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Digital Mapping of Soil Organic Carbon
Using Remote Sensing Data and the
Cubist Machine Learning Algorithm in
Al-Houla District, Homs Governorate

Rahaf Al-Azzo?, Samir Shamsham 2, Mahmoud Al-Hamdan3

Abstract: This research aimed to study and model the spatial distribution
of organic carbon and understand the impact of topographic factors on its
distribution in the soil of the Al-Houla area in northern Homs countryside.
The study relied on various topographic indices, including the Digital
Elevation Model (DEM), slope, aspect, curvature, Topographic Wetness
Index (TWI), and Stream Power Index (SPI), in addition to several
vegetation indices such as NDVI, SAVI, OSAVI, TSAVI, MSAVI, NDSI,
and NDW!I. The Cubist machine learning algorithm was used to achieve
the research objectives. A total of 65 surface soil samples (0-30 cm) were
collected between April 1 and 11, 2024, and the organic carbon content was
estimated using standard reference methods. To evaluate the model's
performance, the Root Mean Square Error (RMSE) and the coefficient of
determination (R2) were utilized. The results indicated that soils in higher
elevation areas contained higher levels of organic carbon, with a positive
correlation between slope and organic carbon content. Conversely, the
impact of other indices, such as the Topographic Wetness Index (TWI) and
curvature, was weak on organic carbon content. The predicted organic
carbon content using the Cubist algorithm ranged from less than 1% to
1.51%, with higher concentrations observed in the western regions of Al-
Houla, characterized by higher elevations. The model's efficiency
assessment revealed an RMSE value of 0.0586%, indicating that the
predictions were close to the actual values. The coefficient of determination
(R?) was 0.6823, suggesting that the model explained approximately 68%
of the variation in organic carbon content using the topographic and
vegetation indices included in the prediction process.

Keywords: Organic Carbon, Al-Houla district, Topographic Factors,
Cubist Algorithm, Remote Sensing Indices
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:daniall
o cab gl ol L (Sl e alladl (53l B e Al ggia
slally ool Gl o il 3 st Al o O (S a0 (53300 18
gl oSl e gl ggae Sl (McBratney ef al, 2014) 44
Zysha g el panlly ALl Llaaly ¢ ol ) Y Laxindy calial) 5 L1 salall Cagplall
Chen et al., 2023 Jagill b das Seall Jalgally cdysill GGee ) AaLaYly ey 5l
iz aal e Soil Organic Carbon (SOC) 4yl & (gsaanll (s i) (
A1 Logacy il Apmslonlly iliaslly A8l Cildaall e fg ) Zu 53m
(Falahatkar .ef al., 2014, gluy) aald)s Al JUaill cilaxd & i) s
e )3l (pals clgipads il dana e S J<Gy % Villarino ef al, 2019)
(Lal, 2016; Kim et al., 2021; Liptzin #Lall i, (didall chlall il
Al 8 gpmadl (s0Sl) Taihadis andi (e ilaa cihlieY) o3a 6f al, 2022).

& eaxS SOC Lila axaias Laglly Lol oialill (e Al b Bl
5ae (1585 O (S LS L3l g U b gl sl ginsall e il 2la
SOC (s cypailly (omah¥) a5 dayy cJaalaall iy Lo )3l Ahil) b
il chlall @bl Jolus G5l Qi daadiy ¢ azal)¥) Y lexia) bl
(Taghizadeh—Mehrjardi ef al., 2016; Guevara ef al., 2018; Morais et
Aoy (@l pladiul sl (0 AN alk, 2018; Lamichhane et al., 2019).

Cilygine g Alalall iyl aay b aels A SOC Liha auyl dllady 4id,
Al Lleng Ayl aga o Bliall LadU) dalledl) Jalad g gy (gsumall 53S0
Aol wlylall Jaas . (Gholizadeh ef al, 2020)4e))3l lalas G
A8y i€ ynt Coall G AT ) glise (e i) 3 (gl (50l 50
Aol Al dalds (e dg0a0 220 e 5Ly 28, SOC LibA sy olé GlM 2Lyl
(Goodman and Owens, il Gasd ey a1 JSs il e ()8 cilaglaa
g i Cum Slggla By 3panass Al Ladil) syl Gl o) 2012).
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oo et Sl by 5508 Ganlie ) st (S Yy Aiel) Ll e Cilasleal)
Al ¢ Yz laig can e Jlefinl) Gl ) alsl) Jgaslls 3) shaiall il
(DSM) Digital Soil 43ll dpad )l LAl aw) mual Al Clysials ((DEM)
o gpanll el IS sl Jadadsy sl b seley Sy ieMapping
. (McBratney ef al., 2003) 45

i) Lei€ars claliadll e 4l Al 1) all Jae de oo daadyll Jaijal) Jas
Ldhaa gl aladinly Asgun lellaty Lehaat Sy Sl dileayl . SOCIWS,
alagll Jeus .(Grunwald, 2009) (GIS) ddhasll cilosledl) alas 8 dabiss
DA 50 SOC a5t Jladll 5l DSM 245l Ayl il Al 7 ) & daaiiiosal)
Gl e dad Claglan i o) (Sa ) 2 e JladiulY) Hpea (e BalEY]
(oY) elhally V) il lexind Jial Alledy sade A5 & Ul s

SOC Liha au)s sall 48y (pead ) A8l ¢ Slall o Uaall ok

. (Mirzae et al., 2016)

