83 0.37 3 -71.776 11.515 48.348 60.141 45171 70.663
B10 0.3 2.55 0.15 12 108.9 143.985 76.179 90.606 4.205 4571
B11 -0.37 -3.23 -0.15 -12 -120.258 -170.792  -54.67 -64.484 -4.124 -4.019
PCA1 0.01 0.04 0 0 2.323 2.248 -17.884  -21.221 3.097 3.152
PCA2 -0.01 -0.03 0 0 -0.717 3.709 -0.829 -0.963 -0.025 -0.141
PCA3 0.01 0.06 0.01 0 17.568 18.362 5.86 6.936 -0.47 -0.351
TC1 0 0.03 0 0 0.573 0.701 -0.27 -0.342 -0.596 -0.613
TC?2 0 0.03 -0.02 -0.2 0 0.001 0 0 0 0
TC3 0.04 0.42 0 0 0 0 0 0 0 0
Bl 0 -0.02 0 0 0.617 0.062 -0.617 -0.744 -0.447 -0.418
NDMI 0 0 2237.31  17686.3 15.336 15.919 9.217 10.646 11.141 11.8
NDSI 1172.09 8143.83 172543 13639.7 -2.934 -2.066 1.23 1.244 4.201 5.218
Si1 1029.54 8443.04 0 0 -0.961 -0.929 0.064 0.061 -0.547 -0.547
S 0 0 0 0 -1.98 -3.127 -0.813 -0.979 -0.785 -0.795
SI3 -0.01 -0.05 0 0 -1.609 -1.516 -0.23 -0.303 -1.066 -1.053
DEM -0.01 -0.08 -0.39 -3.1 -2.699 -3.771 -8.321 -10.44 -8.447 -11
R? 39.32 46.90 85.21 85.21 53.44 64.56 82.59 80.85 59.47 62.58
Rzpred 22.49 29.28 82.95 82.95 39.64 51.18 80.40 78.51 53.01 56.67
L R2
el R 0 0 0 0 0 0 0 0 53.98 60.83

R? verification




AYY o0 pind glaaigy 1o SB (598 6Ll g5l

Jer Jbos s
Normal Probability Plot

3ln el
Versus Fits

- 4
- @
w L]
-~ 3 E 2 L ) N s.
’]'\5 -?'U - ?‘ L) S
b JE o L v
& 3T T S fad
2,8 2 . . BA
3 = -
1= ¢
o> 4l — . :
4 05 10 15 20 2.5

ol Q)L\JL”...J a..\.;Lo._.,ELI ot saly \.J:")‘)" ﬁdlﬁa
Standardized Residual Fitted Value
ol ales JJoges P S O
Histogram Versus Order
48 AT
2
- w
5 361 &
7] 7B
18 1%
i T
VR 23
15
0 ‘&
3 2 4 0 1 2 3 120 40 60 80 100 120 40 160 180 200
LI RVE PRE DN outlin Lol
Standardized Residual Observation Order
Juy Jlaz=t o398 Sty ol
Normal Probability Plot Versus Fits
%099 . 4
® rs * =, ‘o

)

J...:)J
Percent
=

oy o laill ous
Standardized Residual
o
H
i
1
a
.
.‘ %‘l
i
‘£
P
-' |
1
1

10 7 . .o
1 ]
L
- : 2 ) 2 4 * 15 20 25 30 35
RN O PUCORE: o o3l 5T polia '
Standardized Residual Fitted Value
Ffstogram Versus Order
s
40 = 3
5 3 8
= 0 = =
J 3 4 8
3 82 3 D
i T
10 '
15
0- “

2 1 0 1

sud o il ol sl L
Standardized Residual

saalis Loy
Observation Order

4 — —_—
1 20 40 60 80 100 120 140 160 180 200

ool (o) EMD 2180 b (YLJEC, i )80 Jituwo yuiia o8 (amdy 612 0:5lasdly 5S35 (ool -) JSb

Figure 1- Distribution of residualswhen predictor islog of ECe (top) and log of EMh (bottom)
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Table 6- Modeling and Verification of electrical conductivity of saturated extract (ECe) and electromagnetic induction (EMh)
against independent variables using partial least squareregression

