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Figure 1. Location of sampling points on the map of lithological units of the study area.
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Figure 2. Geological Map of study area.
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Table 1. Lithological units of study area.

adbaie Colos 31 Ao s o VLR IR ) s,
Percent of the area Description Lithological units Row
Loy VO el Bl gl Qtl 1

Older alluvial fan deposits

des 3 YO/ R Pl s Q2 2
Young alluvial fan deposits
(Ol 5 Sal &S oY) o3 5l

deo s VIY Omq 3
QOM FORMATION (Marly limeston few gypsum layers)
doys VY ald s Swanle 5 05k Eoms 4
Marl, several thin intercalation of coarse-graind sandstone
s VAR (Ko asls 51,0088 OHl) aasss Ole L5l Em s
Marl, marlstone, light grey some limestone
Loy \0/0 Jrd s g S Al 6
Anhydrite and shale
Loys Vo)) (n@&i}dﬁ) CJS ey o Ek 7
KARAJ FORMATION (Tuff and black shale)
deoys VWV oo s Ev 8
Volcanic Rock
doys /Y &5 7P ok Ml 9
Red marl, gypsum and shale
Sandstone, shale, conglomeratic sandstone
Aoys VY (St 5 503 1 slR9) b sl Pecf 11
Conglomeratic red, gray
Lo ¥ e SH2 12
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Table 2. Primary and secondary of image bands used in this study.

fﬁ}y‘éh.hb LQ-LL‘L:GJA}% 3,
Major and minor bands How prepared band Row
ol I slal
Bandl, Band2, ..., Band14 Aol el sttt 1
Main bands ASTER
2l ol sload 3o 4 520
PCAI,PCA2, ..., PCAl4 Al el slaedl e w8 2
PCA ASTER
PI%yy Sl gl CSAS B Sl el sty plids, L 3
Brightness® Brightness band of tasseled cap transformation ASTER images
Sk Sl e CS A LS 3l edel sy S L 4
Wetness® Wetness band of tasseled cap transformation ASTER images
Sy Sl e CS A LS 3 edel cenay S L s
Greenness® Greenness band of tasseled cap transformation ASTER images
+ETM ey S04 it L ASTER it 4 ol
FuseB1, FuseB2,..., FuseB9 ; 6
Fusion ASTER 9 bands with the panchromatic band ETM+
ETM I sl
Band1, Band2, ..., Band6 el st 7
Main bands ETM+
ET™M | slaad s @
PCAI, PCA2, ..., PCAG Sl sl 8
PCAETM
PI%yy ETM 5z St Lad 3l ool sy gl s, AL 9
Brightness Brightness band of tasseled cap transformation ETM images
Sk ETM ;a8 CSaled Lol 5l edal ey Sl Lils 10
Wetness Wetness band of tasseled cap transformation ASTER images
Sy ETM 5z St Lad 3l ool sy Koy L .
Greenness Greenness band of tasseled cap transformation ASTER images
NDSI® (B, —B3)/(B, +B3) 12

BI° m 13
Salinity { m 14
Salinity 5 JB2+B}+BY) 15
Salinity § (B} +B3) 16

MSI* B, /B; 17
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Table 3. Statistical characteristics of EC in the region (ds / m).

oSl e

Sas N

Average Middle Standard deviation  Strain  Skewness

Sl Sl sl bl o ga

Minimum Maximum Number  Statistical properties

20.44 19 11.80 1.42 0.90

Sl s
EC ds/m
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Table 4. Correlation coefficients of the variables for ASTER data.

Band9 Band8 Band7 Band6 Band5 Band4 Band3 Band2 Bandl1 Band

-0.590  -0.603  -0.578 -0.544 -0.746 -0.694 -0.639 -0.344  -0.295 EC

ASTER ; 525 PCA 51 4 8 L (5558 Siat el p
Correlation coefficients of salinity with each PCA ASTER image

PCA9 PCASB PCA7 PCA6 PCAS PCA4 PCA3 PCA2 PCAl PCA

-0.264 0.250 -0.125 0.429 0.606 0.492 0.272 0.298 -0.172 EC

ASTER ; ja8 SUs Jus Sladlse 51 S o L g)5d (Sen ol

Correlation coefficients of salinity with each components of tasseled cap transformation of ASTER image

Greenness Wetness Brightness Index

-0.103 -0.164 -0.079 EC

FETM (slaosls gl owyp 3550 S piin Kimsod gl pd —0 J gt
Table 5. Correlation coefficients of the variables for ETM data.

