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Abstract

Introduction: Knowledge of the spatial distribution of soil organic carbon (SOC) is a practical tool
for determining sustainable land management strategies. Estimating carbon content and stocks is
essential for carbon sequestration, greenhouse gas emissions and national carbon balance inventories.
Accurate mapping of SOC’s spatial distribution is a key assumption for soil resource management and
land use planning. Over the last two decades, the utilization of data mining approaches in the spatial
modeling of SOC using machine learning algorithms has gained considerable attention. The digital
environment requires continuous soil maps at local and regional scales; however, such information is
not always available at the necessary scale. Therefore, the digital soil mapping (DSM) approach is a
crucial solution for quantifying and assessing variations in soil properties such as SOC, using
remotely sensed indices and digital elevation model (DEM) as the most commonly used ancillary data
for SOC prediction. In this context, the data mining techniques serves as the pathway to create digital
soil maps. This study aims to compare two common machine learning algorithms, random forest and
multiple linear regression, in the digital mapping of surface SOC in Semirom County, Isfahan
Province. Digital maps of SOC using these two algorithms were created, and the most important
variables affecting the spatial distribution of SOC in the study area were reported.

Materials and Methods: A total of 200 surface soil samples (0-10 cm) were collected from the
Semirom area (51° 17' - 52° 3' E; 30° 42' - 31° 51" N) in Isfahan, Iran. According to the reports from
synoptic meteorological station, the annual average temperature ranged from 7.5 to 12.5 "C, and the
annual precipitation varied between 350 and 450 mm. The soil moisture and temperature regimes are
classified as Xeric and Mesic, respectively. Soil samping was conducted using the Global Positioning
System (GPS) at the surface layer (0-10 cm). The preparation of the soil samples involved air drying,
pounding and softening, followed by seiving through a 2 mm mesh. The amount of organic carbon in
the samples was determined using the Walkley-Black method. Additionally, in order to evaluate the
effect of other soil properties on the organic content of the soils, laboratory analyses were conducted,
including measurements of saturated soil moisture content, soil texture, soil pH in saturated pastes,
electrical conductivity of the soil saturation extracts and the calcium carbonate equivalent of the soils,
following standard laboratory protocols.

In this research, auxiliary variables including terrain parameters and vegetation indices were derived
from DEM and the Landsat 8 OLI satellite images using ArcMap version 10.4.10 and SAGAGIS
version 6.0.4. All auxiliary layers were then converted to raster format using the “raster” package and
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merged using the “Covstack” function. The values of all environmental covariates at each sampling
point were extracted into a single file using the “extract” function from the “sp” package in the
RStudio environment. Subsequently, using SPSS software version 19 and the principal component
analysis (PCA) method, the most important auxiliary covariates among the 29 variables used in this
research were identified for the modeling process. The dataset was then split into two groups;
calibration (80%) and validation (20%) subsets. Finally, SOC contents were predicted and mapped
using multiple linear regression (MLR) and random forest (RF) algorithms in the RStudio
environment. The MLR and RF algorithms were executed using the “Im” and ‘“randomForest”
packages, respectively. Five different statistics were utilized to evaluate the performance of each
model, including the coefficient of determination (R®), bias, root mean square error (RMSE),
normalized RMSE (nRMSE), and mean bias error (MBE).

Results and Discussion: Based on the descriptive analysis of the soil samples, the soils in the study
area were characterized as non-saline, alkaline, and calcareous. The SOC contents of the soils ranged
from 0.3 % to 2.2% with a mean value of 0.89%. The coefficient of variation for the SOC contents
was 21.7%, which classifies the soils of the study area as having moderate variability, according to the
values proposed by Wilding (1985). The results of the PCA indicated that the most important
auxiliary variables for the modeling process included slope aspect, channel network base level,
catchment slope, total curvature, height, longitudinal curvature, mass balance index, modified
catchment area, slope degree, slope length, topographic position index, vertical distance to the channel
network, soil adjusted vegetation index, transformed vegetation index, difference vegetation index,
ratio vegetation index, and general curvature.These variables explained 80% of the total variance in
the study area. A comparison of two different SOC prediction models, demonstrated that the RF
model (ntree = 1000 and mtry = 10) outperformed the MLR model, with R?, RMSE, nRMSE, and bias
values of 0.79, 0.12, 0.13, and 0.002 respectively. The five most important variables identified by the
RF algorithm for predicting SOC contents in the study area were the transformed vegetation index,
ratio vegetation index, soil adjusted vegetation index, and slope degree. The final map of surface SOC
distribution reveals that, although the RF algorithm provided better predictions than the MLR model,
it also resulted in overestimation and/or underestimation of the minimum and maximum values of
surface SOC contents, respectively.

