[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.22516174.1402.14.27.4.1 ]

[ DOI: 10.61186/jwmr.14.27.38 ]

Sl b Blia 9 659 WS pole olSutil>
8l 035 Cu e asliubgly

YA VoV bl g )le /YY 0yl /pmdylo Jlo susol o) o e doliiimngy

"‘5‘“9.},.& dj&c"
Olpsle oLl SIS 13 Sl 123lo 3,91 11 jakitods (B jgle (55108 (21,5
delo.c ‘:ﬂmm "\'ﬁ“"Brd"‘)'Q‘f M c“,&;‘b 0

ELO8

(m.danesh@sanru.ac.ir : Jgsuw odiums) ¢ s )l rub @olio 5 (55y5liS" pole olRuisly S wdigo g pale 05,5 Hboliwl =)
OIS pte Sy oSy (SB wdige g pole 095 skl =Y
Sl (b e g (559l pole olStils (SL cwdins g pole 09,5 Hluiils ~¥
Ve NIV i pdy fob A SRVARVAL S W I
O U YA axio

bgunso b

9 Uil Copte slooigy 3l ;3 g Canl Judd S il b 00T 8 5 maine jokay 45 0395 8l (glin] o yiane | low 1DAB g doddo
digj By Gy pibias gy Loliio 53  DEles pausye g siias (elb B, il o0zl b S s ol dellas 3,8 8 aine syl «SB cbilis
oot & S By g diyge Bro g by S p b lgice ek 9l08 Cyzmen (298 byl eolitel b wegiyel il (YL 55
B3l miisb 6ygl b 3 odlizl b hijle il 55 SB s elinl i slo )k, dallas a4 5yl kad pils imghy il S (gl
D31

(SRS) (bolas b (sindivo (63 paiged B9y bl o «SB- a5 0GBl Vo os I SB Bga WA ggaome i e 1B 09 9 S0
homd 93 & Indiges Egame il )3 .05 (6yglaen (liw] wlis S5 g dmoly & o b))l 6 ylS ¢ ol pao 2 p97men (il SleMbl SaS L 55
S Slaye Jihs fge)S) Spsteniaz oS | (6o b bad el ((Frie)lisl) Jiwe (s sl g ((mily) Joe sl ln
Slor 5 (o slools — nl5) (555 xS0k s 55m s oty Sllas 5 ACV) ol i lie] 4S5 olul 5 5 (PLSR)
e o Sl32) e 5 slaids 3 i e HSGA) sV Sl s (sl 2 (15U D) b Jg) e 5 by
A5

15556 F sl by oleg S s plol 4y PLS w680l cliso 1 gjbodde Slilas bl 1 oo @l L (slaylis, 5 oMo ousyys S0ARY
troslas Glsica & AV Loy RPIQC 35 5 Y+ (i RPDC o A¥Y RMSEC (/00 RC i 0,8 claseiio ol b (LFS) ooy
1 8 sl 038y dilaie i jolie o5 53 Jao Ul Baimd L el 5 a3kl (oljle el (bSE cdu olie 350y car St
56 5 ik ey bt jpolie (Stuan uolpd 03,5 asutie 5 0nd (g5lo)8T 3 s il oy 3 S50 (b sladiels sl
3egl VYV (JIVFe e slasil [SWIR o /YY :yogl A%+ (JIAYe NIR /¥ 105l #A+ Vis /YY1 0gil YA+ UV b dpolre cas i s
iaglh YEF+ JIVETs clasil sl 3T )3 305 +/FY 29l YYD JIYYRe /¥R 20l YYY e JIYY e /YA 250l VAV JNRY e /¥
Jitus gl jusio loiedy byl oYL 156 g 390 31 (S (R(CCMAX)) (Siwmod polio i b odid cpund il (slasil 10035 dusloes +/FY
S35 508 9ol Sy0 STy (2l (PR gl (65l 08 B «ales 53 Wlodg: (lile il 53 o eyl Siae 18 10 S (ass
Wy Ol & dilaie ) Claw glinl w)y 5 (VNIR-PS)

