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Article Info Abstract
Article type: Surface soil saturated hydraulic conductivity (Ks), as one of the most important physical
Research Article properties of soil, plays a key role in the distribution of water and nutrients within the

soil environment and holds particular significance in water and soil resource
management. This study aimed to digitally model Ks using machine learning approaches
in the Kilanah watershed, located in Kurdistan Province, covering an area of 12,000

Article history: hectares. Three machine learning algorithms, including Gradient Boosted Decision Tree
Received: 29 Jan. 2025 (XGBoost), Random Forest (RF), and k-Nearest Neighbors (k-NN), were utilized,
Revised: 14 Mar. 2025 incorporating various environmental variables derived from the digital elevation model
Accepted: 05 Apr. 2025 and Sentinel-2 satellite imagery. These variables included distance from the drainage
Published online: 23 Sept. 2025 channel, valley depth, relative slope position, channel base level, brightness index, wind

effect index, Normalized Difference Vegetation Index (NDVI), Band 12, greenness
index, and surface curvature. Additionally, soil parameters such as organic matter, lime
content, bulk density, geometric mean particle diameter, soil texture, and near-soil

Keywords: spectroscopic data (Latent Variable) within the wavelength range of 400—2450 nm were
Environmental variables, used as proxies for pedogenic factors to model saturated hydraulic conductivity. The
Machine learning, results indicated that the XGBoost model exhibited the highest accuracy for predicting
Spatial variability, Ks, with an R? value of 0.65 and an nRMSE of 0.25, outperforming the other models.
Soil sensing. Spectral data, topographic variables, and soil parameters, as model inputs, played a

significant role in predicting the spatial variability of Ks. The XGBoost model was able
to provide highly accurate predictions. The results demonstrated that topographic,
physical, and spectral variables influence Ks; organic matter, soil texture, and
topographic indices such as slope and relative position had the most substantial impact.
The generated maps can be utilized for water and soil resource management and
hydrological models.

Cite this article: Parsaie, F., Farrokhian Firouzi, A., Davari, M., Taghizadeh-Mehrjardi, R. (2025). Application of Near-Spectroscopy Data and
Environmental Variables in Mapping Saturated Hydraulic Conductivity of Soil in the Kilaneh Watershed, Kurdistan Province.
Journal of Range & Watershed Management, 78 (3), 323-340. DOI: http//doi.org/10.22059/jrwm.2025.389637.1801

© The Author(s). Publisher: University of Tehran Press



mailto:%20a.farrokhian@scu.ac.ir
mailto:a.farrokhian@scu.ac.ir
https://orcid.org/0000-0002-4955-1845

(#) VA 0595
PEPF-VVAO 1S9 58l LLb

1> a2l g @ijo oy i

S sl (Sdgyid Colad adds a4 hwome (o puitio § ST  Sewidab oodld > 0,8

Obwd,S bl WS 80l 0595 40

7532 o 03135 g, | T g y9l> dgrame | 1Y (G503 b 8wl |t ol

O lsal lsal o) yen A ol ¢ 5,5LiS 0SS (S skine g pole 09,5 )
a.farrokhian@scu.ac.ir :4.bL,
Lol i ol S o8l ¢(gjysliS 0aSLisly (S wdine 5 pole 05,5 .Y

el (S o Sing OBl (sSeIshregs S pole e pole 09, ¥

S Al Sleylo!
@3F 2 M (B SB (S35 G Sy e S S e a (K (e SB gl (Sgpam colia Wlis £5

Gan b imgh ol 2yl (glotg caenl S5 5 ol plie Capis ;5 5 135 o il S by ,d (chio dlge 5 O
WS 550 09 53 pile (630l (613, 5l odliiunl b xdaw SB glosl Sgysun colun 008, ¢5lo Jse
o) paoaas Ci 0 1ol cpiile (6380l o3 )sX s L0l pboo] JliSa Hli0 VY Coluwe b liws S liwl ) #8l
&l 3l 650,00 b (K-NN) (Sl won -k (3,005 Jso o (RF) dolay S (XGBoost) Lol 5 L os s
s Camdga 03 o bl pl U 5 alols Jolis Y= Jiiaw o,lgnle pglat 9 £lis)) 068, Jdo j (Jasmo (gla puiio
asLa Y Bl e alE g ol oas Jloy Lasli ol il jasls ¢ slide) Lasls wal )l JU 4l paw wed
@l jad wiin ke (gypll oguaske py> «Sal (I osle Jols S sl yiol )by g pdass (slioul ¢ s o
GlSB Jolge (Banles flgie 4y jiogil ¥o e =VFD g0 Job 0 S o5 oxiw cigb slaosly § S bl
9150 plp R2LKs i sl XGBoost Jio a5 sl L gols 8,5 1,8 sslatwl 550 Ks (g5l e (sly
Syl g (815555 (sl pite ¢ il slodly .dg 65V Coro )y o o ple 4 s +/VD ) nRMSE
ol il eslawl L XGBoOost Jie g 3l Ks (S0 (60 yudd iy 50 (oo LS ¢ Jdo (63959 (laicds S5
8 b g (Sopb o 3055 (slb e w3l oo Ko a5 ol plits gl amd &l)) 28> iw st cwilyi baodls
lraam il 1y w5l oyt it (e Cambge 5 cud dile 3 S 005 slams s g SB ol ( S oske i)l
o3l l 3,50 (Soielgyten slaie g S 5 Ol wlie o pte ) Wlg e Sl (6l 3,809, (0l elbidg

255 )18

gy dlie

ARATARVARI | FRE W PR
VYNYIVE 16,5550 &)U
AR IRAVAVERS IR P

VEE/V Y 5y Wl G, U

HEY S PRy
o (gl
e (slogsis

SEidin

nedle (£550L

SI9pd Colan Aid a0 e (b psie § S5 Srwcib (sbaodly 3,8 (VFF) dllzgy (o0 )2 pre 0305 B dgmume £gyol ol gig 8 S48 ailjyb ¢ Hlu)ly dlw!
XV (V) YA obimnl g wive 4t . lwd)S ol S jusul 0500 )3 S gl

DOI: http//doi.org/10.22059/jrwm.2025.389637.1801

ol oSty sl 1 s



mailto:a.farrokhian@scu.ac.ir
https://orcid.org/0000-0002-4955-1845

Yo et g byl /oo Spptits ol didl degs j0 oo (clbyiiio o GO P iwiido (loodd 34l

donio .
a503,8 eba |y o oy ool oyl il ey o 45 (5 5 pusd e g8 (lyy ity &S ol il b bt 1 S0 S
15le S Sgyed slo Sy s pSejlul (Niede & Benbi., 2022) 1 o oo botis¥T 5 o yslic sl 6,1k lgic
2> (35 Cuanl SB g O lilllas )3 ] (00595 5 13l 0 SB (S8 sla S cnete Il SB el (Sdgpin colan
Sl Lt Joos 5 (5l el 5 Of €8 gy CBlinSs sl 23 juolis (£)uaSS bl lalS Aty So85 g
756 55 S Soidsn 5 ol ) 2 b Shy ol i baye S (SOl 5 (S5 sla iy & (Sod (—iS2
e « IS b (Ottoni et al., 2025) 151>  Siwws JB (slaliad ¢ I slge (clgize ¢ Sdae cuS 5 alo olge 4y g 45,138 o
i S lgieds S adllae sl closmn sl slapusilSo g laanl 3 )l & casbg § (Senl ot S &S cuS
@SB obard o (Kb S Shy peime S0l Al o (ot Lo by) dxg diejls (b whe qite Ko g JolS
S g Sloj i 4 &5 Cldasie lagg)ls paigel g 031 Slise lalllas diejls b slaay o 5 (392 pole; i
Scuggl 5l (o 4 ddoagiie 5 @y i it Glagby) dwgs bl slaand )3 gy cplil 255 o0 Lasi e I STy
eSS )D (i ygd sl yogy 3l eslaiwl d Al (Ma et al., 2024) cowl o bas SB pole 0je> 10 ole sla jing) Lol
Nanni and ) ¢l 48,5 )1)3 arg5 3,90 03l5 Glje s 3S (2o Sl g ajo ol By cle 4 SB b Sy
0ab Byme 3)lS 5 g o3lainl 3)g0 (sla S0, 5l }0d (K NSB wiads 18] i ygd sl bg, p egde (Dematté, 2006
2Bzge Job oy w8 3 laisjee clnosy bsssty T b LulSal ola gie dns S weiub (Kubiak et al., 2024) ¢l
Iy 2ol slacudgisme 5| s law wilys 0 S il LolSsil sla ioue (Schneider and Young, 1997) aisb o asuie
09y Se b e 3,50g; 0 SB glaodls ol iulef] ) S (sla S5y 5 S0ill pgpe slagbyy Wy 15 ctiles Byl
0L oy, 5l (U slad cplple X35 oo (el (oo 9 CueB ]S (oliond Do LS g Al po Sy 3 e g 3 il
szge sk o SB b UL 5l eslawl (Babaeian et al., 2015) Lb o LialS aae5 BB jsbay )8 ez g (5,50l
Wy 2B tlofl ala by, ciSele plyieds (NIR) S35 5o )30ig0le 5 (ViS) (Syo i sloaiels 55 y20gl YO+« b YD oy
oS 5is it el TSB! g b alte S Lk olSl j1 e gyl 51 (Janik et al., 2009) Ly oo 03
3 oalaal cewl oas plosl 45T Lla jimgh 4 dagi b 0)S sl T ik Jlsl plg lge cos sais @l 90,5 sola ] S
&l (839y9 b yusie o Sriweads 1y tuled By |y (S Jsl mlg lacudgase | o)l Sl 0 S vwal
5o 6 S03I] 3kl gy Ko b g alspo Sy )3 (S g (sl g GBSy 4S Mt ST ik sloodls Lo
pasde 35 1y SB Gl (linl Wl oo o Bygole (il jogaz o (Priweinh (ol 1 ogMe (WAY (o San 5 (LiLL)
@ gasyie 2 (s pSoilll S L L) S (Sho Vel e glejed ©ygods o5 WS e w3 1) (6l cnl (6y9l8 cnl S
235 )Ml w5le) (S sl Shg 5l oybn a5 Wlodls lss daxte lalllas (Kim et al., 2014) 35 o5 0lSinlejl )
b 53 oSl asle e k) S lin 5 (g Sam ol k) Sl o selS os cafo k) plios 5 S5
U3k oad plosl slatmgly e i 3,905 b (oxivwiis (slasbg, Sl edlisial b (o)) G385 il b 1 (spSgle g ksl
Sl & 435 )15 15beos S osle liee g Cash ol cdl ablan S (la Sy | pdn SoS 4 S i

