Ve lano)  F oyl A al> S 508 Sliios

123b g sEgiuan sbop iz 95l 3l ooliusl b S il 5 Ky oLl
&loylsnle

M99y aY

OV /- Fe by b WA/ Y sl o )

LRV
Gtz (pl Baa ol Gialidl o 50 (6555l Glas i aslp j0 00 5 Jdoas S claST L g 3a8o Sledbl 4 5Ls

5 Ol 510 Ggeme S5 699,9 loosls plsieas slojlgale ygloal SleMbl jlosli il b S 2l 5 S5, 051
TVX TCI MSAVI MPDI SAVI PDI NDVI lo,lgale sloalis pol> jipghy ;o abl oo (S5,0 a5,
Ol yaets 392 51 (S 2o y0 gty el mhans 10 (Sl (03 .0 solazwl VCI g MVWSI RVWSI NVWSI VHI
55 pgm3l ol (S Sl g5 15 51 ol (file (o fosine gl e o asli (o o) o sins
3 o—% 9,90 ;0 MSE g AMAPE RRMSE RMSE (slas (slao,lel il 0925 0o )0 iy Jloix| e 5o
C8L s izl alS s ;o YAIY g VE/FY AYIYY VO/FY oo a lacin )1 a5, 4 (8550 (e ,S
Loog plain o e )5, 9 Slawline S cdl gg sl 5l Sl mwcons 0y90 ;0 S cél cdin L S
@ Olatimdy H1 2 Hge— ) & (550 g5, SIRPD o)Ll S K5 slaaddge o S 8L slizl (28,5 Sl o
Rl ao s el (553 g S5 plp 5 Ol o Gee ) 2D Sl &S Cutls (Aol 0o, VYIFY e
VEIAN 5 5 s g 30 laitie s S0 g 5, & &lfais a3 5w 5, JIMSE 5 RRMSE RMSE (slao L]
@ Connd (Sgmm 55 5 Jde 90 yign o Shas by AV/AY 5 YY/OA VYND (i f ) (85,0 Cygmmw 5, 50 9 AF/7 5 YVIT
S S & St ety o e TS Slae 5] il il 03y Bty (S e S,

clls S bl 9 K5y s )0 (650 o, Sles

RPD > LS‘L“"’)L"T ‘O%_“,)f) ‘d\a)\}mlﬁ Lglmua.&l.ﬁ: o L E Y

N V-AA s

Sll,dT Gae ageds olKails (55,5liS oaSails Lzl -
laleh_parviz@yaho0.com :Ssg xSl o™

AA


mailto:laleh_parviz@yahoo.com

LS il s S, luls

Sl (p g o5 Wsls Glis @l e85 )13 o) p
Jold gdg slasih o e g V) - B (slasily ol gun
VY el Log S slaail cpuyign s Ve ) 8 bl

(Hasanzadeh et al., 2019) ¢l VY
5 bl ol calan o915 (ol Jl wlgs ol ol
s jlalais Fe s Sidge ulys Job oSe gl )l
g alfaiz s (g S, 5108 0l adlaie ;o S0l
S Joe o Slee oLl sl lars .ol ool 250
eSla iz (RE) s slbs (ME) U3 Sl
Sl Ggm iy (Kred 035 3 (RMSE) s Sl e
b O3S pln )3 (G50 G Sy S 0 Sdes
Loy oadgle oyl oyl o alas
5 St 8l @l calie (2558 (5T 605,
3y e ) S FpS allaiz S e S, L
L .(Dehghani Baniani et al., 2012) ai oo} yuoss
PH (S il wile S gla S5 e 5l ool
Wgei V8 laools 5l Lol 5,0l JEx 5 JTosls
G is, 65,5 s UNSODA Sledlbl il S
oS (S5 ol cud b a5 (S50 (5 S
5 G osle culpe wlaly Geew,S) Jow 0l 0o
Jobs Syl L]y (Ko (n S &5 () o0
bl olalyy (il dnngs wils S Sels
G 99 )3 (F5 50 (ygem S ) S oS 9 Shes 5
o9 YL 28 sl e liel 5 o
Landsat- (slo,lgals ,i5las L .(Ostovari et al., 2015)
S X, S e byl 4 Sentinel-2 4 8
oaipslid bl il asle . Jld o)l o xdaw
S okeiiy Jon el ganail azgs LB cals
&9 5l 698 alayl) g aalais ,o Sentinel-2 4 Landsat-8
slasz 5 a¥le L)L Sk S 8
JB ali (Sahwan et al., 2018) o4 (5354/99 o555
55, slbailye o wlSail loasly s alal, U5 )| 4z g5
OS5 5l eslaiul slra (Lg Sy 5y gup) S
S iz, diged lgiedar Gl colh s
S5 sS ) 10 5 (Kiad oy 45 (Mattikalli, 1997)
st 4l JU ag,) A 31 it & (eslu e
O Sl lie bl ol )| S K5 (o 5ludae jo (g
9 Soas gmas aSed (Glatiy o edle o Shee