Conclusion: The results of this study demonstrated that the RF regression algorithms outperformed
the MLR method, thanks to its ability to account for the nonlinear and complex relationships between
SOC content and environmental covariates.
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OAY

\Fov Ol:.a«.ﬂ) cfa)Lo.i v -U:- ((5)')}% ’,4..1.9 4.1») uf‘bJ s

L ) l

lgfxmgm)g.ﬁgbb'@hu@’l&)ég‘fw; @533 6;|oﬁﬁﬁ35$ijM

cyibo (6 5500 S g By 3T ool

FL;.L'J ubo-‘}vojib rlélfcwdb.o-.\:&wc‘dl.;:-) bl

O 3158l gl Ol par g o315 €635 5LEST 0dSTii5 (ST e kign 03,5 (73 e 25 -
Ol 51al ¢Slpal Ol pa g o815 ¢ (655558 0aSLiils ST pske pikiga 05 8 skl Y
Ol 318l gl Ol par g oS5 e pske 0S5 (GIS 5 55550 o 058 skl ¥

o>

.o

Yo aesmy 56

SNk ooliil & (gliwd 30 Fgo (A7 T JT (p " S @3¢ I (AT
=169y ot 3 cml OT 4o gt o (0 ho SBGSH gl cpmni § 211 3
o)) I IT 98 098 (510 gl § (Silu o Bua b axlllas
9 (SO K Ogm 575 S S9) 1 03l b p g Sl 1o (S 0 Hlo
4 (Pl B Hg0i Ve e aliie cnl .00 Pl o piie Wi (oS O 55
bl o 31 JlogaeS” 0 X gloglis” 0 (5518 yidiges Jolgd b g pliie 390
Sy — ATT9 (595 3 0Slial Ly Lo 905 (JT 097 Lo § MO 5 SIS
L diluie S &L 53 T o5 099y 488 (b 33 . (§ 50 31001
EWLN (0955 oo I okl ! il (Ko™ (Sl i 08”4 9 13230 SB9)
ol Sl .ad 48 RStUdiO 51391p 5 usee 38 A Cawctid 851gak y8la g
o Ol 39T 9 (Sl ol Ko wis yoN &7 ol OT 31 Sl adlltae
99 4 S + /¥R 9+ 1Y Jole R? g RMSE palio b i 5 4 <S> JT
LA s+ [0Y § +1AY Jole R? g RMSE b o pitecicr (s &3gu 57
= P (e Sl pkio p S 45 318 OISzl Lol 0310 411 (5 e
Ol ooliiw! 3350 S S 10 Sl ditaiw 30 &S JIT 98~ 363
gy ) 7 P Sl e lh Jolal Ko o 58 45 (Sl4g5 4y iy
20 S B ST 9 Sl o ey S Sgm 5Ty 58 9 (AU
P ELS (T 05 Sy 2 48 (g ol 310 JT (0 @39
Solai S K 59y L oud pLosl (GLa pwess 45 318 Gl Sl 4t
Ol G je St o phinniar (o Ogaw 55 (w90 b dwlio )3 4 57
B0 LT xtaw JT o9 0o dinias 9 4nes” 930 oot 33 Lol 0312

