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Abstract

Introduction

Soil salinity is the predominant soil degradation process in arid and semi-arid regions. There are several methods for
monitoring salinity, which are mainly measured as points, which will be difficult to generalize to the whole region. In recent
years, remote sensing-based methods for measuring salinity have been widely considered. Soil salinity has led to the
limitation of agricultural land use patterns. This is a serious environmental hazard that affects the growth of many crops.

Materials and Methods

After selecting the study area on satellite images and ground visits, a cluster-cinematic sampling network was designed and
implemented for surface soil sampling. In this study, pH, EC, SAR and TDS were measured. In this study, in order to use the
remote sensing technique to study the temporal and spatial changes of vegetation density in the region, ground data and
ETM+ images of Landsat 7 satellite and MODIS images have been used. Pre-processing operations including geometric,
radiometric and co-ordination corrections were performed on each of the satellite images. In the next step, the desired
vegetation indices, after calculation, are applied to the satellite images and thus the vegetation density pattern map is obtained
based on each of these indices. Then 8 different salinity and vegetation indices were studied during the years 2005 to 2021.

Results and Discussion

The The results of this study showed that LANDSAT-7-ETM + sensor has been able to produce better results due to better
spatial resolution than MODIS sensor. Also, among the salinity indices studied, SI3 index in both ETM + and MODIS
sensors with RMSE (1.01 and 1.1) and correlation coefficient R (0.98 and 0.86) was able to have the best performance in
Have an area. In the study between EC and SAR, both sensors had a high correlation between red and infrared bands.

Conclusion

In a general summary, by examining the information of the synoptic station of the plain, parameters such as temperature and
amount of precipitation in the studied period show that by increasing the average temperature and decreasing the amount of
precipitation in the region, the surface temperature increases during the year. Recent causes of drought and significant effects
of climate change on the prevailing environmental conditions, which in turn will increase the breadth of salinity in the verse.
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Figure 1-Geographical location of Qazvin plain and the studied area
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Table 1- List of cloudless and snowless images examined
on each sensor

MODIS Landsat-7-ETM+
2005/06/12 2005/06/05
2006/06/19 2006/06/08
2007/06/20 2007/06/11
2008/06/11 2008/06/29
2009/06/18 2009/06/16
2010/06/10 2010/06/19
2011/06/11 2011/05/21
2012/06/12 2012/06/24
2013/06/20 2013/05/26
2014/06/09 2014/06/24
2015/06/21 2015/06/17
2016/06/16 2016/06/03
2017/06/17 2017/06/06
2018/05/24 2018/06/09
2019/06/20 2019/05/27
2020/06/17 2020/06/14
2021/06/09 2021/06/17
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Figure 2 - Flowchart of steps to determine the best interpolated model of soil salinity
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Table 2 - Indicators used in this research
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Table 3 - Results of EC and SAR correlation test measured with MODIS and ETM + sensor image band
BAND Bl B2 B3 B4 B5 B7
LANDSAT-ETM+ EC 0.449 0.571 0.572 0.623 0.673 0.671
SAR 0.426 0.424 0.502 0.656 0.660 0.677
BAND Bl B2 B3 B4 B31 -
MODIS EC 0.661 0.709 0.241 0.580 0.591 -
SAR 0.664 0.756 0.321 0.405 0.635 -

wxii opl @ glyce onlpl bl sad SIS S0 sblie
9 bilye e olbl bylyd daSel | goe s
S ()9 Sl Wlgs oo (e ol (ol (e
RMSE &5 sy olis sdizmow 93 o 0 lajesli obj)!

P SNued o pd Hlde &S gyebay ilealy lis |y g5V
Om crl 3l g teal a0 0 oyt sl 1 el aw ()]
odicxiw g3y 40 oS RMSE & asg U Sly asls
9 V+Y) jlais b sy & MODIS 4 LANDSAT ETM+
Ored Dg pewle S0 b jedld 4 cuws (</AA
Sly 5 Sy Sl o adlis > s o Gl s o)l (ke
8y Mo 51 a8 35l (l3ee su)yt 2)90 oo 93 5 0
)5y e SAVI 4 Bl Sly NDSI (clayasls <lp o
dwily ETMA+ sdimiw (S jsbody .l (8ly jlade 51 iy
MODIS otz & Cens | (55383 5 55035 3y9] 0 o
YU e SS& Wilgs oo ol cpl BV 51 (S a8 abl awsly

o 4 Sl dsMo BB 55 (V) Joio 53 o5 j5blen

Lo ashy bosisiw bl jI S o Siused 30 o
Sl ol JoSis aliste (sloaily | ot o oSGl 4 d> g
dgdiee 43y 3)lge cnl ISy pp duolie 4 jolate red 4
a5 oigk cpl Ll wasl 8L ¥Y Jols MODIS ssizeis
d90 o oalisl (asls o gl ol 5 4 ol S ) 2
Y o) ol s ETM osiomis 0 5 F clal . azsls
JeSi5 o Byg0le g 308 Wil iy 4 1) MODIS s
s B Syl colia okdpbel (slo o,y b dnd o
9 bl seBople 9 o8 lanl b e Ole Cons
(V) Jode 3 (Ko ol &5 3)b 1y (oYL (St
Soadls b sl (Swen lie Conl dasMo 6
P& Gpsbar il clite lise slrosomie )3 (5)9d
Wy ly (dise sl Jie 5 sk (Wu et al., 2014) iags
Ol pimgg gl sl )8 2Lyl 3590 SBg)9d (b))
Ao CB U Wl oy 3l Lo 5 Juols (50 (sladids ol
Gl e ] b slezel BB 6y Hlade 3,905 55 Moy
33 0l o9 cawlio Lol sl 4zl cuenl (gladhio ) b S



¥y

938 Canid yd (G ygm il AW (Zriwwome g (b))

o 1y oo o)lgale ondplol aisej cpl j> &S ola jiagh
alex 51 SB ola Sty (o sly Boyleale oy yicubio ;)
J DY dlen 5l ainS Byre S Cugby s g (590
b Sy o39a000 5| oy (sl 03940 05 sl oyl

el (Gl jeBgle U je)dale

A3 5, MODIS ssizms a5 Jlb > aily odiomiw (opl
dylge 5l g oo Jolis 1y (55108 SIS S5 ETMA oo
PV (Ko (i @ Glgie cwsl S5 JB oS (6503
et cpl BYs 5l (S as 5,8 o)Ll MODIS gl
5 bl oo oyl ailjsy Sloj S8 3l 5L Wlgs e YL

MODIS g ETM+ s.etiw 93 bawgi ilises s yad bl oyl 51 Jeols gli -F Joas
Table 4- Results of evaluation of different indicators by two sensors ETM + and MODIS

VS Solel yasls s Sl Sl, Sl, NDSI BI SAVI
RMSE 137 119 114 101 1.56 1.46 113

R 0.62 0.73 0.56 0.98 0.31 0.43 0.60

LANDSAT ETM+ MBE 0.10 -0.20 014 007 0.21 0.10 0.18
MAE 0.25 0.13 017 -0.06 0.25 021 0.07

RMSE 13 1.23 1.18 11 1.48 1.64 131

MODIS R 0.61 0.87 0.79 0.86 0.64 0.52 0.64
MBE 0.76 013 024 0.10 .0.38 0.61 0.78

MAE 0.39 12 216 1.18 0.24 0.41 0.66
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Figure 3- Trend of soil salinity changes (SI3), vegetation index (NDVI) in June 2005 and 1400 and land use map in Qazvin plain
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changes during the study period (b)
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