A4

dodilo

Syl Gl S5 g e jlaste 10 coge il S
5, g il asile S sla S 5l DT Gl ol 4
s LS Curdy adlhe 4o ege LB S
Soete il (65)5laS pwaige > S sla S
2Bl § S uled (LiSe) Lo pae (S
Wl oo S Gla S5y Ol s 0,50 50 BT 51
adliy 5 bt b sl 1y saiadyl Sl
S w8 (55,5l Bble )3 ohgd (pde SR
e Jolse Sl elitiiney gyl 9 OBy eldl
2 SE (Sd s alerd sla SR » M350
Sl ns 5 Sladl lacdld 5 55,5 ol
e > S GlaThy S S Lol bse
(Wuetal,, 2018) s jiSasS sla

Sl 53 s IS8T e S plgieas Sl
5 B st 5 (S slolid, 5 Ty
w2l op2d ( Gesl5 Jols cudyb S g plol>
Ding et al., ) sgd oo a3 )3 Jlas o b iSa)
698 el flacd 10 S K e ee (2020
Sl olge 5 ool wile S sl Shy ple dposs
S il s (Stiglitz et al., 2017) T o Lty

Srotelin 53 (oo (A 01 @iy & g 4l
Syl S cbli> Gldlhas 5 ol 025, (o2l 68
aile S il Jgemo Julow g a5 J> ol b
g 009 OIS 9 S8y Com g Sy laghs)
S8 3,08 b sloaiss g aiged ol olaws (gl 059 !
(Coblinski et al., 2020) s cwlo YL SIS
s glls ile 4z s L S K s
oolaiul ol uly «(Stiglitz et al., 2016) ol 1, Jao
Ule so a5 (Coblinski et al., 2020) el b S Jl>
pobar jloslainl L S Sawe Ol)d S Ol s 4
S S8 3,08 L MODIS saizeiw ¢ 1,5 ol9ale
4 (Asadzadeh et al., 2019) o5 o,Lal o O« -
@l sbail 50 Ol S S, e
o5 oliwl yo &l cuss o Landsat slo lgale ,glas

1Biota



V.o Qw)¢f0)Louu¢Q~.\L’.>

S 60,5 wlabss

MOIDS sz jl ooliiwl b B ob oyloub 31 bl 5o
9 LmupL» JALM: 53959 t.;LQ’)M RUER W 0d )lSA.’
b sibodae wivg slojlsale nolai 5| Jol> slanil
slail g MPDI .35 plxil  coran wac 4SS
S K metd 5o G280 o ls flge 4 Sl >
(Parviz, 2020) wols 3 ,xe