(Predictors Coefficients) yKwosd cul o

eSS T o gl ¥ Juo sl A Juo sl 4 Juo gl Vo Juo sl
Predictor Model 6 Response Model 7 Response Model 8 Response Model 9 Response Model 10 Response
EC. EMh EC. EMh EC. EMh EC. EMh EC. EMh
Constant -116.7 185522 117.819 170953 250.833 312.803 135906 208.304 274.88 224.345
Bl 4.308 4.283 4.034 3.659 4.946 4,691 5.182 5.165 3.447 3.469
B2 3.274 3.142 4.189 3.723 3.733 3.455 3.101 3.053 4.326 4.468
B3 -1.08 -1.204 -1.093 -1.061 -1.728 -1.651 -1.917 -1.801 -0.849 -0.863
B4 -0.056  0.189 0.392 0.683 -0.217 0.107 -0.132 0.017 0.091 -0.071
B5 -0.897 -0.86 -0.474 -0.341 -0.801 -0.693 -0.7%4 -0.713 -0.872 -0.886
B6 -2.672 -2.872 -1.813 -1.823 -2.761 -2.799 -2.629 -2678 -2808 -2.729
B7 9.555  10.008 7.096 6.649 9.654 9.291 8.673 8.269 7.864 8.098
B8 -3.272 -3.312 -3.33 -2.953 -2.826 -2.546 0.09 0.274 -3.052 -3.262
B9 30.659 50.164 36.777 52.408 57.78 75.611 27.947 49436 70.132 54.033
B10 3.924 441 1.957 1.901 6.342 6.353 6.175 594 6.623 6.565
B1l -3.846  -3.552 -6.29 -5.715 -2.549 -2.102 -3.423 -3.23 -2.226  -2.537
PCA1l 2.242 2.153 0.807 0.821 4.306 4,292 3.671 3.463 3.065 3.165
PCA2 0.199 0.109 -0.401 -0.46 0.475 0.336 0.42 0.416 0.516 0.561
PCA3 -0.315 -0.321 -0411 -0.476 0.017 -0.172 -0.128 -0.109 0.09 0.15
TC1 -0.315 -0.271 0.092 0.196 -0.383 -0.247 -0.529 -0.434 -0.21 -0.266
TC2 0 0 0 0 0 0 0 0 0 0
TC3 0 0 0 0 0 0 0 0 0 0
Bl -0.636 -0.52 -0.447 -0.233 -0.25 -0.065 -0.418 -0334 -0.607 -0.681
NDMI 11.608 13.146 9.148 10.134 11.229 12.104 11.462 12.032 11975 11.396
NDS 4.929 6.031 4471 5.209 4211 5.164 4.046 4.549 5504 4,746
SI1 -0.243  -0.196 -0.109 -0.015 -0.426 -0.313 -0.437 -0.368 -0.149 -0.201
SI2 -0.803 -0.733 -0.64 -0.451 -0.605 -0431 -0.815 -0.718 -0.739  -0.806
SI3 -0.522 -041 -0.239 -0.029 -0.882 -0.636 -0.87 -0.727  -0.356 -0.47
DEM -10.11  -12562  -9.143 -11.55 -9.07 -11.349 -8969  -11.432 13 _679 -10.274
R? 59.65 63.21 50.34 63.86 56.51 61.88 63.61 68.17 57.77 61.81
R? (Pzred) 55.07 59.32 53.21 59.90 50.58 57.12 57.38 62.98 51.43 57.74
R
P Le] 53.47 59.54 52.84 56.89 60.13 60.44 44.06 50.21 53.97 60.14
R verification
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Introduction: Soil salinization isincreasing across developing world countries and agricultural production is
decreasing as a result of this stress. Climate change could adversely affect soil salinization trend through the
decrease in rainfal and increased evapotranspiration in arid regions. Policy and decision makers require
continuous and quantitative monitoring of soil salinity to adapt with the adverse effects of climate change and
increasing need for food. Indices derived from near surface or satellite based sensors are increasingly applied for
monitoring of soil salinity so a considerable number of these indices are introduced already for soil salinity
monitoring. Different regression methods have been aready used for modeling and verification of developed
models amongst them multiple linear regression (including stepwise, forward selection and backward
elimination) and partial least square regression are the most important methods.

Materials and Methods. To evaluate different approaches for modeling soil salinity against remotely sensed
data, an area of about 50000 ha was selected in Sabzevar- Davarzan plain during 2013 and 2014 years. The
locations of sampling points were determined using Latin Hypercube Sampling (LHS) strategy. Sampling
density was 97 points for 2013 and 25 points for 2014. All points were sampled down to 90 cm depth in 30 cm
increments. Totally 366 soil samples were analyzed in the laboratory for electrical conductivity of saturated
extract. Electromagnetic induction device (EM38) was also used to measure bulk soil electrical conductivity for
the sampling points at the first year and sampling points and 8 points around it at the second year. Totally 97 and
225 EM measurements were also recorded for first and second years respectively. Mean measured soil EC data
were calibrated against the EM measurements. Finding the fair correlations, the EM and EC data could be
converted to each other. 23 spectral indices derived from Landsat 8 images in the sampling dates along with
DEM were used as independent variables. Multiple Linear Regression (MLR) and Partia Least Square
Regression (PLSR) methods were evaluated for their fitness in predicting soil salinity from independent
variablesin different calibration and verification datasets.

Results and Discussion: Different multiple linear regression approaches using the first year data for training
and second year data for testing the models and vice versa were evaluated which produced determination
coefficients of about 22 to 88 percent in the training dataset but this regression did not reach to 29 percent in the
test dataset. Due to the multiple co-linearity amongst the independent variables the multiple linear regression
methods were not applicable to all variables. Excluding the co-linear variables, log- transforming and
randomizing them into train and test datasets improved the determination coefficient of model and its validation
at an acceptable level. Application of partial least square regression using the original and log- transformed data
of first and second years as train and test datasets and vice versa introduced determination coefficients of about
39 to 85 percent in the training dataset but were not able to predict in the test dataset. Random dividing of all
data into train and test datasets considerably increased the determination coefficient in the verification dataset.
Repeating the randomization showed that the approach has the required consistency for predicting the
coefficients of variables.

Conclusions: Wide range of independent variable could be used for predicting soil salinity from remotely
sensed data and indices. On the other hand the independent variables generally show multi-colinearity amongst
themselves. Correlation matrix, variance inflation factor and tolerance indices could be used to identify multi-
colinearity. Removing or scaling the variable with high colinearity could improve the regression. Different data
transformation methods including log- transformation could also significantly improve the strength of regression.
In this research EM data showed more significant correlations with spectral indices in comparison with
laboratorial measured EC data. As the EM 38 device measures the reflectance in special range of spectrum this
higher correlation could be expected. Such models should be calibrated and verified against ground truth data.
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Generally apart of data set is used for calibrating (making the model) and the remained for verifying (testing the
model). Random dividing of the total data of 2 years into calibration (2/3 of data) and verification (1/3 of data)
could significantly improve the regression in the verification data set. This procedure increases the range of
variability for data used for calibration and verification and prevents outlier predictions.

Keywords. Multiple linear regression, Partial least sguare regression, Remote sensing, Spectral indices,
Verification



