oY dmis NN b oty ot ceas3k L

S32) Olul F Slwl 4 ) o 5 Ol g2 53 S ()58 Ol i (o 2
MODIS slacsls 51 eslazal

Yoo Y . Vo .
rwslﬂ.&.l.w stl.ﬁ 3 éj‘jo.l.w LSJW St g* L;vb).\.wb L;‘Lh.ﬂ.ﬂ
VEVENY oy VECATY S8l b

oA

Sl 48 ol Jom 55 o) ol e o s (513 i3 5 D1 38 oo b e S (555 Sk s 1
Ales S el 3 1) St (6550 51 (6l s as OISl SelJlS 5 4yt e oy oty ol slaans 53 553 51 o
S 1 e ans ol 5 R I il Cadl Sl S150LLs 5 (e A L allis el o S (65 g
Shesliul L (g5, Olwl i Olel a jdm Cy 5 Ol e 55 S (658 Dl S8l Jlagsy s Al adls 5 )8
ol sale ol 8 5 F Wl S 5 Lals 51 st ol gl d ey YoTo BY000 o 554 53 g (slopale (slaesls
b S 5 s 250 W BVE LS idp &Ll el 5 o ¢l (o3 Ot SNsad s A o3l
sas ol as e adlate 53 (6550 R BLASOLIS Dl nad g bl s VU Ol adle 55 (6555 o
adlee 10 gl 5 st (6550 3 (ppm fashS VW) adlaa Y0 5 ()58 Oy OIS 3 (g 20 kS YYYO) 77 addaie
PO Jslan U s 40 3 Bl 5 e palie i Aealie 58 0 13 A S 5 (0 2 kS 1AP)
L s v‘<:‘”““'“ e slasolis calse (gla el )l Ol v‘<:‘”““'“ Lol .5 ls n.)u.\::r\?u.\ slas wSeslul jlasl 31 Ol oS ws
WZJCL&)\MJJ":LLA adl ol yas LG adaie s,y alS ni @4;.-}3\{45;:);.]3\/1)8.&5)1 i
35dine GhLis 53 (5 pod Galislo mand 5 LS Gl s B Al e M0l ey 2l LS a4 cu

Al ot else cpl o (Shen pde 4 s

m.dastorani@hsu.ac.ir «J st et 5 <Ol | lg s (S5l 5 s S oKl (o e 5 Ll oSl skt
Ol 5 4 ok 5 Jlomaslem Ol 50 ol o823 Sl 5l dmly Jgis Y
d‘j‘i‘ ﬂ)‘}}'?ﬂﬂ ‘LS)‘J}'?’“‘ (":i} aK,i.:“: cé_).@..;r 6f)ubf 9 L:B‘jx} a.,\g.v:\: )Li:t'wal Al

sl s g 5l 4 S s Wlie ool %
DOI: 10.22052/deej.2021.11.36.21



1F4) 5l cpiidbg om0yl o233k JUw (bl pimnmgS| (owiigen (ol gy (sols alzo \Al

5 S b SIS L (55 4 i g5 (500 &S
53 Sl ik s gl s slasa Ly g0
3 ALS i s (b A e sl el sale
5 Slosl sl slas slad o 5 Ladl il 5 5
Onmmen S ol e Llast L 1y (65 (el A1 5 a
sl e Ut L5 e g5 5 Sl gl Jle
TNVY Oan 50303 8) 358 e (55
Sloolsals glmesls 5,8 dey s ov\.ifb;.?\ Sladlas
53 e LB IS A 5o 4 S 6550 2L Gl
ey Dalia 5 lo)lgale (slaesls a4 1SS 19}.5 Jsl ares
C)bl.Quh;l}Ul Wged Gl Sl (G55 yaeS b Sl
olie 55 1y e )l palie slonesls LSl (Yo va)
Galosd gl LS bl S (6558 ) Sl (sladlais
A8 5ls O el s plonil G ol Sl (5B S5 55 S
NDVI' 5 EVI aLS iis oasli w3l Siewes
LSe35 mad 2 3513 05 S ()58 2l
G 3 e ilsale plal SLIS Gbssl e (YY)
O 3L Gl oS Moy a4 0Ll el Ol
slresls 5 ojlpale ool slas 5l gud s ()58 ol
A (TVE) 0L San 5 el ol 550 il
Slesleal U s ss OLSs jlddhans 5y St (g5 (gilualds
SH—o ;3 VA u.<:wm.a satls  sloylgale 5 swe (slaesls
5 SOl Ules S S8 1 lags S o3l 5 s e oy
s olsale slal LUl s 4 (Y10 0, Kas
e 03 3,53 AR, 3 SLS () b g AlualE
i gy 4L et L Sl adan ol (gl il
el 0 oslizal _a3ly glaesls 565l sale (pl EVIT alS
Jely 4 Oliiee 359 55 Ol baosls Ole Gl 4 S
P A0S o)Ll Sl s L 53 i ol Vb
leale ()2 glmesls Siwan (YA OILSes 5