S 28l 5 S5 e 50 S50 G5 9 Oletie
Jols sla asli g laail Jolis Jaw slo (559,9 .col
39951 b sl MODIS ssiziw slojlsale pglas ;|
£33 5 Sloj 5 3l laail 5 baasls Sl (SUls
25 ezed 0SB min e S S8
3,50 a2 Sloylgale slo asli glo ool )l 580 Sl
28518 b

b g, 9 olge

axdlao 590 adlaino

5 S8l Jelow 5 452 (sl oo s pslaer laosls
S dp— oS iils sy 4 by e S X,
ool (55%eskS YO jo @dly (aiged Yo) (lowly)dl
20 005,10 paigel bl CoaBge a5 dg 1l )3 -5 15
polal Sloj 0,90 .l oo ool oz v SS
b g olh—wsl Gl 4 bbgs e MODIS oz
ol dilie S cdl g (Y)Y B Yo10)
g o= S il gg g0 Jold Bolas g)ls paigal
ook g Lo slaosls (Dligygys el g (o09) -5
3 S paiged dibaie @Bl el o g 55 Lol
O olegd (lasead8l ul—ulp YNV VAAY o o5l
295 sdnainb gt jl ooliiwl b g S_isdeus

A 3,90 xnl

Slojlgale pglas 5l o b slogasls o cnl )
5 Obi—ia J10 5 (5,55 $95,5 Sloodls lycay
Sy90 50 delol o as 8 )8 18 eolai il 550 S50
S5 ) Soe g oo daid I Say s sl
ol 0 00ld sy

S el sl WS o o aarb CS o
P oy Al bae syl el
ooliial )90 Ji)S @lyi 285 bl oz (2 f09ix
Lo £led g Sldezaz laiy by opdle 4o
9 Eoae mas A plp e pleitiy Hlon il
Ol 2 09l os s 0o ilo ganail o5 o
Sl Slabez wiz J)S 2 b oleciy oy opile
u"’L"“ ‘8.63)‘ .A;SLSA J,o.c ey Gcl.:...q 4)[.! £y
Ok e Jobo g Cony bl sl e somadil
O 58 S g &S Wdg (o Slaasll (et
WU ) w5y 138,55 aslllas o 90 dilaie o S 2l
oty oy oedle 5 eolinul L (et al, 2018
S cil gundads 4 we o glddlhaie o adlS e
Slyp S pglar iiloy jekaie cpay ol asls
85 plonl ash, S sl s Sy a5
35510 55 5l 5 50 peolie 5liael Ceway (5 ey 000
&3ty () bawgte jsb 4y ol eoliial (Sho by
olis S gladigas plad gl |y s sy VY
JX= sl Joe (Barman & Choudhury, 2020) sls
Gl yeiie byl sl Olatiy o Geble 5 (Solas
wng 65 g Jore bz Sl i o S S
STy Jold 6390 slapsie wad ool
LJ“'M’}’ 6Lmua.>l.m DEM )‘ 0 C‘)"“‘"" 691;9"9"
S S, sbhoaiScaos 90 5l Lioww 2LS
4 Loy o (LegS=5d9) (SU5L imtels I Jol>
0diS Sy 2% SAVIE 5 NDVI ol en
Sy o o,Sles iy g S LS
SO gt slr 69y sl Gl
5 A S a8l ganaib slp LS oo
OseyS 5 (Asgari et al., 2020) wogs laciin oy
Sl @5 () 5 shol slaadlge Jolos (o5 4 pl5
SE ) et )0 F5e 6995 Sl et Sl



LS il s S, olelis

40UE  4500E  40UE  ATOUE  48'00E  WO0E

S0 E

3T0ON

400E ANOUE  ASDUE 4T

NMO"OON

FE 00N

P 0ON

S ouds (5,18 paiges bl g axlllas 590 diliie Condge =) S5
Figure 1. Location of case study and soil sampling points

savi = @+ D)oo = Prea)
Pnir T Prea + L ®)
)
MSAVI =05[2p,, +1-/ (20 +1)7 —8(05s — Preg)]
(LS iy oo s Ly Jolis asL_s NDVI'
s MPDY  JLS_t5 gog0e asLs PDI
Lyls asls VCT wad o | Jlu S5 (go50s