Sl 0394

VEOR/ B/ 1sl s

VPN e

(Sl Slals”
ipdlo (5 50k
(I (S piio
3 yCloc

o STy

C)LJL(,« Sls edge

Email: s.hojati@scu.ac.ir




OAA

...):‘_,,JT&!;@}SJ ‘_ngéj{M}‘_;jLaJmeb&«Aj@l:f

S5 55 (S i (Sl laelol ol
@5 J 5 Slawlows 53 Ol 5 ol 5 Sligony Gas 5
LYY 5Y1) 54

LLs 5 0ls L& (6f m (g3dmie (g 5lwd s sl 29,
35 G i 53 oS G Sy 5 ass sl e
L o 05 5 4 015 o e e 1313 5 g2y ST
o O B ladie s S o)l skt R 5 e
SIS la Sis pmads 5l S Sl ()T Jo &S
Sla it s oS (S o ot LLIIL (Soan
(o icn i o O g 85 gy 53 S gp e3linl ( SGST
b (a8 iin S 1 iy 5 O ke o ) Ol o0
LMl Jolde 53 ray ol o sed (L)l Olejen Do) g0
Q&M eWesls i 3959 93, oYU Covleo (o yal
g odal Cd 40 @L:;).s ;J}f lales 4 e Cl
g b e e By ol Sl eslenad gl ccnl oDl
LS (G o daly KT e sl als Jbe
.(v?)

AT s sl gy oSG sl Ko ﬁ)j@‘
SLa oy 03 s 1B b i 48 ol giledds
Joe dslas [ 025801 (Y)) ol 033 @l 5508 asl
aS ol 53 05 S 5 skudih Je I (Il dan g
Gl Olads g ) K68 sla e 5 Slaline glaesls
5 Jas (sla it 5 Gl ke gy DL 0357 o
2l 53 S e Gl 5SS (S (Sl et el
e r‘uﬁ‘dﬁ ISP I S I e 7
=S ot b i ol (T 5D e sl
(V) 3500 5 4 e S

LS ile il sblpe dawlsa bslas K B3,
dnosls 31 Syl 3 o (8l 035 ol BB ¢t st 5o Yl
o 3 5155 53 035 ol codotS (slmasls 35T
L g B S P g P PR R JPR
PYCANER DICSIW Pk - B PR S Y|
JRor Jite a8 il o3l 0l Dot (5l s

2- if-then

4o

dox 3l LS gl Sy 3l ol » JT Mg
CalSS S b ST s O 548 Olestle (g jbol
4.V 5 00) 5yl b oS s o 2leb 5 (oS5 (T
53503 e j lamms (gL 53 Sl 58 T 5 S edle
(sl STl u}&wjgg;&gj)\,;wduubu;|
ST oS S5 &8 Slef Sl s Sledde o) 0l )
03 Mg S dag S ble (slacSTE )3 059
25 A el Sl Sl L e
3an 5 0l (e ) 4 ST (gl Sh (6ol pats
S esliad Lot gladle 3 S Sl Jb 3 ol Sl
sa Pl Opo b S ) ()l patds (eSS
g s Sk Slosar S st @l S5
el 54l (V) o dslas ool 45 8 | 3 Oliioes 3l (65l
sl s &S S5 0T 53 oS Sl STl 0 58y (613 pai
Msn gkl 5 Sy o) s se ol H5SE ey 4
s Aslas (10) 0 SKen 5 51 &SKa il o Ol 5 50k
1, Sca=F(S,C,0,1,P,a,N)) sl ko 5 5 5 sl
Jolse 5 S o balsy WS oy sl S Lol )l
Sl gzl Jole i Jols 5555 0 5 4 Sos S
(A 2y () ol Sl gz (S) dai S5 ST
(P g5l 350 o) 15 55 «0) Sluil b b (g5l
Sca sl dde 55 .l (N) S8l or Cond g0 5 (@) (oo
sl ST Dl gz b STl (gla WIS

WS b Shs oSl e Jol o an
~ S s o oins DU (al9) sladie 5 Jasme sla i
oS ol e il o oo (ol ize 5 S5 ol
Sz lesSe il ol @y s e
Slaosls cCL&S)\ st sdbe jlesliul b Jasee (gl e
w38 SlWlas I ol (claddi 5 555 I toviw b
Sladde 5 555 51 taeiw (glaosls 3l esliul (1) AT o o
éj}l}é)yjjjgﬁt;jb@ﬁl}bo&ld\&&:)\@})
S ST S el e e 5o ST Csdge

1- McBratney et al.