1 Soil Spectroscopy

2 Proximal spectral reflectance
3 Pedotransfer functions

4 Spectra pedotransfer functions



’f‘f{ﬁd)u:MﬂJMO)})%;)/))},?@/’}&3)& YYs

aS W00 5155 —dimgi 5 (Yeo)) oLlen 5 " Sils (Vairavan et al., 2024) 3,8 5,4l g o ) S cla Shy
Chang et ) At S oy jlade 4y bayye ogil YYeo=VFer 5 VA=V AV NP0 ol cladly o ols Glusgas
89y 2o sld s i b pl b e el OUsL Hlade 5 eud o S lawy (gyiidu jo «Olyd ojlul uls S5
.(Babaeian et al., 2015) Lo 0 ol b sla iouie

UP D Py yied) Miwd SB )0 dgng0 Ml b byl o a5 S5l Lo She cawl ool Lis calisee sl yimg} 5o
293 3 B0sdle el )3 (riiinls Lawgi (VL €8 b il o (el Cash prizman 5 S eldl ()10 s s 00
85 b il o dind b pe (J odke 5 i o ywy gmed) SB dels 50 4 a8 oo Shg cowl by ol e oy
il 0aiS Ty a8 dilo qealie (Jaore Jolse ).«.,b o ol (e b O3l (Minansy et al., 2008) Lg-5 39l (¢ 5V
5 b sl g S cud (b gl et i aile cewlio (sla i3l 5l edlaiwl b el o3 coplpliy 058 51,8 jalore (slaonyy
o3 SIS | aagdy Qo gl sl bl (ol ol G2l b s e ) ite Sl (il 5 o] (sl s
A Ll s y9e (sl jaste § SB Sy Shy 4 S (Gl Camlus L) ol zls

cbile g SeslS Ppls s b pH  Jl oo (S il aib) SB olie o Shg b Lab clo Sy o bls,l sy
g S ) 5 shol cadlye g )S) T pas oSl T S Slaye Sl (e )S) Wile (Al slais) (e pole
a5 LLs el a8)T 1,8 eoli_wl 3y90 ado cleMbl L 386 )3y Sle (650l pired 5 Jad ul 58 s
355 o)Ll CusungS g (Soliai S (sl Jie (grmen (pble (65650k sl oSl 4 (g poguad a3 by, )
oy 50 b Jde g5 cpl &5 WS o dlpiainy o Saing 3y (Sabetizadeh et al., 2021; Parsaie et al., 2021; Ng et al., 2021)
5 )8 yas O sgiias Gher bl iy flesd udle (6050b sl ol sl aslh 1) o Sles 1y ine Ailgi o
;Hengl et al., 2018) ladl, axwgs (DSM) 7S5 098y (6,13 pdnii 059 40 ole Calisco (sladine} ;> (cloan]sd jgbody cleMb]
PR baas Omile (653530 o sl sdes (g8 5l S, .(Mousavi et al., 2021 ;Minasny and Mcbratney, 2016
Velas)l osB) Jio lond 3ude sl yial)b b (slojlamle (slaosls 5l Jols 55 0ald dcgorme cplin ;5 dg2 90 (slaoSl o i
b il A (S B sl sasles &S aore (oS o i b WoalS S laisdy bosls oyl .ol (DEM)
5ol a6l a8 wiled S (5155 (YoVY) o)) Kan 9% joiie Lwly cpen )5 (Hengl et al., 2018 ;Padarian et al., 2020)
P (slel (05 slo gy 41 Cud a8 Wigas olasi b (55,5l (3] 0 SB sla Sy (s4nt 4 (sl (MLM) "o

e il e sl XGboost o 4 (g0 «SB (Slo 5 obor 558 sla S 252 sl MLM sla b, |
{Mousavi et al., 2022; Matinfar et al., 2021; Mahmoudzadeh et al., 2020; Nguyen et al., 2022) (SOC'’) S'& qu oS

! Chang

2PLSR

3NN

4PCR

SMLR

¢ Digital Soil Mapping

7 Digital Elevation Model

8 Mendes

9 Machine Learning Models
10°Soil Organic Carbon



AN et g byl /oo Spptits ol didl degs j0 oo (clbyiiio o GO P iwiido (loodd 34l

M3 9w Sy o (Rezaei et al., 2023; Masoudi et al., 2023) S el_il SJg)hn colia ly (RFY) ooy JKin Jso
3531y lp k-NN Jae g (Mousavi et al., 2021; Taghizadeh-Mehrjardi et al., 2021) S5 (¢ 935 35912 (¢ (SVR?) by
[(Parsaie et al., 2021; Gao et al., 2019) 5 S o,lil S olie yolie o (Y+V+) "o g oL aw SB cla She Sy

@ 5 Cwl ou b plonl il QUL Sl odlat ol b S ol o Sy (me55 diej 5 (gaxke o ing} (9 b
3935 b e o] b Olosgind g)b 5l SB S5 cla Shy dwiie (Jb ol b ol osel cawd a5 (sloaisS gl
SIgrden S 39l e 3 (oS Sllllas a5 amd o (LS 920 e yg50 )b Sl gyt Sliios 4 g Col g
Santra et al., 2009; Babaeian et al., 2015; Xu et al., 2017; Knotters et ) Cowl 48,5 &0 o (slaodly jl oolazwl L S
[(al., 2017; Dharumarajan et al., 2022

sl SB oy e stz ) (o 0205 slagte B )3 lag] (59, o 5 S Gilisie (gla Shg o Lalyy clis
2 o3 S joo s adgl ol ojlul @i g S il sile S cilag sl Sy ansS oo JEl @l |y olaJse i &
Oosterban and Homaee ) Jiloss oslitu] _ugby oo g glodlpd ¢ glodl ol colun wile SB  (Sdgylun slo Sy oS
o35 (VoY) hps,5i g (J9Sw .(and Farrokhian Firouzi, 2008; Xu et al., 2017; Nasta et al., 2021; Aguilera et al., 2022
155 S sl i (K5 slo S 5 el 0 cdyl G oyen o Sis F flis S 5 ] S o i S
wrg—ae py il L a5 ()b 4 s wro Sl (SR 93 6l pegatte p 2 g 28 9 B oIl iy eomen )l
Lol o o)li5 SB Sdgpame colia yiall Gldles Sy 0SB gl

ol asee slapite b il (slaosls S 5 Yol S (Sgyad 5 (Sojid sloShg 2L Sl (spdy s o &
€y Gl el ((SB sla Shy 355 9 Sloslanle 5 593 I omias (slaodls gyl 0098y Jio | gy (5 yi098590585 (S g
o yite 5 ink (sloodls oS 5 oS Wb S am (dmgfy (b (VoTY) phlKen 5 Tooljnl s b anls o Sy cnl 29l
95 cipe) cnl 13 0 plowl qlio 2 5950 b g lo L bl o ol 4l S T oole Jlaie 5500 Giljil el as
ot 0l a8l 015 oolitel B S sloShg 39 sl Lasoee (clo it g i (sloodls S 5 j1 ] 0 &S dmaly