o0iiS Jyowd LS asl 5 SAW  alS i s
0025 s ans LS asl_s MSAVE (S ol i
Ssobe w3l 3 b3l ol pnir coaipdlal S ol il
o M o8 ail jo L polie pred o035 30,8
NDVI NDVlnay ¢ 8LS iiigy oS fy (S L

e S NDVI - NDVline fv:qut@‘giﬁ
f =0

Jl}u‘f‘&&u@.’)}h{bl_s 9

4Vegetation Condition Index
5Soil Adjustment Vegetation Index
6Modified Soil Adjustment Vegetation Index

Sloylgple polai 31 fol> gla sl
w55 Jels lojleale polas jl Jo b slaasls
Jge i —8b oo (b ) abasly wb—ulp (ot
5o bail gonaiws uloly colaiwl o500 sl azli

Sl 00 00)9] AR Ja.:‘j)

b S5k el b aslis
NDVI = Lnir ~Lred M)
Prir + Plred
Vel = Novt,.. ~NDVI”
max min (x)
1
PDI = —(Rred + Iv":\)nir)
VM? +2
p)
MPDI = Rees + MRy - fv(Rv,Red + MRV,NIR)
(- )M +1 )
f o1 NDVI,,, — NDVI s

NDVI, —NDVI

1Normalized Difference Vegetation Index
2Perpendicular Drought Index
3Modified Perpendicular Drought Index



VEe e by F o)lot A al>

S 60,5 wlabss

by )10 3 (ygum )5
S a5 (Tog2g b olociay Jloy o dle o Jos
SloasS b pagae alin VAP ans jo o, 2l

Lo 5 anlie o5 5950 g Cam |00 orliS a6
o Ol o Geble gD ge (Byre g0z
lasgarma ol |y a5 ol onds &5 (g, S0l s,
sbal 1y Jae g el ond asls 550l (sladiges |
awd |y sadgunadls sladiged Wilgi oo 45 WS o
S ol oy il S s A8 los> sl
@ gl SLSE plulpy Jeialpd il
fox 1) la_ws aS ama o pl oy 25 b e sla oS
Jop oedle gunaal wlol Jolabl S oo
b Sos slad e (o T899 slad has ol
ol el ools (gl slayl tl3l sl 5V sla
ol glad s a baosls ojlo loz gl s ol
= ol gl A8 oo pdy el 1) 95105 5924 00ld
S b lroolo b gamy g0 (sl_ad 3l slaigad jo lg8
lap] g8 o5 (o8 ool (it 5 St slaaised Juli
ols s wes g |y (WS ez g5 wlas ol
L oy o a8 ol adsl goms g0 sla s (a-Y JS3)
S90S Blol b wlgi oo 09 (oo by (Shg 90
G de glad a adsl sla Sy b eloly po
1y onls bl glmle el Lo (e 055 s
Slazio a5 (b oS oo o0l )3 2o jeome olaal jo
J5i) e laz o2 31 laools gl S g 0g—is lauy
b oleies oy i le Jote 4 ot by Jsous - (b=Y
Aoz 2ir o s siilon Sslice S5l ololy S
Oleiey o Ggam 555 025 (o0 el ageSn o]
osls culs K5 sl 1y sl Jlop i le Lol ousl
plxil g (s e Sl Gk SIVL bl b slad
B @b S e L1, La s ol o (b g S
o 0iS oo Jowd YU ol b gl_b o 1, laools
Langhammer & ) sjw oo Sas |y o g5lulas