ETM ol 51 K o b 6558 Soas ol 5

Correlation coefficients of salinity with ETM bands

Band6 Band5 Band4 Band3 Band2 Bandl1 Band

-0.607 0.589 0.451 0.476 -0.467 -0.321 EC

ETM ;55 PCA 51 4 o U (6558 Soman a1
Correlation coefficients of salinity with each PCA of ETM image

PCA6 PCAS PCA4 PCA3 PCA2 PCAl PCA

-0.593 -0.513 -0.405 -0.117 0.356 0.245 EC

baarls 51 Ko b g5 Kaer ol

Correlation coefficient of salinity with the extracted indices

MSI Salinity3 Salinity2 Salinityl BI NDSI Index

0.180 -0.407 0.709 0.456 0.289 0.245 EC

ETM , pf Sl 13 sloadlie S S o L 555 Sommnd il

Correlation coefficients of salinity with each components of tasseled cap transformation of ETM image

Greenness Wetness Brightness Index

-0.401 -0.322 -0.271 EC

ETM+ 5l 0L b b 003508 SWIR (slaily 51 G o b ()5 (Stmas il
Correlation coefficients of salinity with the fusion SWIR bands by the panchromatic band of ETM

FuseB9 FuseB8 FuseB7 FuseB6 FuseB5 FuseB4 Fuse

-0.564 0.315 0.427 -0.349 -0.721 0.376 EC
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Table 6. Coefficients of determination for the EC models.

35505 Jhre gl ol hdad fpnd 2 Ot P EC Je
Std. Error of the Estimate Adjusted R Square R Square R Model
9.73224 0.493 0.603 0.776 1
9.56919 0.510 0.603 0.776 2
9.45500 0.522 0.599 0.774 3
9.45165 0.522 0.587 0.766 4
9.44098 0.523 0.575 0.758 5
9.44043 0.523 0.562 0.750 6

EC ladis b5 438 -V dsi

Table 7. Analysis of variance for the EC models.

6).30,‘4»6]4»4 F ol e e Kk 3l am s QL&{J/“C:&? Je
Sig. F Mean Square df Sum of Squares Model
0.000 5.505 521.367 8 4170938 e
Regression
94.716 29 2746777 sl L 1
Residuals
37 715.6917 &
All
0.000 6.507 595.805 7 635.4170 D50
Regression
oile 3L,
91.569 30 079.2747 2
Residuals
37 715.6917 &
All
0.000 7.730 691.068 6 407.4146 D50
Regression
bv\JL“ 'LJ
89.397 31 308.2771 o 3
Residuals
37 715.6917 &
All
0.000 9.087 811.807 5 034.4059 D50
Regression
o ile 3L,
89.334 32 681.2858 4
Residuals
37 715.6917 &
All
0.000 11.153 994.89 4 356.3976 D50
Regression
oile 3L,
89.132 33 358.2941 5
Residuals
37 715.6917 &
All
0.000 14.540 1215.859 3 577.3887 D50
Regression
oile 3L,
89.122 34 138.3033 6
Residuals
37 715.6917 &
All
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Table 8. Regression coefficients and significance test model.

Solsme o T o)Ll sl |kl ol o PSVCATS R G R O ¥ L o T Jde
The significance level T Standardized coefficients ~ Not standardized coefficients Constants Model 6
Beta Std. Error B
0.000 2.508 30.078 75.447 (Constant)
0.000 2.138 0.364 0.223 0.476 Fuse5
0.000 -3.716 -0.618 0.260 -0.966 Band8
0.000 4.857 0.572 0.113 0.549 Salinity2

4,&_]),5 JAK":“’L")T c’b 3l eslaal b WJdw P
o Siewar i ,5 s RMSE 5 MAE sl

e Olgea Jde 580 Jglues oolal
Sllbe dibie 3 S (g0 el S e

:,\.L.sjfua_shi.,a

5 (W dsdr) asls (o5 oness 5 A8l olis
tlms 3 (F JS8) Jute edile 3l aile 5 o

EC: 75.447 + 0.476 Fuseb5 — 0.966 B8 +
0.549 Salinity2

wids ol &l Jde Sl eslanal U ocolg s s S ds/m 5 St g5 EC O s S

EA oot OIS0 3 5 e adae S 5,50 L 5l 0 Ll plisl ) edal cosey 45 Fusebs

(8 JS2) s 8 (gdoaid YY-TE 5 VYT A s sl A ulb B8 ETM Sl L b

e O e b e (8 eli Salinity2

ald 4 sad YO Sl esliial b e o g e lasl s jlas - Jgie

Table 9. Criteria of model validation using control samples.