o) ULt (o3l S e s ST L3l Sdgpion i s S8 Saz slog Sy o e
b e il 1) ouiS i sla Jie By axe 9 (suwiids slpodly cuS 5 LS mdg ol JLis 4 iegh
Sl Sy o5 13 G0 e gy (a9 1) i S Sl o] i 5 S50 6 o S Sy yien (sla Sy
olyon a5 alb og—asie p 2 () ol g5 Ale) At 5o S A2l ojlid @ g SRS a5 SIS I Bl
e a8 )3 54y glusl (Sdgpiun colam ool cdy il8l 0 Jaxe o srwwcads sbaodly

oyt | S el il (Sg)dm clin 00l it glode o & el odg ol g (I (hmgly (al )3 Ese0
sodly 51 g cpl )3 11 g ealawl \$3 )90y sl Jae oS islidl gl g i wcads slaosldy b olpen  Jae
Slgpiem Colim (So5d Sy gl p sl e sloyite Grizmen § K035 508090l — (S0 0y S 0SB irb el
W ool calisee (gl g8 L liwd S liwl jd #dlg S joul Ao 0 S g Ol by o pde Bua b S gl

' Random Forest

2 Support Vector Regression
3 Khaledian and Miller

4 Sabetizadeh


https://www.sciencedirect.com/science/article/pii/S0341816221006469#!

)f‘f{fﬁ)l@.&‘:&d&j)m0)}):&)/.’)},}@/’}&7)0 YYA

L gy golge .Y

w% é)* W“ " -‘_'

aibaie lgieds dbyd pdaw I yie VADD Eli) pSSle g U Jlia VY dgus  cnline b oyliwd S bl )3 gBly S jusol asgs
Ol Jlosh Cpa )d giiian ppad (gyoghS Fr 0 (V JS) pasuiie oldl s Glaise b adlaio pl () JSGS) aib obasl aslllas
D5 gl g SbunsS bl |y asgs cpl (w3l ] (1o)d AV/AY) [ VIVAQ/Y 5 sgis () JS) Cunl a8 S ,1,8 \luws S
Sl anl ol g nae i )b 5l o] 5l —isu & cowl dyite o)) Jols 150 (o) Y/VE) [l Yo£/YDF o dimd oo
@ lSa W lel 4,k VY (lo opl 5 biloas ooy jolassl lel ¢ ol cely; @ 5 j9mboas (ol 5l (S N9 oo
Al Yo (gylol 0y93 SO (b yio o 842 S5,b buvgio g 3,8 Sl dnyd Ve aillli pnSile (slod b adlate opl .oyl oliass]
Sy loss (canaibs ® Jgu 5l 5 T g i) 03 93 33 (YoVY) FSB oy LS, S o185 0] (caion, bl
SIS 550l asgs .l odd i dbbaio (glag ¢ SldgS Lo 4 odes Hobds wod Yo I i clacud § 455 B ol
Sl S pguis ol 003 JS5 Sigigie 9 Spjal (slooygd & byyye Siwwale g lo e o o Sl slowsilus ;1 bac
ol 0313 13 5T o ], dilate (555lg,0em 5 (6 ede (sulibie) sla Sid 5 (o

46°46'0°E 46°4T'3C"E 46°40'0"E 46°50°30"E 46°520"E 46°52330°E 46°55'0°E 46°56'30°E

o (I
A (¢ <L Sem
®
-\\ ¢ ‘},‘_“' -
\W & ”%%o.;‘_ =
% . . Omun Sea”
o X

\ (o
\ Sanandaj City

. Sampling points (150

Altitude (m)

> - High : 2695
—

3571230N 35°140°N 351SB0N I5°1TON 35°18'30°N 35°200°N

Low : 1467

T 383N 354B0N  351B0N 361730°N  35100N  35°2030°N

- — — lilOMElErS
01530 60 90 120

46°46'0°E 46°47°30°E 46°490°E 46°50°30°E 46°52'0°E 456°53'30°E 46°55'0°E 46°56'30°E

ol (slmo gl S (sladiga S @i 5 () Gliwn)S Gl 3 (©) Bl 98 & Comd S 5501 o> () Cnbse ) S

ol Sits Sl (glmole iy 5 S gl 555 g e 3l 328 Wlls () (l3ee o 39800 GBI sl 4 205 o) i)
)13 29y i Dy g oS slmoyed ol 3 g ol 3,5 o 42 VO U S o AUl 1 Silbe (slod o 395 o0 S Lol Lol 4 1S Syl sy T
3 Soil Science Society of America
S ) S el sl sl 55 Yoons 4 Giunds Joo5 b s slocS K 2 Jgus sguts] |
35 gy b 0 il b 3blin > el casiio slagil 9 b 52 S35 b sl soSTs  Jpu 1°



Tva et g byl /oo Spptits ol didl degs j0 oo (clbyiiio o GO P iwiido (loodd 34l

Lools ol o1 21 g dngi Y-V

boyie (35 aSo pl (555905 09y jl o8l Vo b+ Bos) (rdaw S ()l paiged LIS oo (3005 (62 cpioi ol 5
Cladiges () JSKB) w0,5 e Sl Cbcusdse il (gySopme b Slialie abd Y0+ Cuxdse .0 odlatwl(CLHS)

slad o5 ploxl (gl (io o 1BAS e (350 9 4 e yta e ¥ SISl jgus g g g 53 b (St 5l L 0036 yglen

Cond ladiges ) S glusl Sy colan (6pSojlul .cé) 8 4 SB srwiad Olllhe lp Sos jiso g el

. plool (Klute and Dirksen, 1986) (L8l jb b coliyl gy b g 03,950

S g b ok Y-Y
olSiulejl ) (FieldSpec ®3, ASD, FR, USA) iuoj yiogsdly5iSuml olKiwd jl odltwl b oy 3y90 SB (sladiges b UL
iodne ¥ SII 51 oS (Seits g 03,95 s S .5 5 93> eyshite ] gl b (6,505l L yde i oSl s S
» gl ab cla dote (w030 )8 e il K cwlis g yie b Ve Hh8 b id gy K pd g kb ol jgue
Otz by AL ) (ot o)l (gla by, Sl osliial L (2egl YO+ =Y+ ) Sle g S35 joy8y90le (Jye (sloaiel

..(Viscarra Rossel, 2008) 15,5 ¢l S digad o (gl )15

bty 45 agelygiSnl olSis & e Joo 1 ALl 53 2 RS3 e oolizal b lndigad ik sl i
Sl ik ViewSpec |8l 1 syeSorte b i 4055 €5 5 plosl Jlgto S OB gy igni 5 il (sle
Sy Jd 4 Bad 0p8d b bl 5 e Glahl ol e (ol AS dwlbre S Kge o (gl it
Ashd 0 g ok Bls acids olos jl modgaome oyl cpiogil YEOV-YDe+ o YO-—Fer clozgeJob ok o b (slo Suasl
b k) wsb) SB clacab ) dgnge (sla il Gls (gly ¢ pien (Gomez et al., 2008) 15,55 sdlitwl (¢3lo Jte
s Parles 815 by oyt cilisie sl sigy 51 daols S (5l 5 (1o csiboJloy 5 (s (53l s dnal
oy ;1 550 odlaiwl gt 5 ()5 Jolos Bl ¢ ado (slaodly o3y i | Lol Gus udb eolatwl ab slaodly g9y 4 VY
A dale yld Jold B3l ot sty gl @l Gy n s Jlite (mliel Gy (el 2 g resS S
olyon Jol 3o (MSC)® a5 ki sanisy gusuas (SNV) 45,5kl Jloy puito & 1Sl olisl o (g5l Jlo s & (¢M— S 505l
lodls (315t sl Gy Gt «aled 53 853 Jlosl Y= (Sl L8 L olien g st 57 (MS - (Siusle sl L
b alas 3y50 (SlacSls ol i 5xSika ¥ IS5 55 )5 ] (o Ssha 78 L olyen gl 35e S ik
ol 005 1)) 2ol Fe e mVFe v 6,28 Sl crge Jsb pp 5 b Sl ppolie

odls 5l Jao pl g 5o WY/ Sl cds b glas)l g8y S Jolis a5 wii odlatwl alisee Jae (sl psio jl caalllas oyl )
Jae 5l 31,5 0155 (sl punie Liwly Cped 50 05 gl el (WGS84) oLdl s claisws i 53 ALOS PALSAR (2011) o)lsals

! Median Filter

2 Savitzsky-Golay filter (SGD)

3 Normalization in range <-1, >1

4 Standard Normal Variate transformation

5 Multiplicative Scatter Correction

¢ First Derivative + Savitzky-Golay Filter

7 Second Derivative + Savitzky-Golay Filter



)f‘f{fﬁ)l@.&‘:&d&j)m0)}):&)/.’)},}@/’}&7)0 Y.