Cap gl plyisd Slgie & 18 pasuie clw Sl cov b ik sl g oaih cgiloe 20T 1 oMo g (ul )3 35 S Al
Ol pizpen 355 )18 odlatul 5)50 (glolsale — 2lsa bl (odly bawgi (gilo plie i Slles b g Jlor olide )3 o 3lie gy
S e Jde sl 55 g Ao ik slagga sk (et g (siloyST 3 gl plgied «SB B3L (il (6yglid Cueal Buind (LS
Fuday 29y 35 9 PYL Ol Copd b (obodld 1o Jde CutsS dauy (slp D9 o0 dnogi ¢ pizmon bl oo lojlgrle (i yed (sbredld di 55Lasl
LS s 6y yebody Slgs PIS 556N B35 )5 solel

PLSR 3l (ot gl ailow ¢ 098y (slinding ssilopwlioyin 15 lS (sW031g

L)“’9{ fL.wl) qu » .(\’c\V) Caw d)?)“‘o 9 ‘D)\f S
Sxlp S Sle 9 S35 o8 (gdlem(Sye (Priwicl
sk SB sladiges 0,8 oSl b aS edgr isuisel
2 oy B kel @ B (P g )l @
FE @y (n e (PSS) S (artwtglre )
by JoSo plom Slgioe g Mdlie dujp o5 9 IS
35 SB byl dlas g sl il
gl sbol cuw «SBoBamy S sl (VYY)
&%)ﬁ dasuie ‘_thbUOw b]).o.tbdu Sk Lng:_o.Jo
heowlply 20,5 o {Spectral Characteristic Curves)
oy 9 w3 (gly (SSCCISSRC) b cluognas

E

Oy Olyied & Lab (o glre yglod gly
. ST .n . .
4 POp @ P eede Wk g5 TS w)p e

dodko
2 Gk Sl syis (SPC) SBcld S5
gl 5 Comj bame cBlis (ialop SB 58 Jols
e lalps b 3blie )3 (VF) 18 o0 Wl jluky (65)5La8
oSt i jobay (8l sljal Gl bl (S il 8
ABT.00AXY) cul aibaie p SB cblis cunsg b8
et cole jl (Gl » SB w2l )
Sloiy cosal Sl aligbly 9 SB spdile s Horen
ol ol i Gladss o aS gyek .l Hlayes
b olbisleSE el s eVl polio b bk
b g Y jlew (pdiphalo o8 Jlaw g)lul 5 ploxl
35l o olyors ordans (sladtugy Sl 5 Lllg, Ly s
P SEcde gl ganag JU(ADANSY)
2590 sl liios I gyl ) wdlize sla ol
29 Cen) oSy st alilefl gl by,
S ecnlpl Bl oo g Bblie lp pogate e


mailto:m.danesh@sanru.ac.ir
http://dx.doi.org/10.61186/jwmr.14.27.38
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.4.1
http://jwmr.sanru.ac.ir/article-1-1181-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOR: 20.1001.1.22516174.1402.14.27.4.1 ]

[ DOI: 10.61186/jwmr.14.27.38 ]

¥

@3l 392y (UL b (Jpe Al ) (e srony
Sl e g adlhe 4 (YF) oS 4 Ft{ﬂ') a5 5y0b
Gy UNIR-PS il L omiancysloxe 55l b il
bl ] izl o ple slge coglite glyil b (slacsls
Bl om )5y (rw plond ST wlul p ailys
dowgie Jl oS o b1y cluw slial (PLS) B3 Slayye
SIS L () ohler 5 e o ST 2yl
S 9 Sp o gl Sy (UL rwib
o AMLR) " i &85 (05, L 5 (VNIRS)
SBocal d‘}?‘ O9Ted Sk dLm)‘:.p\)b: P (eSS
2B opaS B b sl gl il (ol o a5 sy
o9y 3l xSexte b TY) ol)Ken 5 S5 0009 )9l 4
dilate s polie wily ab o g oxiwcygbre
a8 g Moy Vo /Y gllas g /YAl o b
)I b.)lsb.wl l) c(\ﬂ"‘ﬂ\) ul)&o.b 9 9) ¢u~o:o.m J«.S .))91).3
sy ey Ay iy Siie g (bl o )
o s s 83 U 1y o yp3lis (SR) (5 sl