ot Gl Sl o Sl o 0o L ot B
MAE RMSE R Parameter
ol B T J.M
162.65 165.1 0.81 ks
The estimated model
1.0
0.8
E 0.6
1%
=2
~ °
a 0.4
0.2:
o r:’-o 0.2 0.4 0.6 0.8 1.0
residual
oile 3L

Jde odibe Sl adle j s —¥ S

Figure 3. Residual normality test for the selected model.
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Figure 4. Salinity Map using the best model.
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Figure 5. Salinity map using supervised classification techniques.
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Table 10. Evaluation of salinity map using error matrix with maximum likelihood method.

J;JLg Cowo aJL.'SJ.:S); Cowo &~ sl loarl [€ae UAMS [€aad uﬂ% rb
User Accuracy Producer Accuracy The correct number Total classification Total class Name of class
66.66 (%) 100 (%) 4 6 4 0-4
85.71 (%) 100 (%) 6 7 6 4-8
66.66 (%) 50 (%) 2 3 4 8-16
100 (%) 80 (%) 4 4 5 16-32
100 (%) 83.33 (%) 5 5 6 32-64
21 25 25 &£
Total
(Total accuracy) S cowwo = %84
(The entire Kappa coefficient) S <L s ,5=0.7019
SRl ol PBlas g, 4 s e 5o b adlats (558 428 Como oLl )Y g
Table 11. Evaluation of salinity map using error matrix with the minimum distance.
J;JLg Cowo AJL.'SJ.:S); Cowo &~ sl loarl [€ae UAMS [€aad uﬂ% rb
User Accuracy Producer Accuracy The correct number  Total classification Total class Name of class
60 (%) 75 (%) 3 5 4 0-4
75 (%) 50 (%) 3 4 6 4-8
100 (%) 75 (%) 3 3 4 8-16
71.42 (%) 100 (%) 5 7 5 16-32
83.33 (%) 83.33 (%) 5 6 6 32-64
19 25 25 &£
Total

(Total accuracy) S cowo = %76

Js L5 . ;5 (The entire Kappa coefficient) = 0.6431
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Abstract

Background and Objectives: Identifying the saline soils and preparing digital maps of soil
salinity, is an effective step in improving management of saline lands. Since vast areas of Iran
are covered by saline soils, so these maps are very important. Soil salinity is one of the stages of
land degradation that eventually leads to decrease in soil productivity. Soil salinity could be
caused by natural processes or human activities. However, soil salinity is a major environmental
hazard. So, providing a soil salinity map for these regions, can improve the level of
management. Soil salinity maps are prepared by using satellite images as easy as possible.
Considering the difficulty of mapping salinity from satellite data, in this study, two approaches
for modeling and classification of soil salinity maps were evaluated. The purpose of this study is
to evaluate the modeling method and supervised classification of soil salinity mapping using
ASTER and ETM+ images in the East of Semnan plain.

Materials and Methods: After site selection and spreading a net over the image of area, we
determined the location of sampling points. The soil salinity map was prepared After the
following steps: measuring EC of soil samples, geometrical and radiometric modification of
satellite data, applying some processing such as principal components analysis, fusion of
ASTER multispectral bands with ETM+ panchromatic band, transformation of tasseled cap,
filtering, producing the salinity indexes, assessment of spectral, and also using supervised
classification method.

Results: The salinity map was obtained using modeling method from the eighth band of Aster
satellite. The results show that the component that is obtained from integration of an ETM+
panchromatic band and band 5 of ASTER, and a component of salinity index (Salinity2) have a
significant relationship. The model validation by the MAE, RMSE and R showed that the
selected model has good performance. The accuracy of the salinity map which was produced by
Supervised Classification method has been estimated as 84% based on maximum likelihood
method and 74% based on minimum distance method. This represents that the accuracy
obtained by the above mentioned methods is lower than modeling method for preparing the
salinity map.

Conclusion: According to the results of the study, adjusting the salinity indicators resulted in
obtaining new indicators for mapping soil salinity. A better diagnosis of soil salinity was
resulted from the use of band 3 of Aster image. So it can be suggested that a part of the
electromagnetic spectrum, including (0.52-0.86, 2.145-2.185 and 2.295-2.365 micrometers) can
be useful in mapping soil salinity in different areas.

Keywords: Soil salinity, ASTER, Salinity index, Supervised classification, Semnan plain
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