D153 sl Vo) Jlo o0 g yo0 50 ldye slaole (gly cidgs duoyd A 5l ieS gyl gy (glyld &SV Jiinn

A
EEEESEERS

B3k pB sla i (S0le .Y SIS0

Losld a5 gozo H—Y
&S clasgSa dapl 5,Slae ol sl duoyd Yo g o oo i5g0] (slp duoyd Av 1105 annlil 50 93 4 Bolal &gy modld
e Sl U 5l oy b dle 63650k s Jie 3 (Jare (sl juite (i Cumnl 295 ]S Jao €83 Lo (S
A plosl asye Ve g plS Ve 5,00, b o s il AnT 8 @uls (o)l g cds Lil38l jglateds A5 o) caret duws ;| (varlmp)

o il F-Y

(Y+\a) \)’S ¥.).) ases R-Studio )lj8le 5 )5 xgbTree 4 caret Random Forest aass glbdiuw jl oslaiwl b (XGBoost)
Silwdde o5 ol S5 (LS W8S )18 ool 3)90 SB gLl (Sgpa colin Se mjs e Gy g 0add (eagiS
929§} Ltzi) arme (sl planl 2 1y (g3l Je (Jgla)Sag; 3 0 plol gyl 93 50 S ledl (Sgytem Cylan
SB e She g SOop (omiaw cad cbodly b ol yer sabobsl aore (gla pxio (ped 3,09y 53 9 «8)S & ygun (S ae0
VAWV LV

BJwo 8 s by 1YY
23,5 o0liel (NRMSE) 015 Lo (sl lasyo (3u5iln 4 g (MAE) Ui 3llae )38 (polie

- |L _OV Vo
RMSE nZ(g 0,) () das

1 Core


http://bnkiani.blogfa.com/post/20

Y et g byl /oo Spptits ol didl degs j0 oo (clbyiiio o GO P iwiido (loodd 34l

(¥ i
I’IRMSE = T (\“ ‘da’l)

1 n
MAE =— E P -0, aby
n izl( i 1) (“c .‘)

o9 R sbasl .Y

SaboT Juokxi g 4 323 A Y

Jold Joao cpl sl 0a 03] (V) Jodo 1> S L9035 10+ (sl (6 pta bl Vome Bos) glodl (Sgyiud Culad inogi ol
Colia 5:0ke OV Joio olal g Bl e Slhasd Copd g Sl (Jlis polie e gline Blpodl (1 SSke S 1 Sl
Y g el ¥ i a gl (g colia yiSlas g JBlas jolie cpioren il 4l ple il /+F gLl (Sg)im
o b glo e (o Slymsd 09)5 55 10)d V0 I jieS Sl cupd b e piie (ginabl plul el 4l o gl
L5380 58 0L Olyusi 09,5 10 Moy YO 5l i Slyusi co o b ol ki g dawgio Cilyusi 09,5 10 0o d YO U VD (o Ol puss
S5 Olyass s )1 J1E YU (6 0y poss (oMS 1 (Ks) glail (Sdgpam colia (gly alyoss o s (Wilding & Dress, 1983)
oW 2 Sl capd VL b Sdgpier cole Gl Gopo gindil (ol elel g cul gk 1 e jlne
.(Khosravani et al., 2023) 5,5 ;1,5 YL (g pd yuss

(0=10+) SB lud) (Sgynn ol rog jlol Y Jos

(£) Slysds oy Jme Sl e oSke Sl Sl ) SE sl Sy
-Ivy ooy of-¥ ofe¥ AN ofeyxyY cm/s (Ks)elus! (SJgyden colin

b Srodls § S SIAT g o (ygw i S ot p0 () 51 9 Sk g 43 Y-
oSl zee Job y2 ) b QUL plie b S eldl (Sdgphen Colia G (1) Ggwrm (Staren cups ¥ USS
Sl oo b o gpSoilal S gldl (Sdgied ol Sty i S onl & a9 b ool o &) jiogll Fo V¥
gl (Sdgyien colim )l e (Siton (VL )15 3929 (Vb (Siaon (VIS-NIR) 0355 5o 3y9le=( S0 055 ) (b
(St Sl S & ool arg I 0l ontas i 4 ol Y JSK) 45 sanlio <NV oles Y55 g0 Jsb 3 3 S
20 SRy 9 S Colle (i e g Cute Sl Kiurod ilise Gllllas )3 w0figd )b (Slgyi colis p S
P 0w Saed o b Julod 5l ols gl (Espeby., 1990) cuwl o saalive (5,0l (ogas py g Jodss sl S
YEee U¥er slaggeJob 039z ;o ads QUL yolde g (Ks) S glail (Sgpn colia o bl a8 s o lis ¥ S
o Baes S pledl (Sgpan Colin anss 313 Cad Jole (i 4 glsion ) omb (Sinrod () el Cinsd T yrogil
U3 epgd g ol LB il B3k oy 3l g3l o )b )8 S5 (ST g b wdl wile (Su3d sla S b



’f"c;raju:MﬂJ[ﬁiﬁ0)})%;)/))},?@/’}&3)& Yy

Qb gl (Sdgpam colan a8 Jb jd sl dtunly  Saxe dlge 5 Cogb, ‘uﬂ oole wile  rdaw oluS 4 b SB &b
5,13 )ub s pSojlul 8y p Wilgs o i (slaodld )3 39350 155 5 (Jrme Lol pizmad ol badpo S Ldes Sluogad
b e Ll a8 & Sl oo (pdle 3650k e jl (S0 udgaze (nl 4 dagi L 09 (e (e Jial el

A8 S8 gl (Sdgyin colan g ads QUL oy

0.6
0.4
0.2

0
-0.2
-0.4
-0.6

S

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Wavelenght (nm)

il clagge Job 3 SB il bl polie L SB eldl (Sgiin Culin (i (gmpm ((Ssed ey VS

LT cuwd! g et awno b gt 1 —Y

o Vo b cpl 00,8 Obasl e Jolss g S mlio a4 bgyge jusio VW ( SeS jusio YO goazme 51V Joio bl 5
Jolis W yuiize cpl .505,5 OBl (RF-RFE) ™' i8S S5y Glo— dolas JSia" igy olul p daue Jolge 4 3late  SeS
PLC WE) yiol)ly i g Sentinel 2 o lsale (g5l (55 o j| Juols (NDVI Band 12 Brightness «Greenness) 2l ;o>
3 ] Cusnl g wlis) I8 155 wlol 56 (LaliSE Jhé wiis 1SSke g (ynll ogase py «Sal SB I ) (cdow
SB Jolss (g5luSB ol yquiSh Basles a5 w0 i ol F Jado (wlal i obasl bl Sdgpam coldn co i
blee ol 2 (1) GBS 95 9 (0)y9 51 Liowis sloosls Jl ool (Jare (sl yuiio @ Connd (5l oo < Sl3lh8 S5 1 (s)
Slasls (scorpan) oy 598l

Silwdowo & Shos F—V
ol 2 By gilaJsn ol goslis > 05 plol golis 9 3 (Ks) S gladl (Sdgynn cobin (ol siluae ¥ Jgoe 2
WAl oS 5 SB godly 5 ads glaodly b sabobsl asre (sl pxio ¢pgd gl j 48T Jls o i pbol e (gl yuxie
ol 05 gl gy )liw 93 2 P Ks Sy (¢l (K-NN g RF XGBoost) cypible (65530 Jdo dw 5,Slos

5 1OV L ply T R? Jlade a5 (ygb b ccasly (S5 Jio 93 4 Cams (g yia0 3,5dee RE Jio ¢ Jgl 2,0 p3 a8 3y o)Lis ol
5l edliwl s 45 pg3 g0, ;3 XGBoost e 3,Shes ( Jls opl b kdgs «/¥0 g +/+V b ply 55 4 nRMSE ¢ RMSE pslde
blg saad i pladl (isli8l /YD g +/+) /50 & i 5 4 NRMSE 4 RMSE R? j50lie 5 Cdb dgus (oS 55 (slaodly
9 ylmw 90y 0 > yeslw (g)ld L & K-NN o .l by b i S0 sl oo SleMbl jlodlawl o Juo opl YL