OAQ

\Fov QL'.'.“..A) cfa)Lo.i v A.l:- (‘_g)'”l.;:S ’,4..1.9 4.1») u’.ob) t.s"'“"""ﬁ"

TS ;S b 250 33003 53 L ys s 51 YL e
S adlate ) 53 il e eSS 0T =303
g e sdalin Sl dge U wlidie) g3 0y
JS s e slreyss 4 by e sk (ooliddo
Sl ol (65518 Chaig .ol odalie 6 addete
B o Sl iy 5 b slaglbing; ol 5 Lo
JS o3 YVIF f gazmn 53 il Jela 1y (£)5 (2
av\ijtgh@alihoﬁowL_C‘fdéb\bd.&;as.,i\)\
G Sl oz, 4 Glane Lol ailaie glacST il g
V) Ll o g s 5 e AT
s bl 53 (6,8 )1 b g i 3l p e Ol g
SloosS & (5y5b w88 5 S5 glaesS by G
2d 0 2ST OT (g8 g 5 0 53 (Sl D)o 4 b
Ly Obw,gd Jd 5 65 0 Calwnd 65 0 Lidu ol
23 Ok gl (g Glatand Dol w5 358 0 Jold
VB gl b by S 55 @l p e g 2,8
et 935 PLE I L ) o e SBs oy s s by b
SIS a8 4 a5 b Ll 0kl ) guamme bao S Lo 5 Ol 6
S b e aiaie s oy 2t (Y JS) A
St el o o3l 0L i &Ky L o sl e oS LS
Bd (Sladlinn 87 @l o ailate Comlon oy VY bl
39555 i il o LSS OIS Glls 5 ol 35
sy G518 laaig adae cpl > das e Ol adets
PGS S 5. (V) Ayls (65,5LS (6 )8 S Ll
oS EWI L Gble 5o gy allaie 3 5 0L Pl L Gbla
(S o adkie s aeK opl s sy Sl S cweln
ailieys o Jo p3 il plg a3 5 0sS et L
ol 0 pl 5 il 0S5 o oSl b 3l gl g g
s S S bl Olagd Gl a5 T
el 53 5 &S5 508 Sadkals b 5w Jine GbL
oSisty oS GOkl b 5w Jdime bl 2 g

4- Xeric
5- Mesic

il e ST gla S 555587 5 (gl obie oy S3bas
P S Sl guas gy i (7)) 0 Sen 5 Kia
o ol Ko 5 o 48 O § 5 Joke 53 L 3T
e L gl 3 ols oo o 8 8 i 5 4 5
5 Uy el ails (g b S8y A ki Jat g S
S (o ymn e 4t Jds a3 (YD) T LS
ST oS o585 48 4 6l (53 03 S 5 B3l
Sl by s ol i 5 L5 S eslaal (g sl 5y STl
A0+ /88 50/ =+ /AN /8 = AP S 5 as Ladds ol
e ash 0 B0 5 K s S 2)F
Oge § 55 23l [ Ko (sladde 48" dis S o8l 5
Slr03ls QLT s 5 s el Ji3ls 5 oy s 4 25050
Ghuaib Colial ys eslitul jshie 4 pwlie glade (5 &
Ll

53 Sleallln 05576 das o DL ok plondl e )
@l pie Lol 5 JT o 87 S8 Sl (g3l ie 3550
e 3 Sl JT o 87 S ST, 08 56 abs g
~0303 p g (slaaz s S S oslizad b Olghol Ol p pam
dwslde DIl L 2ass ol esy opl Sl Sl 0 plon 311
opiin dop Jo 0 85 5 ket R 02, S 5
T ot Dl oS IS Jama Jolge n 70 gl
.ucl?almd\ﬁgﬂﬁ;alxz.u})ww,

b w9y 9390

ol 3590 dilio Cubgo
prems Ol g 53 aalllas 350 ailate Suspe ) IS
S D 53 e Ol g A3 0 OLES | Olgheo! Ol
ladsb o g iesdS OVYF Colas b Olgiol Ol
GYOFY oe s S0 O Y TE OV WY T Ll e

Wl ok 15 Jles Y70V
Sk 5l a3 VYD LY/ Ol g sles 5 Sbee

Yoo BYee gl plisy) sl e e ke PO GO SYL

1- Hengl et al.
2- Rudiyanto et al.
3- Heung et al.