1. Lobell

2. Normalized Vegetation Index
3. Zhang

4. Enhanced Vegetation Index
5. Whitney

-

VRV
ol e 5 e 22508 DLl 5 VU glas (55l mals
Jas Ol 53 el O ame 1 SGa S (650 ol
AU 5 G3sliS Sl s sise JKia ol 253
G 45 Sosd g8 ol el 00 DL 2 (L
SLacT 51 sty sliad say 355 e 48 35 cypesd
IS glaans > 5 das e s s i b s
Wledd gy 5d Ko slms aS ey 3l anas ol 6 28
L e Gos=d dmmsd ol 035 Rl 3 4 ) Olomon
o=t 83 Sy M5 s5uliS S5 a5l Ols e
=0 5 eas 038 bay OF Sl 3L il oIS
5 0lalS i (YO OLLSan 5 osl3 &) 5,5 5 =
Sogm Ml el SL (6550 4 (55,5l Y smme
Sl e o Ol 5 e K b 5l S
DS Ok AT (S350 3580 368 (el S 5 e
I s s S (6553 5 (IY) ey 5,8 S
Los sl 53 S 5 lagpme SHITY 4 Kon 5 ol
Slaadil 53 0TI & S o Wloks Sbt (5550 5l
5 s n) Aled s 3y Ol dile Sisas 5 S
Sl i 50 7S ) C}Ua\ D3 e s (VoY cbgb\jv.:})
e Dl $305WS 5 S lams e 55 S (5554

NG|
S 5 s sl 5, L S (g 58 @S s

uﬁ‘ sl as J“:’“’U’w 6)L:_w.. uLo) EENE LY Mdn rbu\
jaJ_Ju_A r\_'>r_7‘ J:v'la” CABJL.') 3 gd>ee J«:L:;Lc BE) Lﬁu::j)
o= s lS e als a8 aves i sl s oledbl
4 ﬂ‘)\ gL'.“.J.“vJ_A ‘6)');L_;"S g_é)L_..a.a LS‘J" Sledb|
oslaul o)'}J_A‘ Lol ¢l eJuiL;a Codgd>ee )lg-b szb e
L Ol ol sleslgale slal 5 (5505l o sla s 5l
ch a-‘ijA 9 C,.GJ_«: L L oslesls )‘jJ QU.:L'».A )L:.b-‘ BE
Oen 5 > 5) diS g St (g5 3l ids glaaii
k_ey\:_>\ JAJL.»:\ » d‘o‘)\}blﬁ J.uL.a.? L LSLP- d)j».:: (Y'\Q
MG il glaas o L5 blaay S5 s



Yy w590 plwl )3 Glinwl 4 yuus oy lw pieid 30 S (59w Ol ki (o) 3

NG P
oA Ay e B 4 edlplsll e 550 4 a5 L
31t losls 31 skl 5,5 O3l Sl 5 5
Al ol 6 Sliios (Sbr 555 L) sl s
J=lss Ol S S gt il S b s ol DS
o dl5 e O 3B e s el 0bl ol
A8 SaS o0kl sladde seslael 5 e guall
D o Sk 30U e oS el s 31 65
il 50 5 ol Gl IS s 5 ol gy A
0Lk L 2lBles o e B S s oS il
DS s sl 03 e b33 S e
LYY G Yors Jlo 5l dle Yo 6y 0 53 St (o
ok o b Ol gd 53 s g 85l sale glaesls Sl eslina
m30bL B LS Sty ol (55 Ol Sl
Lo ol Ol e & LIS o gy ol Cu RUWPSYISY)
3 S pdee 53 5 S Sl 5 6 1S 5 s, 5l e