350 MY 0,8 RPD 5 +/0F 390> oo,y copd b
Sl <598 Cllae sluo y ind H18 dalllas g (puoss
o 31 oozl b St (sl adllao il aios
3 ik i 550 Ol izl ool e Sl 5 b,
Uil Al > bk (redb Jeily b)) 58
(egl¥B+=¥D++) obgSzge 9 S35 jodgdle —(Sye
oy b i yiolly s3lSsT 55 (VNIR/SWIR-PS)
ol 3 gybb i db iy UL (la by, Sl oS

W O]).&jjl,o

W sdg; 9 dlge
13 pdiged Sllas

G b SK glgl ) gline Loy oyzils gy
sl cladlaie wlis ;5 bdes a8 low jiehl conlio
4 (SB Clogad ) S8 5 £el) Nad e
a3y hujle Glil ise sl SB g paiges
o Epliyed 4 Gbcws (ly N o glre
Sl byl (48 S slp) Sl el
Lg ‘L)"L"'" L)"‘ » (Y'\) W) d)l.)).gd.ﬁyxﬁ OV alisee G.le)»
ool S (ol o) il ¥ 38 a8l
B il gy g dmoly Aak 5 2l gp)lS
SB o (g0 Blo Voo il dged WA sl T dolas
o] S cusdas 5 yglaer (plivl e sl i
cés L (Garmin Montana650) w> wl o bws
;ngL.wa DKM»)[A)] PN (\ Jg.w) W} (yo \cu.u).o)
O 3y 5 (gilwcSis lan s oS 0,8 558 Sldas
Crouad 105 ) Caomnd 90 4y diged y £ £ oo YU ]
Uogy il ool b ecdly gl slinl Cond s sl gl
A e ped Cuwd g (F) Mb 02 anass yiegyi
5 Jdbs lp ()b 5Bl il oKl
a8 Jite b (e o

los ihas duw g (olyhe a1 Aome

VY liasli g )l /T o)les [emdyles Jho jusol oo oo dolidiags

9 i b oy jasl (SBab s,
5 » (SAFSIDAFS) S Jise slayiall 4 by i
bio 055 5l 590 4 g auip o8 @ oSwl bl
Cgude Sbpole )3 ((ngh e plgie 4 oS Cunl Cann
Ol slie 5 b Glyin 5y9lcd cnl Oemen 235 o0
SibsSwbol cllee 0SB glayiahly (oxi)e
TS b OUjl e TVISNIR Lb3L 83500
s ozagl Yo JIFee Lab 30, (SSRC)
ot Gl (slagilly 6 o g ovg peha S
b3le «losls (PSD) Tl 58l gy 5 il ctugh,
£ 5 onl ke yman das S 5 (S5 Sl ]
SB sl clipl (VXA TVYY) Wb o o oy sla SIS
e 525 9 Y BNl p 13 55 5 (STellne RYS 4
JIS 51 (SOP) 2Ss Lib looguns y posiitace yokas
O > 2909 ub) yp S psb 4 (AVVY) Bl e
3ol Caw g Todldl S laaslg S glisl seusys @l
S 5l ANY) 5350 Bl ol Lade
NI S5 i gla)ks, 56 lagl JSS o el
JS5 by ) gde b OUjL @l 5 e ials
4 o)l (S SB et ls g céb gl 4 babss
Srbn 95 sblyS & Jlsen 5 Slo aw
QB3 s sl lbSE & Cons kb it
Iawy W) lpl>u| ul.am?u uul.w] » .(A‘\\‘) J.M»LL;o 8y
758 (9= S e (Priwygbre (plRialejl Cliyizs i
I (g B8 oy 9 w035 sl (VNIRS) S
0M) Cawl ouds @ly cuslio g ol «SB (glin]
g Syl zen 5 (YA) o)lSen g jpelo &Sspsboas
Aol Cawd rslio €55 b SB 8l il oy 4 'PS
UNIRS 555 (55 b (V) Sl 5 (SousSejia
ik cloylid g laonysy e ol BT sl s
5l il il 5 ol Ly cdllas 350 slaSS
Cosl 039 bl (5y3le dlgo (awlidpmej Lice 3o g @)
Sl Jl sxSere b dA) ohlea 5 i (1Y)
b (Bl o)y polie (et 4 (il (el
ul)l&w 9 93,«»)55 e W34 559 C)).)Lyo iculio )L.w)
lis (g i slioss S5 31 St b V)
ot yy) CRT S5l sl b 35 5 (S Slasye
<dd C.la.w 1; u.qu ‘_g‘)>| U’l"?u ey ‘(5)49 ua.Jo (_s""\>
Slupe glos 55y 15 (RE) Ll iy cawgie
4 oobiy] oy il caws 7/ VIY (RMSE) il
Sl 5 ess S laggesk 3Lyl g e
ool b asm aashyy ead QUL cads &by f(cdiw) il
O eou P e SBCl galS slagsedsk
(YA 2 oxe 2lgp 5 (2lad lagSw 5 (slolide
(%) ohlSer 5 Jlowl bwg osd pbsl ()n b