520000

w3 ST 2 S s Gols paiis 5 giledie 101, K 5 SLS

540000 560000 580000 600000

89

3460000 3480000 3500000 3520000

3440000

o

+ Test Points \ & s °

® ‘Train Points
DEM

3420000

Value
o High : 4378

B Low: 1741

3400000

3480000 3500000 3520000

3460000

3420000 3440000

400000

o —— —
018,008,000 32,000 48,000 64,000

520000 540000 560000 580000

w30 ol |y (+ g0 4) 09037 9 (0210 cwdle) LbigeT bl 45 alias & 390 dibaio (1) S

Figure (1) The study area showing training (Circle symbol) and testing (+) points

5 (V) (S oSU1 gy tn o8 1 eslizl L S
et (Y+) (258 5 0 gl 23 oy 4o ST Sl
Y
S Gl g (e Sy piie oL
s Jols S8 ame YA sl (e ol o
350 Aol T 2S5 s glin o (i g
Lol & LS bl (e i & oSy S b
e P a2 A S REPLLo g 2
s ekt ol Cmle Moz 0515 el

. L2z - . - s WY N

2- Slope

3- Aspect

4- Channel Network Base Level
5- Vertical distance to channel network
6- Catchment Slope

7- Total Curvature

8- Longitudinal Curvature

9 - Maximum Curvature

10- Height

11- Mass Balance Index

12- Modified catchment area
13- Slope length

14- Topographic position Index

(PEL LT Jdodi 9 4 3285 9 (S10 pdiged
s addlas 5,50 adbais (1 gyls a0 gad (8l -

o3l L baaii 5 adsl DA oy 2 5 (55T o
o s Ll S sl JE S 1530551
o faskS 0 )3 e skS 0 (6515 paisai Jool b L abaks
S el b o 3 8 s it 82 6 2 50
b Y 5HGPS) ' Gl ol i g ot
e Lol (6515 sad (e Bl 1= V1) ST
05,5 oSix pa Jols ¢S b dgai (g luosleT
5 plasil odd Cils p Lo s sed 035 05 5 O sS
s 0303 e (6 e e 95 SN 4 gad s
S = A5 s 4 bsas JT 25 Oln o80T
AU oLl sk 4 prtmen s 8 e (Y0)
e s S JT S 0l p S sl S5
4 &S gLl Cusby do s ot ol (a5 ST
(Y) g magsdon oy o &S oL (M) G55 o
o&s j eslizal L gbat 8 s (PH) S 2Tl
gl ol (SO S Sylie b (V) 2o pH

1- Global Positioning System



04

\Fov Ql:.wﬁ) cfa)Lo.i v -U:- (ngjjl.f«f ’,4..1.9 4.1») u’.ob) t.s"'“"""ﬁ"

i3S 2 O 5F) ;25,5 JKor by s 4l
EXIraCt wls 5i eslical j1 iy 48 ool 4 p5¥
-uﬂbw):&»éuﬁbéawxaﬁndﬂmldlj
Heslizal by (SaS7 oMbl (sl plad 1ol codd (g5
ool b s 5 0 Jyld (5 iy s p 4 TASIET oy

L plest Su$s L Covstack o6
Oy N (oS g 575 49
ok it Alaly g S5 el Ly (s a3

il (S8 e S5 Ghe s (ST JT )

() dslae) 555 0
P
Yi=P o+Z Bk Xik D)
k=1

o odalie ¢S5 )3 ol Laze Hldde i o) dsles o
Slaeals Xik <0 gomr 85 a5 P e 51 5,2 1ds o
Py Shalin doii & by Jo5 5550 (SeS ke 2
28 Sl 5w Y Ll (SGS (sle e sl
Lilsy 03 o b o pie iz s 0 g S5 B
SR cpl g3 Sl Oods e 5 (K6 gla e
Gy Sl o piie A Jat 05 55 2, S 6l
S ob0T 5L As 03lizul RSTUIO Lases 5 "'IM"
Con e 5 (SST (sl pite o il ains ol S
kel Ko 05 55 51 Sran ol 53 10 sl e
A eslizal 53
POl e S 55

3,08 5 sl S (S ke o ke
S K 3555 5br gmome ble 6,800
Jde ol Sl DMl (S5 i sla gy 5 e
ol 03 03 G Dsls W) gl 5 Rt
b lado) (6,8 poandl Jitn Sty (5L 5 3l 02 ) S
5SS sl e BU 6)lEp sl (gl
(V) 358 0 03l Ady ST Dl g