Al st 50U e

TP Y

oldlae aakie
23 Al S S Ol el pl 5 Slalllas ddlae
Tl B i dob o 8l g5, DLl & Ol
ST o LYY Jls S5, 5704 ¥ B oA
sl 5 035y o shS TVYF ailate Cols ol o
Jls e daa ol e VAP LS Ve oL i
el Gl o0 glacis 5 Jld 5 Sle slag,lsenl
Lol an bl glacKis Jold ailaie sladisle bdas
0 S Sl 5 S T Slses
&L s o Gl dates [l o5 ol adlate lacand
einl 535 53 Bdae 5 4Bl ol aidaie (glaSls s
aidae GV Jage 550 LS oo 513 e (Bl 5 J s
31,8 Sl i o)) Vb Sl slos 5o 5 2o Lo YE
St 3y S ka0 el (Suelh il oS o

Lﬁ_wél_h))djfjabfc*}ﬁwgwéf)lsbﬁkf

Ao 503 ;S ey g i 25 4R, A |, SLE
5805 sl gy BB Ul oS Lok /74 Sian
Sl oengs 5 pabe slaesls 3l eslizal L (Y14) ol K
Glrosls 4 oy ams @ 3l > S (558 o)
Gy sl S0 bl ns slaesls oSS 55 slo s pala
o (YY) OS50y 5 s e S e fas
sloesls 5 505 5,00 Glsesls jlesliul b S (5550
VAP LS s s s S o8l s e 6l pnle (61
OLLSKen 5 oal3 b .ol ooy b ey 5 laline
o A 033 3 e slmesls Sl eslaul Ly (Y2 Y a)
Al s Ol S e 53 YT B VAAS 5555 s Sl 554
o diod e 5 ol S o3Il S (655 5l Jusl= =B
Sl Olas Vb Seen o ol 6555 b
Sloslgale slaosls 5l esliul o sMs o2 s s
I S e 5 s S e il sla
Jls 3 ladlan 53 (Y008) b i pad 512 25 0
5 Cmwtd sl Sl edalasa ()58 laesls o AL
Sl e s 3,5 adalie Sos Slialie sle
s (T10) O 5 (sl 25k S 4 gl &
Shesleal L pliadl 5588 51 gand 5o St (5o5d w2
NDVI jaxli 5 ol o8, 28 (lo)lsale slassls
L s ot Aol 5l 0L sdelwsay Sledbl scstls
b o (ot (B5b Sl ol 035 allain SIS 5 5
5 Gl e s e o 5 ALS
Sla B, 50 Cwdd §lsale s slas 51(YA) O, Sen
Gl il 0 SLat (6)5d (el slp opdle (5,500
oerls L SLs ()05 45 L5 S sdalin 5 eslizad JIJ]
SLt s Gy 5 LI (0538, A28 (ALS Sy
s SOV YY) 0L 5 e el a2ils oo
SLt )58 by Gl (Fman mas 5 5 A
3 OLES sl sy gl s S eslinul o5 dilate s

1. Shrestha
2. Yahiaoui
3. Sultanov



Vo) Sl cpiedog o 0)lods o33l JUw (bl piamnnrgST (cuwdigeo (A1 sole aloro vf

S L;)jﬂijmtleu'\MA' S Bl O o
L el wsas o polie s S s CLM\ slas
l_ilS u..a.>-l_..2 JNLM‘JJY.Y. d)jﬁim‘)b JJLM ﬂbuﬁ

g e Oliale S35 B sl ol aslis

Gl ol amay adeie Lundse 3, 2 0 ol 4 3 0L
C_,.w\aMAjb\(\)Ji&)bu:ﬁLdﬁMwa;—

) Cadly AL A

u_s;jj el_d‘)bY'Y' JL—««U‘)J Lf?‘) &_w" ”\_53.&.343.:.@61).,

He.r .nE

el 4y i Sl s ol pasty D1l 5 55 Ol Bliml 53 ke Ol g 55515 iy 2(1) S

ol 0k (IS gl ALOS ol 5ale (5,20 VY0 o)l o gh, a2 5 ool amsty (5l godl 42E (g9, p Lialw p 2EE