1- Soil spectral signatures and characteristics
4- Particle Size Distribution

8- Continuum Removal tech.

11- Prior to spectral analysis operations

2-Visible-Near Infrared
5- Soil Optical Properties
9 - Key-wavelengths establishment

12- Geographically disparate areas  13-Stratified randomized sampling method

3- Soil Spectral Reflectance Curve
6-Trapped light  7-Visible-NIR Proximal Sensing
10- Multiple Linear Regression method
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Figure 1. Information used for sampling; vector layers: A) contourline, B) pedqlog(}/, C) landuse and D) geolocation
of sampled points throughout the Mazandaran Province with defined GCS
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1- Spectralon standard white reference panel
4- Partial Least Squares Regression method

2- High-dimensional multi-collinearity
5- Symmetric kernel

3- Different spectral characteristics
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Figure 2. A) The SSRC of soil samples of Mazandaran province; B) 1st-D SG filter on some spectra; C) Spectral
mean centering operation
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Table 1. Statistical description of samples based on the ANOVA of silt contents

Ty o > aiel> Hhradl ] Lo sl

oSle  Sais Sl Cphy AgeS

Ccv Range SD Mode Mean  Average Kurtosis Skewness Max Min Variable
23.8 49 9.89 41* 43 41.62 -0.249 -0.248 65 16 o

*Multi-modal statistic with the minimum value

ol 5kl 5l L sy ol b (AYYONY) a8 Jse
a4 Bolay ol ladiges wogllas Jao dbul o ol
Mol (gl aiges VD« iy 1HAS paannd Caomngd
Sllos gl Wl 70 5 (omuly clles) oo
&9 3 Qlsebl (gl 4385 )15 oolisal 390 ¢ oxivw lis]
oseil 1 w)S 9 cal (o5 e 5 5 ladiged caslis
RSN RN DRI A W
JolS b 5 (S ol gl oS (V) b oolits] s
& ohwd gl sl 03 7Y ()15 pize s 45 04,54

ol 0ds S5 ol Jlade 95265 a5 (multi-modal) KB sy te cls

Sl )5 (o33 Jobo (Ll Oldos
5 2 Ul TS yegeS iz slasdgy (98 b
Fad gl dae L SB ab gleely b
on 3 & cul a3y JKa i gilese 5 Sl
Sy J)g)lf shby (S pole y PLS w;'g,”ﬂl Lm“j
5 sy ol B o ag cpl (IYVONT) 13k e
9 \cu_la.ﬁm.m X ghb saedls b Mo
a5 i S gla e Sl ] 5 a8 laosls
9 3Py e |y ol g esel (36l SB sl ie)l

1- Statistical distribution properties 2Multi-modal

3- Chemometrics
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1- Overprediction error
4- Hotelling T2 stat

5- Adjusted leverage

2Full-Leave-One-Out Cross validation technique

3- Autocorrelation/multi-collinearity errors
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Continued Figure 3. Model output: principal components analyses of PLSR, C) Cumulative descriptive variance of
silt on LV=7, D) Averaged descriptive variance of spectra on LV=7, E) Residual variance of silt on selective factors,
F) Residual variance of reflectance spectra on selective factors, G) Total explained variance (by number of

independent variables), H) Influence diagram by relationships between variances of dependent variable, independent

variable and adjusted leverage
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Continued Figure 3. Model output: principal components analyses of PLSR, 1) F-residuals of Hotelling test, J)
Hotelling stat’s (LV=4); K) Scoring of selected components for first, second and third factors, L) Scoring for fourth,

fifth and sixth factors, M) Diagram of calibrated silt predicting model based on predicted vs reference values
(LOOCV), N) Comparison of reference and estimated values in calibration set
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Continued Figure 3. Model output: principal components analyses of PLSR, O) Characterization of important spectral

bands in cali

calibrating regional model of silt based on b-coefficients, P) Spectral loading We:jg_hts (LV=4), Q) Simple b-
coefficients, R) Matrix diagram of relationships between b-coefficients, dependent and independent variables