P Y L & . s \ £ . g P
S by g Cedh e g (AL by
AL iy arls (S gl el e sl
o 4Bl s LS pdy el Jadl ok
phy e ls & alE iy Jols jasls (eds
p’L»iaAe}u RSC A ‘de sl c; o L;a\.:f
. . AR . .z . .
Solseals Lol ¢ oy Gas ¢ S5 40 8 s
ol Y . TR L .
033 )l s ozl O’Z")CE'“"‘A\{‘ ‘59‘;_5.3:}.'
o3limal L "0 sl el 5 YL oSS 4y
5 e dn @\Q&@Q,Jﬁg@sﬂd;,dm 5!
Sestizal LA Cawdd o)l sabe by sl wis slauil
SAGAGIS 51+ /¥/\ s ArcMap slaljble =
5 ¥ S (0) Lt s (V) 977/ 4
SRl ) s (ml o edd 4 (e la ke
.MJ@

J})}\q QJLMZWSPSS)‘JB\(J)J‘OJLQSM\LW
SeS e YA s 5H(PCA) Lol claaid 3o 4 4 2
L;\ﬁéaféhﬂxﬂdjwcﬂj}.O;_\J.sa.su;»l.sjy
e 6l Q) s £ Ol gileduss anT
alie caalllan 3 e ailain 55 eSS gla S5 58T,
,;efu‘;ujbgbﬁféuub,&wéuﬁm
.1:.__‘>uJ)\jsbjjjb‘)_&goug)\:ﬁd}aﬁ&aﬁ
ma g0 blE )3 0T bl ylis 5 LusRStUdiO 3l 5
Sp LS)‘JJ‘CJ_:GC_M)JeXtraCt cl_?)‘ obul_w\k_fé)‘.}_}_f

a5 03 Lasally ol ol il K 8o s 8 ol s

1 - Normalized Difference Vegetation Index
2- Soil Adjusted Vegetation Index (SAVI)
3- Transformed Vegetation Index (TVI)

4- Corrected Transformed Vegetation Index
(CTVI)

5- Difference Vegetation Index (DVI)

6- Ratio Vegetation Index (RVI)

7- General Curvature

8- Surface Area

9- Topogrphic Wetness Index

10- Valley Depth

11- Topographic Ruggedness Index

12- Terrain Surface Texture

13- Multi-resolution Valley Bottom Flatness
14- Flow Accumilation



J:LS‘TU"; 6‘}5) ‘_gj‘:ﬁ%)éjudhib‘)&aﬁ}&g

560000 580000 600000

b4y

() e

s

I —w— Kilometers
08,008,000 32,000 48,000 64,000

3520000

3500000

T

3480000

3460000

T

Y 3440000

3420000

T

3400000

560000 580000 600000

560000 580000 600000

@ .
(S) %

T ——— Kilometers
08,008,000 32,000 48,000 64,000

T

3520000

3500000

T

3480000

3460000

3440000

0

3420

3400000

520000 540000 560000 580000 600000 520000 540000
(@)
& 4 E b’ &
g g E
@ ! @ @
e} g} L
=3 =3 =3
= = &1
S = S
& & b
:! s s
S ] ]
& & &
=3 =
&1 S 5
g 8 %
& & &
: :
& 3 =3
Legend Legend
§- VDCN.tif -g g- Slope.tif
< Value 9 S| Value
<« — High : 24 o “|  wem High : 0.48
-~
§- — Low : -12 -§ §- Low: 0
S . — — ilometers. g 8
> 038,006,000 32,000 48,000 64,000 3 b3
520000 540000 560000 580000 600000 520000 540000
520000 540000 560000 580000 600000 520000 540000
N
(®)
& . gl
§ 3
8 d * * 3
= Y
S s §
b & @
L]
= Y
2 s g
3 i 8
L}
g :
z T 3
L}
Land Use
S M Bare Lands 1€ gl
3 |99 Dry Farming 3 &
Lagl -
I Forest 2 L
S I Forest 3 s Legend
S | M Irrigated Farming s g— MBLLtif
& | Lakes & Sr: Valllﬁ —
I Rangeland 1 ; ok
g 1S
s I Rangeland 2 E 2 Low : -032
< | I Rangeland 3 wometers | § §
L B Urban 08,006,000 32,000 48,000 64,000 L =
520000 540000 560000 580000 600000 520000 540000

S (3) 9P UG e lh 4B (T) ((mS) 400 U (0900 dhold 4ll () 450 > 3 s (AT) Svals (V) o

Figure (4) (a) The slope (%), (b) Vertical distance to channel network, (c) Mass Balance Index, and

& Wl dikain yo ol 5!