1 Random Forest-Recursive Feature Elimination



Y et g byl /oo Spptits ol didl degs j0 oo (clbyiiio o GO P iwiido (loodd 34l

aslllas 5yg0 dilaie S Sgpad Colin Sy i (gl odd Gl gla e ¥ Jgas

LoSB ,e516
& s sl Jbass] &
Ol 3o )
(GIEULTY Diffuse insulationsduicy iuli il Diffuse DEM
r-c wetness index _quwud yasld wetness DEM
Relative. Slope.Position RSP DEM
r Channel Network Distance 4.&:1).31 S b alold CHND DEM
r Valley depth (m)e,> gos VD DEM
Channel network base level
Wind.Effect
Plan curvature
. Normalized diff, vegetation indengiilﬁiﬁi NDVI RS
. N L Greenness RS
0-s gy yadls Brightness RS
S Wk B12 RS
Sal CCE SB(Soil)
LAt i wis Ske GMD SB(Soil)
sl pogaze p BD (g.cm-3) S(Soil)
(s) - Silt (%) S13(Soil)
SB s SOC (%) S(Soil)
o Sand (%) S15(Soil)
U Clay (%) S'&(Soil)
b glodls (Spectroscopy) Sl ol (Spectrometer)

Olesds 35 RF Jao .l 03ld &Iyl 1y 5 Slos oy yine (Jod pue sl Slolid culild 5 oy jbdlw JJs 4 XGBoost e

yoS Camolus 5 ool jidlo s 4 k-NN o il awlio gult pgd g1ylaw ouS 55 (sloodly ;3 05594 ¢598 3 )Sloe b Juto
Sb plis 1y o Slas oy plams (g gite (sbaodly 4
XGBo0st 43563 Y+ VY) o)) Son o) IS sii]j dalllan 13 ciges lgicdy S o ol |) XGBOOSE (655 55 sty lalllas

G ) eizmads bl (FNN) )65 g g 4S0d o )80l 4 o (5500 3,8os (Ks) Lol (Sdgpad Colin oy
30 RE Jao 5 (B yme R2=4/AVYY LS aigs Cagb)y do)d i i lp Jdo op o XGBoost (V+YVYF) o) Sen o7 J
(Ks) glil (Sdgyiud colin | 48> clad id gy (o)l pdiged 3,550, b olyon (RF) doloai JKin o5, (V+VY) o, Ko
293 g ylwo 0 Jawe sl jpusio L S g b glaosly oSy aS e o lid o opl ol woled o .cawl 03 @l S

1 Zeitfogel
2Li
3 Rezaei



’f‘f{ﬁd)u:MﬂJMO)})%;)/))},?@/’}&3)& Y'Y

e g dipy Olaglals Gld L Samy wile Jolos 4y 50 Jao 2 0 Slos .ol 031> dgupo 1y piile (60500 (sla Jio 5 Slos
.(Mosleh, 2016; Seppey, 2019) cuwl dtunly S0 (slagSl Slolis ;> syl

Ay ly SB gl S e 0 XGBoost ile didy iy cpiile (6,530 (sl Jio | oalat wl cuenl pu3] Slalllas
9 Sy5— le S sl Sho dwiw ;3 XGBoost Jdo a5 ol oLis (YeVY) o)Ken ¢ o)lj adllae ¢ Jlio loicds .ailos S
9 Random Forest dlosjl ,555 (sbd Joo 4y Cuud (6 yin0 3,Slos Sentinel-2 (glojlanls (slaodls jl odlai wl b o S Sl colus
(55N sy amd &l ols (%VF i R oYL cés b cadlys Jae opl .cowl aily Gradient Boosting Machine
ol Jols xiosis (clmodly 5l odliwl L (SOC) S I (p)S swiiu sy XGBoost o 3l (VY¥) ), Kan ¢ "l
5 el codly cuS a8 oy s Budsd Cpl gols L00,S ealaiwl 31,5565 (slaedly 4 Sentinel-2 4 Sentinel-1 (gl lgalo
odly £45 g S a8 A58 o AST aardly cpl .ol odls L)l Ao d YE BTy i <8 XGBoOst o (55,54
(25 5 lodly jleslatwl iyl e Sle (65650l (sl Jie 3)SNos 354 5> SIS B (S8 5 il slaodls 0394 (5395
Je sl aas li8l aogr JilE jeban |y e dilo (6050l sla Jue cdd wilg o ¢ SSo 5 (8 S 505 (b slaodly alos ]
lod,S &3l 8 mols S cla Sho Jw e ¢y Sentinel-2 g Sentinel-1 (glo,lgnle slnosly a5 sy Lis (Y VY) 7 s
Sstc 2 Vb CobsS L 939)5 sloodbd Glsisar (BSsi sla S 5 (b slagasls (8 (VYY) (e 5 a5 (psianen
ol (SLal,S Cogti ,59) g ddsio paewal syl oslaiw] XGBoost Jao (S (sblie 5l (S sles S 2Sb b Jae 5,Slas
(Zarei et al., 2021) &S (g3l Jde o (oLl |) B 5 (63959 (slbpuxio (po (Jad juf g 0y baslg)y D5l o 2B 1) Juo opl oS
SB gl She dwiie g et aodly g gl da Jue plw b duslis )> XGBoost &S couwl 0a i cel  Sig oy
s 5l ool 5 rcedin sbrodly oS 5 a5 At goudge (pl Sl ABL pl cpaezme jd . L 395l (g5 5 Sles
b o pie Slalllas 45 Klg5 o g 39l o walp S sla Sihg 58 i yin (Sl (X328 I3 XGBoost wiile (glass y iy
S gl 5 350 i S @l

SE bl (Sppa colia S aghn ore)lisl @l Y Jgse

nRMSE  MAE R? RMSE Oeile 5,55 (sla Je ol (6 ySo3lul sl ol by
AT o[-y -[o¥ [N XGBoost
-IY0 o[+ N /43 RF () spliw) (Ks)elatl (Sdgpaum colin
A o[ -[oyv /43 k-NN
AL o[-y <150 [N XGBoost
ALY A Y 4 3 RF (7 52l (Ks)elal (Sdgpaud colun
ALY A Y (41 3 k-NN

0S5 i Cuot! H—Y
o Caso] Ll oai 00y iolad ¥ S 0 S gl (Sdgyaed colia dwyia (gl 0ald oolaiw] (SeS glo o Cuonl
i 5 e ola ki (58 g W8l lise ;S5ky g oaud pbul Xgboost Jse Lawes 48 cul (gjludie auT )b 5l iso b e

1 Zarei
2 Wang
3 Hosseini
4 Mzid



Yo hlan g (layl /o Ko ydets Colin 4l dgd y0 aoxo (cloysio g GO Y riwcido (cloodld 04l

005 Jloys aslis WE) sl 31 (RSP) cusd (ouns Capnige (CHNBL) dnl il 48 by gl (6l pusice Al o ot (gl i
b ogasin oy (0C) S I 50 (Clay) oy dSi) a5 (LV) S ik Lk (NDVI) ol iy ol
prie N e ke (100 sty e 4 (CCE) sl Lty S (GMD) loailiS1s b i 8ol (BD) S
FAIYA (RSP) o gmd CumBgo puiito cpimads 31 L |y glusl  SJgydn colin &l s 51 Y /YA 3905 (PLC) plaws (gLl
s Lo )d SEIAN Sl sS udS ¢ ZA¥D 3905 (Bd) (6ol ogaste py> ol L |y gl SJgyin colin &l s |
0/% sx i Jloy wglis alS (ide el g Z8/V0 dga0 VY 1L b L ) SB elsl  Sdg)hn colan alyuss 51 Z45/AY
Sb plas 1y gl (Sgyan colie @l s 5l as o

o Sse Olysar GBS asi 5 Sl 5 S5 8ol Sy lodiely 3 (i wiib gloodly (S Ll slo Sk
SB a4y ai sl (SeS sl pusio ¢ S ysbdy a b Al b adlllas 3)g0 ddlaio ;3 Bun (sbayusie i lp (oS sl yusio
FSE e Jsad Jolos 5l 5%0> (o plgiet (S5 ngr sbayiel)ly izman g 1555 Ban (slajusie b & (oYL (Siaor s
.(Mousavi et al., 2022) 59 o odliiw! S 098, gyl paids (olp (a8 lrodiiS o o oy yiege

(Ks)

plancurvatire

RSP
S Bd
;c_.;: CCE |—
S BI2
= NDVI
b= vV
“E’ WE |—
© CHNBL |
é CHN\D |ee—
M Greeness

OC |m—

Velloy [mmm—
Biightress s

Clay

0 5 10 15 20 25

Importance (%)

Plan ) gdaus (sliowl) s 4 YU 5l s 42 XgDOOSE Jao bl 2 SB Ll (Sgyaem Colin (aa sty sl (SoS (slo it d ol F YK
bMJLo)J u5l.aa @L:f b ua>Lm ‘(BIZ) Wk ‘(Sllt) K.A.L.M} ‘(CCE) u‘.u)s W.:.ulf s(Bd) Lg)AUo ey py> ‘(RSP) G s pu.-ﬁ}a ‘(curvature
wl ) 655 b alols (GMD) &5 b i Sk (CHNBL) anl ] aS sy o (WE) sy 51 (ol (V) S S5 omios i (claodls (NDVI)
(Clay) o, Ao, (Brightness) slusg, jasls (VD) oy s (OC) JI ()8 (Greeness) (S asls (CHND)