(Cesdk, 2016

3Normalized Vegetation Supply Water Index
4Temperature Condition Index

ay

Sl sl
LST,, —LST

TCI =
LST, . —LST,.n

V)
los a iy LSThax « glos Lyl asLs TCI

LST ‘L)M) @a_w Lgl.n») 44.».05 :LSTmin ‘w) Gla_w

=5 ¥ s sl

Tvx — kST
NDVI W)
VHI = aVCI + (1- )TCI @
VHI = v ver +199= T o
100 100 ()
Nvwst — YWSI—VwsI,,
VWSI ... —VWSI .. QRD)
vwsi = NDVI
LST
100x NDVI
RVWWSI == "22 gy,
LST —-100
Mvwsi — RNDVE ,
RLST ?
RNDY| — NDVI ()
NDVI
RLST = &S50
LST

ol VHE  Gles - alS i bgy aLs TVX!
ol el el NVWST ( alS i by ool
O el Las s VWST was Jley olS i sy
i ol el sasls RVWSI ( alS i s
i 91 o el el MVWSI conds 2o | alS
NDVI a0 oo (slos LST ooy Jyows aLS
tLST L ol ity sa b loy Jblis pasls
oL e NDVT sipen) laos (slos (il
i o V02l by oa Bl Jolis
solie ;0 TCl 5 VCI slaasls cos ppe ,S0bLes
VCI o slos Lyl, 5 a3l 5 TCT WHI asl s
Menxin & Houquan, ) »l3 i byls sl

.(2016; Shahabfar et al., 2012

1Temperature Vegetation Index
2Vegetation Health Index



LS il s S, luls

4 posive somple

negobve sample
X el
/ » \
/ - \
/ +
+
|+ s
|+ + |
.
4/
\ . y
+ /
/
a) "
2

b)

X L

5 ol e 3 oo yolio b 00T (slaosls 31 sleiged (@) ola GieI591 b ot s o ol bl ol - JSC
Wosld 40,5 las gl g slaxio (40,5 low 5l -8l uu|)$| olal b ools glad (b) (UL RV PN L] sla: Sy
(Langhammer & Cesak, 2016)

Figure 2. Principle of finding the linear solution of classification by augmenting the dimensionality: (a)
sample of training data with positive and negative values, where linear separation is not possible (b)i data
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Table 1. Result of Duncan's test of input variables basis on time and soil texture variation at the 5%
probability level
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Figure 4. Correlation coefficient of soil texture and color with information of satellite images
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Figure 5. Sensitivity analysis of support vector regression (sand)
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Table 2. Soil texture (observation-simulation) in validation period

Validation Period Observation

Support vector regression

Tree regression

1 Loamy Sand Loamy Sand Sand
2 Sand Sand Sand
3 Sand Sand Sand
4 Sand Sand Sand
5 Sand Sand Sand
6 Sand Sand Sand
7 Sand Sand Sand
8 Sand Sand Sand
9 Sand Sand Sand
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Figure 7. Comparison the performance of three kinds of regression for soil color determination
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Abstract

The demand for quality and low-cost soil information is growing because of necessity in land use
planning and precision agriculture. The aim of this study is soil texture and color estimation using
satellite images information as input variables of support vector regression and tree regression.
NDVI, PDI, SAVI, MPDI, MSAVI, TCI, TVX, VHI, NVWSI, RVWSI, MVWSI, VCI are satellite
indices which related to the region in Azarshahr (East Azarbaijan). Duncan's test at the 5%
probability level indicates significant time differences between the indices. There was no significant
difference among the average of indices in terms of soil texture diversity. The error criteria RMSE,
RRMSE, MAPE and MSE decreasing regard to sand from tree regression to support vector regression
was 15.43, 13.33, 16.41 and 28.7%, respectively. Determination of soil texture with soil texture
triangle in the validation period indicated the agreement of soil texture between observation and
support vector regression. Considering soil texture and color components, RPD statistic increased
from tree regression to support vector regression by 12.43%, which indicates the efficiency of support
vector regression against tree regression. RMSE, RRMSE and MSE decreasing from multiple linear
regression to support vector regression in hue were 76.88, 77.4 and 94.6%, respectively and for tree
regression were 72.15, 72.58 and 92.92%, respectively, which is indicative of better performance of
two regression models relative to simple regression. Based on various aspects of analysis, support
vector regression had better performance for soil color and texture determination than tree regression.
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