(d) Land Use maps of the study area

560000 580000 600000



DAY

\Fov QL'.'.“..A) cfa)Lo.i v A.l:- (‘_g)'”l.;:S ‘5‘..1.9 4.1») u’.ob) t.s"'“"""ﬁ"

Sl ke Csanl e (5 U Sl 0 80Ls Sl 50
(st a6l Il gy ol 53 s § eslinal SGS
aculoes (OOB) auS” T Sl e sl g ey sl
ey GLa e ol glaler LS ol g 23 0
53 02l et S 8L 0Ll 53 533 o I ST aukiS
hlona [ 53 sl Ay Ot s olol b a5 3 A e
DSl ) 355 ol e gl s ol il b g 305 o0
oda e (g ilwdde )3 esliiul 3 50 gla sz led (G
g o 03, e (gl iie el g0 Cslgi 53 5 plaxl
A

Sl J Ko 2,5 S sl sl s a3
o3l RStUdiO Lo ,srandomForest | Ble 5 &
Jols aalllas ol > ok eslial (glaaia i Jip e
skt & GGally ¢ ST gls L6 Sl 5, ske o readxl
5 Leesls oy 5 La ke Soeor Olajer o)
3 e ol 0 rf leosls olulis e s MASS
o= |~ randomForest «., ,simportance &b
o3l (g 3ludie AT 3 55 @by S SGS™ (la e el
G b S w50 el D 8 G gm sy S
AT 8 53 5L G S ey Ml e 5505 6 S (sl S 4
solaie s CArEL i 3l oslizal b 5 (558 bzl (6,8 4y
Oyl 5 (Ao ysAr Tagds) 85 50T slaesls oSS
)y 8 oslicd gl o jlzel 5 (o ys Y+ T 30e)
B Jow @b 265

ST oS ileddos mls L5l Ay cnl 5
e Li ((F adslae) s o 8 31 e C85 ) 5SS
Lot Sl e 93 4t 5 50ken o(F dslas) Ut ol ol S
(& slne) ot Lo i sla Sl o 4k ) ke o8 dslne)
eSO AL ) 2 oleT 53 ol olinal (V dslas) bl 5
03] a3 5 (H8ly polie oAUy el Ve S355T

.Mb‘ja ol ‘) ol

cd,\wf.w\wf,;yuwgsﬁﬁ;@\
Ci 30,8 4l o Sblaiil 5 Lao, S sloul Jols
ol oy 5 (slaes S Jis (gl ke Dol ol
Sl Sl Sl 5 Dl AL e sl e ol
e A 4T 6 it Ol o b ) S 4
R 5B A e g3 dl o AS bl ) L sl
N SPERCUN YN R E PP PSP PRERC
Joli 55 o yn A e aculons [y oo 55 Olaiil anw
ool adu pslie 43 (G5l 168 ol olaesls (ol
Al olg Jbe i
() Gl g o o by ol & al o oyl 51 Cota
sl Wesls IS 3 dolas 5 ob 445505 &K 6 by ol 5
03 e 35 ot 4 505l (S95 S5 )3 5 0
sl B ass S5 B e 235 w00 5
e Lo S e ol 3 oslizad b O oy 2 5 s e
e s NS e S sl S5 45 555
slaosls g3, Il dslal JKo sy b ladds
235355 o Lol el (Glaosls (Sgy e (s30T
23l Ut o 2087 (glyls &7 558 o0 Ol Je Sulg
st y3 sl 5 ol (slaesls oy &6 Ly oyl
ool slaesls o &S Ty B (ke gl 53 055 o eali
23 Ladssad ol O L gl ol onliind oy sl o
03l usl 5 30 ke O 93T dl= o 53 5 cllockiss oslizul 5§ 50T
e oS, ol [ e Sl 2 (1) 5,8 013
i 5 Gabeda julily 93 Aol ST AN (o Ay
Lo S5 s sl 5 (Ntree) | Ko 55 Hgen 55 Ol s
Jolse ol de SHMNY) 0 & 8 55 0 Slbusl _bols
RV}

Lo e Cnnl o 5l 1 3L J K 025 S

L' o 0 5 5351 2 sk 4 (S8
QINCMSE) Uast Solay o 5 Ks yldia 53 ol Bl sy

M)bﬁc}.‘aui‘b)"A.sJUaaQ_L\)bn\SJ_{L;AaJLéS.A

1- Gini



...):‘_,,JT&I;@}SJ LQJ‘AJ{M}‘_;J'LW;JMZQ‘)&«A}@\:;

ZLI(E(XI} — Z(ave))(Z*(xi) — Z*(ave))
-».Jll Z?ﬂiz(ﬂ] — Z (ave))*(Z*(xi) — Z*(ave))?