0 0 sk F—F
sl 0345 39l (XGB00st) (L3]S b 00ubica 985 aenad )3 Jdo by a5 (Ks) SB glail (S, colan Sl ol puss
ol oas Ol pile (635b (slabgy pl b awlie 3 ol YL 8 s 4 Jse ol vl oas o3y iales & JSCo 5
YV o/ee8 o lodgize 43 g ol (298 B Olyuss glyld ddlllas 390 ddlais j3 Ks ydlis 29 0 sdaliio &S jobo jlan

ol puite a3l jie b
a (Al cpl 2gd o sdmlive Cuwd ol dcuid b cudeS Bblo )0 ((ybsy 9 65 juw ‘uj Sy 0354000) K oo oy yidis



VEF o o)los cuiian g ol 0,93 o5 )l3i50] g 2 s \AYz

oS o515k syt il ol 3bolio cpl S Ygans 5 08 o a0y 1y (i O o35 055 ol BSus8 Lulyd >
M55 o o8 A5l 50358 (55,58 SnC b ol S $blis il 3 crizrad 35 o oal)d 1y £V i oS o
WS dgu |y S (Spb byl

Sllgy ud cablio cpl )3 Dgd 0 saalin adi o bl § CandYl slacud ;5 (3); 5 (26,0 SU) 039050) Ks pdlis (p yieS
oS 18l oo Folia 5 oS5 5 3acnS BS S5y Sl ol o) e ol oS 5o (6 igdgis e 5 i o
oS Slul glacdld (K03 b (65)gltS sl comsliol (BS 9095 > 0 QAT (2l ol )l )18 (ot Glaliw b (15 pme 5
23l (b gl b e Jolis ol (S0 o] I (68 5 g o 00litl

B8 (Wetness Index) s (asli g gyl ccuad aile ol yadlis 5,k 5IKs SSe @jei (88 ae5 5l cpl pogdMe
(S S o ol 3 SB > T S8 5 (6K (sl (g icaslio byl b SV it (a3l L oS bl sl (s
(Sinai et al.,1981) 1L o alS Sdgpun colin wibl o 551 Gamw o by a5 cudy bl 4

S &5 ol 5 9bion o3 BEL L (5 () 5 Ygans eyl 1) Ks palie (s 85 iblin eimej (s)l8 slae
Ks polie oy yieS ¢ blao )0 amd (iol38l ) (6003085 500l (tals |y SB (S5 o SB aips Copio 5 (Sjpoud )b 5l Slg oo
2 S (S5l Sl ol 335 b ol Wb &, 45 3550 anlito gilho b o (s b gl 3 st
.(Archer and Smith, 1972) Cuul sslue yiS l.mO]

s A5 5le s (slo st (S i 5 o by (ol wli 3 355 VL Ul > &4 XGBoost Jus
i 3D 8yt Oylas XGBoost a8 cowl oald i calises cilalllas jd Jao opl jl eslaiwl o Qb S sl S
(S as sla Sy Jols Jaoce slaosly S5 (Zarei et al., 2021; Wang et al., 2024) 5, Ks alos | (S sl Siig
sl yadlis 5l eoliinl 03 94) ol 00 guls €85 a5 LB dgup0 90 XGBOOSE Jio 1> b (slaodld 5 59 i iz glaodls
98 Mg (YL CB LK S 595 4l a5 Al el Juo cnl 0 S (058 s Sy g ot L by

b TR

o s
e M
o ~

B,
g‘f" o T
A ':
Ks i
m— High : 0.137
L |

WL Low : 0.006 A

L
S

o mmm Kilometers
051 2 3 4

XGBoost Jae jl oslizwl b Ks Sl @i 0 JSud



YV hlan g (layl /o Ko ydets Colin 4l dgd y0 aoxo (cloysio g GO Y riwcido (cloodld 04l

Cundad pus 9597 9 Y-V
Ol ey opl gl b obsyl gdus A pw i dlols el y bootstrapping sy jl ealitwl b 0dud oS Cusked pic adds
Yo 515 S 10 dgn 00 guls olul jo.04u oo oanlie dalllas )50 dilais (¢3S 10 (sla yiou jd Cushad pic maw J8ls a0l
oS glayiie (Vb (Siwron 5 (Fhialio LB yiie o515 @ plgi 0 allaie <3850 (250 cnl > Sl pas Gl (92 ol
Oen ¢ ' hg b B 5l cpdisre L (sladygliws b zols opl a8 codls b e ooliuwl 5y90 pisle (65l slo Jso b
50 SB gla She plaw (gl oalS b i Jdo Cuslad pas p Slaalie 0ol (815 50 5 pue oS Cwl bwlpon (YoTY)
Egd90 (pl 22)5 o vnliie Cuslad piae 5l 6 5YL polde ddlaio 0y g Jlesd (S5 )0 (K) glasl (Sdgyip colin )l callas
42l cpl ) (latels cuds g S8l by oo 1 Jolid) (159258 Sl 55 9 (o)l gusy baalpd (Szmn o 4 o oy o0 i &,
el oS 5)l55 818 e 58 Saso b sle jo (Lalitha et al., 2021) b wg ol e dalllas )3 5 oo opl &5 0k
Rezaee et al,, ) 5, S SJgyin slo Sig cuslad pac pesd o a8 SYL cd> JJs asbootstrapping yogy ¢ IS sboas

e Kilometers
05 2 3 4

bootstrapping s, jl eslizwl L RF Jue lawg S S 5 (So5 sla Shg & bgrye 47 i alold & JSWS

S g ony . F

Jao o o2l by Ke) gldl (Sgyien Colin alos 31 S (clo S g oy (Ko Slygeis (yyp i b 3585 5
oS oy L b e s ylsel gl i plool lews S bl ;> WS 1ol 09> 40 (k-NN g RF XGBoost) yile (6,530
2 29 s 2Slos (590 3l Liomiw g (8S 585 « 05 omiw cads slaodly (S gla S 50) V50 )i ;5 XGBoost Jue
il (Ks) gledl (Sdgyden culin dnieg

1 Baltensweiler



VEF o o)los cuiian g ol 0,93 o5 )l3i50] g 2 s TYA

J s (Byme SB gl (Sgyien Colin (Shy (dnoie 2 Fhe Jelos npiere plgis LV o3 (i b a3l
Aty 1) 86 cp b B0 (o Shy daShy ol ol
elesl (Sdgpi colan o i 50 ead edlaiwl gla Jae slazel coblB 4 céy ,\»b A S (A Caslad pas Julou

gLl (Sdgyien colan (S5g oxSoll dusmy g poles cunle Jdo 4 &8 amd o Lt addllas (] ¢SS jebay )5 S8 S
oo ViSNIR (glacisb 385355 (cloosls 51 oo 5 bled ppo) oy 3 o] 6Vl Sl s yimod S
oSk ol st S04l 9 b5yl slp Wlgie ST (slaodls 9 VU Sl z9dg b aoe (sl usio cilo 6150k
Blie At Co e 53 oo s g ol559luiS” 4 Wlgi o aids pl S 1,8 ealatwl Dyge oyl oy > WS sul 0je 0 S

S S (655l SV pazme (690500 GIB 5 el ole] sl bl

&SI 35 ool
gz 313,1,8) B cul 4l (eli S Slgal (e dup—d oK ily (o dmgfy Cuigles ojg> 5l allde (] Sy
S e 13,08 5 S35 (SCU.AS1.1401,97

References

Aguilera, H., Guardiola-Albert, G., Merino, L. M., Baquedano, C., Diaz-Losada, E., Ardila, P. A. R., & Valsero, J. D. (2022). Building
inexpensive topsoil saturated hydraulic conductivity maps for land planning based on machine learning and geostatistics. Catena,
208(2), 105788. https://doi.org/10.1016/j.catena.2021.105788.

Babaeian, E., Homaee, M., Vereecken, H., Montzka, C., Norouzi, A. A., & van Genuchten, M. T. (2015). A comparative study of
multiple approaches for predicting the soil-water retention curve: hyperspectral information vs. basic soil properties. Soil Science
Society of America Journal, 79, 1043-8501. https://doi.org/10.2136/sss2j2014.09.0355.

Baltensweiler, A., Walthert, L., Hanewinkel, M., Zimmermann, S., & Nussbaum, M. (2021). Machine learning based soil maps for a
wide range of soil properties for the forested area of Switzerland. Geoderma Regional, 27, e00437.
https://doi.org/10.1016/j.geodrs.2021.e00437.