Figure (1): Location of Torbat Heydariyeh in Khorasan Razavi and Iran along with the sensitivity of the region to erosion. The
erosion map is placed on the topography map obtained from the ALOS DEM with a 12.m resolution
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Figure (2): Distribution of height, slope and slope direction in Torbat Heydariyeh of Khorasan Razavi
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Table (1): Correlation between salinity, slope, altitude and EVI data with salinity values measured in Torbat Heydariyeh of Khorasan
Razavi province in 2020
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Extended Abstract

Introduction: as a major cause of desertification, soil salinity may be brought about by a variety of factors
including but not limited to improper irrigation, poor-quality irrigation water, saline groundwaters, saline
geological formations, and improper land management. Considering the fact that direct measurement of soil
salinity is costly and time-consuming, this study sought to investigate the chances of using satellite-extracted

remote sensing data as a proxy to estimate soil salinity.
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Materials and Methods: : This study investigated soil salinity changes in Torbat Heydariyeh city, Khorasan
Razavi province using MODIS satellite data collected for the 2005, 2010, 2015, and 2020 periods. Moreover, a
combination of MODIS visual images (bands 4 and 6) was used to construct the salinity index. On the other
hand, the correlations between salinity, altitude, slope, and EVI (Enhanced Vegetation Index) were measured to
evaluate alternative indices and examine the influence of salinity on other environmental variables. Furthermore,
to prepare the ground truth map for 2020, some 80 points were selected using random field sampling that was
performed on the top 0-5 cm of the soil surface in late June 2020. Soil salinity was also measured via saturated
extracts. Finally, the values obtained for salinity were compared with their corresponding values in the 2020
salinity map using the kappa index to ensure the accuracy of the calculations.

Results and Discussion: While the region's salinity level was found not to be very high, the trend of change
indicated an increase in the region’s salinity, especially in the southern, northern, and central parts of the region.
It should be noted that topographically, most of the region is flat, possessing some low elevations in the middle
and northern parts. On the other hand, soil salinity is believed to be correlated with a region’s topography.
Considering the fact that salts tend to accumulate more in the lowlands, and that highlands become saline only if
their parent formation is saline, this study used an accurate digital altitude map with 12.5 meters resolution
extracted from the ALOS satellite to investigate the influence of salinity on the distribution of soil salinity in
Torbat-e Heydarieh. To this end, the correlations between salinity, altitude, and slope were measured for
different periods. The results suggested that the correlations were insignificant in all the studied periods.
However, the highest correlation was found between salinity and altitude, which seems reasonable if the
distribution of evaporitic and Marine formations in the plain areas is taken into account.

Moreover, no significant changes were observed in the region’s vegetation between 2005 and 2020. Dividing the
results of EVI analysis into three coverage classes, the researchers of this study can classify 60% of the region as
being coverage-less or possessing very poor coverage (2235 square kilometers), 20% as having medium
coverage (745 square kilometers), and 20% as having high coverage (745 square kilometers), respectively.
Furthermore, most of the region’s vegetation was sparse in the northern plains on the alluvial sediments.
Accordingly, some 60% (2235 square kilometers) of the region’s total areas fell under the no-salinity class (0-
0.17), 35% (1304 square kilometers) under the slight light salinity class (0.17-1.2), and only 5% (186 square
kilometers of the region’s area) under the extreme class (more than 0.2).

The salinity measured in the field was compared with the corresponding values obtained from the produced map
to confirm the validity of the salinity index. Accordingly, the kappa coefficient was found to be 0.65%, which
confirms the validity of the measurements performed. However, the results of correlation analysis between
different parameters and salinity showed that there was no correlation between slope, altitude, and EVI, which
could be attributed to the region’s sparse vegetation. Interestingly, the height and slope correlated more with
salinity than with vegetation. It seems that the severe lack of vegetation and the accumulation of evaporative
formations in a few points of the region have led to the lack of correlation between salinity and height, slope, and
vegetation .

Conclusion: The results of soil salinity analysis in Torbat Heydarieh indicated that using the remote sensing data
was a plausible alternative to direct measurement of soil salinity. However, soil salinity did not correlate with
other environmental factors including vegetation, altitude, and slope gradient, suggesting that these factors
cannot serve as proxies of soil salinity in such arid areas. Moreover, it could be argued that the salinity index
may be used to monitor the region’s salinity as an accurate measurement. The results of this study can help land
managers deal more efficiently with salinity, and ultimately with desertification.
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