R? =

)

0¥

MBE = 237, Z(xi) — Z*(xi)
[y

RMSE :\/lzn“[(z*(xi )-2(x, ))Z}

ni=

nRMSE =RMSE/Mean
Bias = Z(ave) — Z*(ave)

Q‘M.JJ\))‘}LA}IAJWJ)M)JEC)%
jgw,ng}JJwr_‘.ﬁop;ﬁ;m

DL 1) &S sl iy o (Soer b ¥ S

oSl 28Ty b JT 8 Aoy bl cpl 5 das
e\ e 53 (YY) Sl gee ke Saes (PH)
Lyl a PH a5 b aS” iy oo o as alasly ol 53 05505
Glgomn 1 5 550 00 5 oalp &S g 425 sl p
IS gl oo 1§ S Cm |y ST ST S
o S Calies sbaaY jo pH Ol ok 056l 0 (Y)
L5 o LS PH Glgme o7 cl 0T 51 S
Oropen AL ails S (T ST ol gae L)
Slsoms gm 8 ol 0T 51 S andlae ol slaadly
Solda 5 (VADF) dsle S Dl S o ys b e
gl 53 Gl St Kinwen (/PN (S S
o 3 ol3 gan (VD) gite Sien 5L 5 /00
S8 s iy Ol gom el p) 23 st
alllae 3550 GESTE 5o S DL ST sdes 457 350
o e 21530 L 5 Al 13 S o310 5 Butes
0393l anlllan 540 GacSl 45 ST Jlglp , aeST

.)_9.&‘54

)
®)

*#)

V)
e Z7(XD) (s 503 3 N Y B ¥ glaatsles o
(ods i ey ol e Z (AVE) ok i
olae Sl Z (aVe) 5 ous o, 8 050wl las Z(Xi)
ol 0k (5, 031
ST o Sl 1y 445 48
)\ °”\—‘:'Lr‘:’ﬁ—i _).i.)l_E.A ‘)\ osleul L_; U’JL:JUGA aabs
o el o s g S5 5 ol Ko d‘ﬁfiui“
S s gleasi 53 bog)s @l s S eslizal
U'i‘ GALA: du\_& a:L&:.w‘ 41.'&\3 u"’}g”*‘ U’.AJQ)'} Lf:j)

s plal ATCMAD 1315 Lo 3 ot T 3

S g s

—5}_} S glaesls bl asds (V) s o

Gwl.w‘ gJ‘.'.‘ B g:,.w\ ol Ajb‘ *or J)).A d{l}- LsLh
MLl Sllee aibie 55 S JT 5 S oKk
U“'-’-L'” L;.L.m.&*b wLﬂ\ 2 ny Sl a.LAT C_.....u::\.: Loy
polie b WS s oKt aa bl slaeSTlE (gl (FY)
gL B R PO JP R WA Sl vﬁT S ek
o Slllas aibaie 53 ST o S S 5 JSld i
TR AZ R W PR - RN W ST VAL ZRTIVA g g
Ol Lo ys 10 1 208 Sl i ey o (M) &Kl
Loy Yo U Yo Q‘Jx;ﬁ g_a._v'f.ﬁ LVS L;ﬁ-a\._v_f;;ﬁ olad
NV Dk 2 5 L sie (60 i odias O

53 S gla S 5L Sl odias OLiS Lo )s YO



040

\Fov Ql:.wﬁ) cfa)Lo.i v -U:- (ngjjl.f«f ’,4..1.9 4.1») u’.ob) t.s"'“"""ﬁ"

Sl dikio 1o S b T39Skl eyl (V)9
Table (1) Descriptive statistics of soil properties in the study area
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Table (4) Evaluation of Random Forest and Multiple Linear Regression models in prediction of Soil
Organic Carbon content of the study area
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