Banaie, M. H. (1998). Soil moisture and temperature regimes map of Iran. Soil and Water Research Institute. Ministry of Agriculture,
Tehran, Iran, 1sheet. (In Persian).

Cheng, Y. Y., Gao, X. G, Liu, T. H., Li, L. X, Du, W., Hamad, A., & Wang, J. P. (2022). Effect of water content on strength of alluvial
silt in The Lower Yellow River. Water, 14(20), 3231. https://doi.org/10.3390/w14203231.

Dharumarajan, S., Lalitha, M., Gomez, C., Vasundhara, R., Kalaiselvi, B., & Hegde, R. (2022). Prediction of soil hydraulic properties
using VIS-NIR spectral data in semiarid region of Northern Karnataka Plateau. Geoderma Regional, 28. e00475.
https://doi.org/10.1016/j.geodrs.2021.e00475.

Dematté, J., Sousa, A. A., Alves, M. C., Nanni, M. R., Fiorio, P. R., & Campos, R. C. (2008). Determining soil water status and other
soil characteristics by spectral proximal sensing. Geoderma, 135, 179-195. https://doi.org/10.1016/j.geoderma.2005.12.002.

Espeby, B. (1990). An analysis of saturated hydraulic conductivity in a forested glacial till slope. Soil Science, 150(2), 485-494.

Farasati, M., Seyedian, M., & Fathaabadi, A. (2024). Predicting soil hydraulic conductivity using random forest, SVM, and LSSVM
models. Natural Resource Modeling, 37(4), €12407.

Gao, X. S., Yi, X. I. A. O, Deng, L. J., Li, Q. Q., Wang, C. Q., Bing, L. 1., & Min, Z .E .N .G. (2019). Spatial variability of soil total
nitrogen, phosphorus and potassium in Renshou County of Sichuan Basin. China. Journal of Integrative Agriculture, 18(2), 279-289.
https://doi.org/10.1016/S2095-3119(18)62069-6.

Gomez, C., Philippe, L., & Guillaume, C. (2008). Continuum moval versus PLSR method for clay and calcium carbonate content
estimation from laboratory and airborne hyperspectral measurements. Geoderma. 148, 14148.
https://doi.org/10.1016/j.geoderma.2008.09.016.


https://www.sciencedirect.com/science/article/pii/S0341816221006469#!
https://www.sciencedirect.com/science/article/pii/S0341816221006469#!
https://www.sciencedirect.com/science/article/pii/S0341816221006469#!
https://www.sciencedirect.com/science/article/pii/S0341816221006469#!
https://www.sciencedirect.com/science/article/pii/S0341816221006469#!
https://www.sciencedirect.com/science/article/pii/S0341816221006469#!
https://www.sciencedirect.com/science/article/pii/S0341816221006469#!
https://doi.org/10.1016/j.catena.2021.105788
https://doi.org/10.1016/j.geodrs.2021.e00437
https://doi.org/10.1016/j.geodrs.2021.e00475
https://doi.org/10.1016/j.geoderma.2005.12.002

AR et g byl /oo Spptits ol didl degs j0 oo (clbyiiio o GO P iwiido (loodd 34l

Hengl, T., Nussbaum, M., Wright, M. N., & Heuvelink, G .B .M. (2018). Random forest as a generic framework for predictive
modeling of spatial and spatio-temporal variables. Peer.J, 6, €5518. https://doi.org/10.7287/peerj.preprints.26693v3.

Homaee, M. & Farrokhian Firouzi, A. (2008). Deriving point and parametric pedotransfer functions of some gypsiferous soils.
Australian Journal of Soil Research, 46,219-227. https://doi.org/10.1071/SR07161.

Hosseini, F. S., Seo, M. B., Razavi-Termeh, S. V., Sadeghi-Niaraki, A., Jamshidi, M., & Choi, S. M. (2023). Geospatial Artificial
Intelligence (GeoAl) and Satellite Imagery Fusion for Soil Physical Property Predicting. Sustainability, 15(19), 14125.

Janik, L. J., Merry, R. H. Forrester, S. T. Lanyon D. M. & Rawson, A. (2009). Rapid prediction of soil water retention using mid
infrared spectroscopy. Soil Science Society of America Journal, 71(2), 507-514. https://doi.org/10.2136/sss2j2005.0391.

Khosravani, P., Baghernejad, M., Moosavi, A. A. & Rezaei, M. (2023). Digital mapping and spatial modeling of some soil physical
and mechanical properties in a semi-arid region of Iran. Environmental Monitoring and Assessment, 195(11), 1367.
https://doi.org/10.1007/s10661-023-11980-6.

Kim, I., Pullanagari, R. R., Deurer, M., Singh, R., Huh, K. Y., & Clothier, B. E. (2014). The use of visible and near-infrared
spectroscopy for the analysis of soil water repellency. European Journal of Soil Science, 65, 360-368.
https://doi.org/10.1111/ejss.12138.

Klute, A. & Dirksen, C. (1986). Hydraulic Conductivity and Diffusivity: Laboratory Methods. In: Klute, A., Ed., Methods of Soil
Analysis. Part 1: Physical and Miner Alogical Methods, 2nd Edition, Agronomy Monograph No. 9, ASA, Madison, 687-734.
https://doi.org/10.2136/sssabookser5.1.2ed.c28.

Knotters, M., van Egmond, F. M., Bakker, G., Walvoort, D. J. J., & Brouwer, F. (2017). 4 selection of sensing techniques for mapping
soil hydraulic properties. Wageningen Environmental Research, part of Wageningen UR, Wageningen.

Kubiak, K., Spiralski, M., Pompeu, J., Levavasseur, V., & Wawer, R. (2024). Advances in remote sensing for monitoring soil conditions
in forest ecosystems: techniques, challenges, and applications. Transactions on Aerospace Research. 277(34), 1-13.
https://doi.org/10.2478/tar-2024-0019.

Lalitha, M., Dharumarajan, S., Suputhra, A., Kalaiselvi, B., Hegde, R., Reddy, R. S., & Dwivedi, B. S. (2021). Spatial prediction of soil
depth using environmental covariates by quantile regression forest model. Environmental Monitoring and Assessment, 193(10), 1-10.

Li, H., Zhang, J., Yang, X., Ye, M., Jiang, W., Gong, J. & Xu, Z. (2024). Bayesian optimization based extreme gradient boosting and
GPR time-frequency features for the recognition of moisture damage in asphalt pavement. Construction and Building Materials, 434,
136675. https://doi.org/10.1016/j.conbuildmat.2024.136675.

Ma, D., Zhang, C., Li, T., & Feng, H. (2024). Novel calibration method for fine soil electrical resistivity based on van der Pauw
configuration. Measurement Science and Technology, 36(1), 017007. https://doi.org/10.1088/1361-6501/ad9626.

Mahmoudzadeh, H., Matinfar, H. R., Taghizadeh-Mehrjardi, R., & Kerry, R. (2020). Spatial prediction of soil organic carbon using
machine learning techniques in western Iran. Geoderma Regional, 21, €00260. https://doi.org/10.1016/j.geodrs.2020.e00260.

Mendes, W. D. S., Dematté, J. A. M., Barros, A. S .E., Salazar, D. F. U., & Amorim, M. T. A. (2020). Geostatistics or machine learning
for mapping soil attributes and agricultural practices. Revista Ceres, 67(4), 330-336. https://doi.org/10.1590/0034-737X202067040010.

Minasny, B., & McBratney, A. B. (2016). Digital soil mapping: A brief history and some lessons. Geoderma, 264, 301-311.
https://doi.org/10.1016/j.geoderma.2015.07.017.

Mousavi, S. R., Sarmadian, F., & Omid, M. (2022). Three-dimensional mapping of soil organic carbon using soil and environmental
covariates in an arid and semi-arid region of Iran, Measurement. 201(13):111706. https://doi.org/10.1016/j.measurement.2022.111706.

Mousavi, S. R., Sarmadian, F., Omid, M., & Bogaert, P. (2021). Digital Modeling of Three-Dimensional Soil Salinity Variation Using
Machine Learning Algorithms in Arid and Semi-Arid lands of Qazvin Plain. Iranian Journal of Soil and Water Research, 52(7), 1915-
1929. https://doi.org/10.22059/ijswr.2021.323030.668957. (In Persian).

Mzid, N., Castaldi, F., Tolomio, M., Pascucci, S., Casa, R., & Pignatti, S. (2022). Evaluation of agricultural bare soil properties retrieval
from Landsat 8, Sentinel-2 and PRISMA satellite data. Remote Sensing, 14(3), 714. https://doi.org/10.3390/rs14030714.