(characterization of effective spectral bands in modeling process of silt prediction), S) Averaged squares of error by

LVs, T) the ratio between residuals and predicted values in silt calibrated model
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Continued Fi?ure 3. Model output: principal components analyses of PLSR, U) Residuals of variates by independent

variables, V

Residuals of variates by dependent variables (silt content), W) Leverage chart on samples, X) Matrix

chart on samples (dependent variables), independent variables and their residues
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Figure 4. Model output: The final silt predictive model based upon the samples of calibration subset: predicted vs

measured silt values with model specifications (LF=4)
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Figure 5. Model output: Validation of silt predicting model: A) predicted vs measured values, B) predicted values
with errors in standalone set, C) calculative leverages on validation samples (LV=4)
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Table 2. Model output: statistical characteristics of the validation of silt predicting model on standalone sample-set
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Figure 6. Correlogram of two-tailed Pearson coefficient between the active soil spectral constituent (the silt
parameter) and the reflected hyperspectral bands of samples in the study area
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Extended Abstract

Introduction and Objective: Silt is one the most important constituents of soil texture that
directly influence the soil erosion process and should take into account in many projects of soil
erosion management and conservation. The study of this fraction using the traditional and
prevalent lab methods, especially on large scales, is time-consuming, laborious and costly.
Today, this can be done in a quick and cost-effective method applying new high-techs such as
the spectroscopy technology. The present work intends to investigate the spectral behaviours of
the soil silt fraction using the reflectance spectroscopy technology in Mazandaran province.
Material and Methods: Accordingly, 128 soil samples were collected from 20 cm of soil
surface using the SRS method and auxiliary info-layers like as geology, pedology, landuse and
road map of Mazandaran province. First, the sample set was sub-divided into two subsets:
calibration and validation. Spectral signatures and domains specific to the silt components were
detected and specified utilizing the PLSR and Cross-Validation techniques, as well, the
hyperspectral pre-processing methods such as averaging, smoothing and 1% derivative
algorithms based on the Savitzky-Golay Algorithm were done.

Results: Modeling process was done based on the PLS technique to investigate the spectral
signatures and behaviours of silt constituents. The final model with 4 latent factors (LFs) was
calibrated with these specs: Rc: 0.55, RMSEc: 8.31 %, RPDc: 1.20 and RPIQc: 1.71 and was
eventually selected as the best model for studying the soil silt of Mazandaran province. Results
showed the model potentiality in prediction of soil silt of the study area, as well, the most
influential spectral domains and ranges were detected and recognized. The correlation
coefficients of silt contents with the influential spectral ranges and wavebands were also defined
as follows, UV-390 nm: 0.27, Vis-680 nm: 0.31, NIR-970 to 990 nm: 0.32, SWIR- 1400 to
1410 nm wavebands: 0.34, 1910-1930 nm: 0.38, 2200-2210 nm: 0.39, 2340-2350 nm: 0.41 and
finally, for 2430-2460 wavebands calculated as 0.43. The obtained spectral wavebands with the
highest correlation coefficients (R(CCmax)) indicate the high impact as the independent
predictor variables in the processes of soil silt modeling of Mazandaran province. Finally, the
capability of the proximal sensing of diffuse reflectance spectroscopy technology (VNIR-PS)
was demonstrated in the study of silt contents of Mazandaran province.

Conclusion: In this approach, the spectral ranges and bands affected by the silt components
were defined, in addition to the predictive modeling processes. That can be used as a basis for
studying silt contents at large scales applying the upscaling operation via airborne/satellite
hyperspectral data. Also, it indicates the importance of soil reflectance spectroscopy technology
as a fundament for detecting and recognizing the useful and effective spectral wavelengths as
well as creating the optimized model for the utilization by remotely sensed satellite data.
Moreover, the use of data with higher coefficient of variation and greater amplitude is highly
recommended to improve and boost the model preciseness so that, the PLS algorithm can
process better.

Keywords: Digital mapping, PLSR, Proximal soil sensing, Silt, Upscaling
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