Nanni, M. R., & Dematté, J. A. M. (2006). Spectral reflectance methodology in comparison to traditional soil analysis. Soil Science
Society of America Journal, 70(2), 393-407. https://doi.org/10.2136/sss2j2003.0285.

Nasta P. & Szabd, B. (2021). Evaluation of pedotransfer functions for predicting soil hydraulic properties: A voyage from regional to
field scales across Europe. Journal of Hydrology: Regional Studies. 37:100903.

Nazari, R., Ramezani Etedali, H., Nazari, B., & Collins, B. (2020). The impact of climate variability on water footprint components of
rainfed wheat and barley in the Qazvin province of Iran. Irrigation and Drainage, 69(4), 826-843. https://doi.org/10.1002/ird.2487.


https://doi.org/10.1071/SR07161
https://doi.org/10.1111/ejss.12138
https://doi.org/10.2136/sssabookser5.1.2ed.c28
https://doi.org/10.2478/tar-2024-0019
http://dx.doi.org/10.1088/1361-6501/ad9626
https://www.sciencedirect.com/journal/geoderma
https://www.sciencedirect.com/journal/geoderma/vol/264/part/PB
https://doi.org/10.3390/rs14030714
https://doi.org/10.2136/sssaj2003.0285
https://www.sciencedirect.com/science/article/pii/S2214581821001324#!
https://www.sciencedirect.com/science/article/pii/S2214581821001324#!
https://www.sciencedirect.com/science/article/pii/S2214581821001324#!
https://www.sciencedirect.com/science/journal/22145818

’f"c;ra/’u:mi_’m0)})%;)/)):.,?@/’}&;}0 Y¥-.

Nguyen, T.T, (2021). Predicting agricultural soil carbon using machine learning. Nature Reviews Earth & Environment, 2(12), 825-
825. https://doi.org/10.1038/s43017-021-00243-y.

Ng, W., Minasny, B., Mendes, W.D.S., Dematt’e, J. A. M. (2020). The influence of training sample size on the accuracy of deep
learning models for the prediction of soil properties with near-infrared spectroscopy data. Soil, 6, 565-578.

Niede, R., & Benbi, D. K. (2022). Integrated review of the nexus between toxic elements in the environment and human health. 4AIMS
Public Health, 9(4), 758. https://doi.org/10.3934/publichealth.2022052.

Ottoni, M. V., Teixeira, W. G., Reis, A. M. H. D., Pimentel, L. G., Souza, L. R., Albuquerque, J. A, ... & Curi, N. (2025). Saturated
hydraulic conductivity and steady-state infiltration rate database for Brazilian soils. Revista Brasileira de Ciéncia do Solo, 49,
€0240003. https://doi.org/10.36783/18069657rbcs20240003.

Padarian, J., Minasny, B., & McBratney, A. B. (2020). Machine learning and soil sciences: a review aided by machine learning tools.
Soil, 6(1), 35-52. https://doi.org/10.5194/s0il-6-35-2020, 2020.

Péaez-Bimos, S., Molina, A., Calispa, M., Delmelle, P., Lahuatte, B., Villacis, M., ... & Vanacker, V. (2023). Soil-vegetation—water
interactions controlling solute flow and chemical weathering in volcanic ash soils of the high Andes. Hydrology and Earth System
Sciences, 27(7), 1507-1529.

Parsaie, F., Farrokhian Firouzi, A., Mousavi, S. R., Rahmani, A., Sedri, M. H., & Homaee, M. (2021). Large-scale digital mapping of
topsoil total nitrogen using machine learning models and associated uncertainty map. Environmental Monitoring and Assessment, 193,
1-15. https://doi.org/10.1007/s10661-021-08947-w.

Rahmani, A., Sarmadian, F., & Arefi, H. (2022). Digital mapping of surface soil thickness and its associated uncertainty using machine
learning approach in a part of arid and semi-arid lands of Qazvin Plain. [ranian Journal of Soil and Water Research, 53(3), 585-602.
10.22059/ijswr.2022.338007.669195. (In Persian).

Rezaei, M., Mousavi, S. R., Rahmani, A., Zeraatpisheh, M., Rahmati, M., Pakparvar, M. & Cornelis, W. (2023). Incorporating machine
learning models and remote sensing to assess the spatial distribution of saturated hydraulic conductivity in a light-textured soil.
Computers and Electronics in Agriculture, 209, 107821. https://doi.org/10.1016/j.compag.2023.107821.

Sabetizade, M., Gorji, M., Roudier, P., & Zolfaghari, A. A. (2021). Combination of MIR spectroscopy and environmental covariates
to predict soil organic carbon in a semi-arid region. Catena, 196. 1-12. https://doi.org/10.1016/j.catena.2020.104844.

Santra, P., Sahoo, R. N., Das, B. S., Samal, R. N., Pattanaik, A. K., & Gupta, V. K. (2009). Estimation of soil hydraulic properties
using proximal spectral reflectance in visible, near-infrared, and shortwave-infrared (VIS-NIR-SWIR) region. Geoderma, 152(3-4),
338-349. https://doi.org/10.1016/j.geoderma.2009.07.001.

Schneider, W. E., & Young, R. (1997). Spectroradiometry methods. Handbook of Applied Photometry, ed. Casimer De Cusatis, 252.

Soil Survey Staff, (2022). Keys to soil Taxonomy. In: U.S. Department of Agriculture, Natural Resources Conservation Service,
thirteenth ed. 18-77. Washington, DC.

Taghizadeh-Mehrjardi, R., Minasny, B., Sarmadian, F., & Malone, B. P. (2014). Digital mapping of soil salinity in Ardakan region,
central Iran. Geoderma, 213, 15-28. https://doi.org/10.1016/j.geoderma.2013.07.020.

Viscarra Rossel, R .A .V. (2008). ParLeS: Software for chemometric analysis of spectroscopic data. Chemometrics and Intelligent
Laboratory Systems, 90, 72—83. https://doi.org/10.1016/j.chemolab.2007.06.006.

Wang, Z., Wu, W., & Liu, H. (2024). Spatial estimation of soil organic carbon content utilizing PlanetScope, Sentinel-2, and Sentinel-
1 data. Remote Sensing, 16(17), 3268. https://doi.org/10.3390/rs16173268.

Wilding, L. P., & Dress, L. R. (1983). In Application of geostatistics to spatial studies of soil. Eds. BB Trangmar, RS Yost and G
Uehara. Advances in Agr, 38. https://doi.org/10.1016/S0065-2113(08)60673-2.

Xu, C. Xu, X., Liu, M. Liu, W. Yang, J., Luo, W., Zhang, R., & Kiely, G. (2017). Enhancing pedotransfer functions (PTFs) using soil
spectral reflectance data for estimating saturated hydraulic conductivity in southwestern China. Catena, 158: 350-356.
https://doi.org/10.1016/j.catena.2017.07.014.

Zarei, A., Hasanlou, M., & Mahdianpari, M. (2021). A comparison of machine learning models for soil salinity estimation using multi-
spectral earth observation data. ISPRS annals of the photogrammetry, remote sensing and spatial information sciences, 3, 257-263.
https://doi.org/10.5194/isprs-annals-V-3-2021-257-2021.

Zeitfogel, H., Feigl, M., & Schulz, K. (2022). Soil information on a regional scale: Two machine learning based approaches for
predicting saturated hydraulic conductivity. Geoderma, 433, 116418. https://doi.org/10.1016/j.geoderma.2023.116418.


https://doi.org/10.3934/publichealth.2022052
https://doi.org/10.36783/18069657rbcs20240003
https://scholar.google.com/citations?user=U9HfTlEAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=iYEaUWgAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=0FnTDAsAAAAJ&hl=en&oi=sra
https://doi.org/10.22059/ijswr.2022.338007.669195
https://doi.org/10.1016/j.compag.2023.107821
https://doi.org/10.1016/j.catena.2020.104844
https://doi.org/10.1016/j.geoderma.2009.07.001
https://doi.org/10.1016/j.chemolab.2007.06.006
https://doi.org/10.3390/rs16173268
https://doi.org/10.1016/S0065-2113(08)60673-2
https://www.sciencedirect.com/science/article/abs/pii/S0341816217302473#!
https://www.sciencedirect.com/science/article/abs/pii/S0341816217302473#!
https://www.sciencedirect.com/science/article/abs/pii/S0341816217302473#!
https://www.sciencedirect.com/science/article/abs/pii/S0341816217302473#!
https://www.sciencedirect.com/science/article/abs/pii/S0341816217302473#!
https://www.sciencedirect.com/science/article/abs/pii/S0341816217302473#!
https://www.sciencedirect.com/science/article/abs/pii/S0341816217302473#!
https://www.sciencedirect.com/science/article/abs/pii/S0341816217302473#!
https://doi.org/10.1016/j.catena.2017.07.014