Lpdall Glaglaall (o drnls Aesens 238 of a2 e Hlediu¥) bl oS WS
Slid) (Sas .(Vaudour ef al, 2016) SOC e Ailiaa Luulia o Akl
cLdhally o lally ¢aploailly ¢ Slall eUaall e dibiie cihrieS Clasbeall o
L) il 38 lld aay .SOC Laiha pus il Zyh clyiiia 685 of (S )
Lahal) dahie (ulies gl AWy ysall 48y 44l clysidly SOC G
e Jgaall 2y Al SUlall aues oy (Says (Lamichhane et al, 2021)

daiie DSM by dhaudsy yuaadl of Jaadl cluld e o axd e Sleiinad) e
Aglanyl iclesens a)f A @bl o3 aiai .SOC Liha auys el
i (Chen et al, 2019) (iaeadl) dhabisdly AN} alaty Ailas)salls
aniall il jlaaiV) Jie callall 8 Aple ye ddad gl Afliaa) el
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oSxi s ¢ (PLSR) dgiall clagpall il aladiuly jlaat¥) Jiass (MLR)
s Kirging Jie dbias)sall bl Ll oy sl chsiall o LalayY)
sl e (alidY) cus (Griffith and Liau, 2021) S @alsll Je 3l
ahsial i Jalas & ¢ (Sirayanone, 1988)claill sda () 3 culdll
o (K ciglanlpal) bl s e gl 883 Galis ) (g5 Lae il
b panadill 8 Lyl A< ge el AU (ML) AV aled cilii s
(Drake et al., SUlyll degana B Al Gpaially Gliall e 25380 22

il pdiall Ll oo DSM 8 daadivadl) ) alas b Lo gt 5V @il 2006).
ls ¢ (ANN)d e lilaal) dyuaall i) (Decision Tree jlasi) 35 (RF)
Cubist _usill z35aills ¢ (Lamichhane ef al, 2019) (SVM) e lxill acll
O Biaall DY) Aades o Leipay naiall (gl il ) oty IS8 I3 gayy
DSM i cfyaly . (Dangeti, 2017) Gesiall dliisall chl piiall agll <l piciall
Liha aus (S apsll sl eadl GrdlaLe ik Gn pead ddlbadll
bl e ddabind) colidtl) 3edn cluahall e aaall Coldl 2y Al atlad
(Knotters et al., 1995; Yemefack ef al., 2005; Lamichhane ef 4.l
DSM wilgs €t saa) ojlicly Regression kriging (RK) <ak, 2021).
Kriging sha) & Al clpsiall 2 hals any Lea clladind dlabiadl)

Kriging  Jlai¥) callad e JS 58 (0 RK 2y (Hengl et al.,2007)
(Meng ef al., 2013).4d,) 450 Sy WiDA sy 4835 30 S il

Sl Khallouf ef al., (2022) 35, Cus gl g cluball oda JIEY dpysm
o Ly i) Jems g 2a3 e Slain) il 2y Tndad) Al s i
oailiad wpysis i b aad e Sbadind] (e sadieall Calilal) Aullad CELESIL ) Al
Al el ) iy Ao liall L) jpem alasind e giall) acie] Apadad) 445l
ALl Al s iy . Coaally el ¢ el Gy 3 Loy ) il i iy )
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sle S US4y iy (Falahatkar .ef al, 2014, Villarino et al., 2019)
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Glajles A8 el L 2016; Kim ef al, 2021; Liptzin et al., 2022).
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Al @izl 4l (Pebesma, 2018).4ue laill 4dhaal) cliball Jilailsf
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NDVI = NIR — Red/NIR + Red

c:*\_ﬁl_\.ﬁ\ Exﬁka_:.“ (6 Sl ojs.a Ja.ﬁ).}d (Aiang ‘SELLJ\ o Waal) Ll Ea NDVI uaS:uJ
B i) ¢ il 3 Cum Ayl 8 gyl 50080 e im ey (s
(Rouse ef al., 1974). gypzanll (s<U Ll

(Soil Adjusted Vegetation Index) SAVI
SAVI =(1 + L)(NIR — Red)/NIR + Red +L

Sle Ll il (e SAVE Jly (0.5 axsid Lo Gle) doatll Jales o L i
yalall Ayl of Jlal slall ¢ Uskd) cld (slaliall 8480 ST aleny Lo ¢ gl 568
Cag bl Gl 8 (gomall (oSl A8y ST e JUlL s

(Huete, 1988).

(Optimized Soil Adjusted Vegetation Index) OSAVI

Apladl L5l ol Gy duaitial adll Gluadl 336 SAVI (e diias Ga s

OSAVI= NIR — Red/NIR+Red+0.l6
Sl s Uaall 3 3haliall & Janl) die SAVI 534l 4 e dilia) Cligund gy
Lﬁ'“d}-})ﬁ\g' .M‘ .,. '.&$MW6....S‘
(Rondeaux ef al., 1996).

(Transformed Soil Adjusted Vegetation Index) TSAVI
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Juli) eyl Blailly Ayl o) peall cn AasY) (3Uad G oy Glaeal) 3 3
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TSAVI= s(NIR—sxRed—a) / (SXNIR+Red—sxa+X)

saal) alalii 8@ 5 Yl hall i 4 S Cua
Loa ¢l slall ¢ Unad) ol laliall f Zalad) 250l cold culil) 8 TSAVI aaiins)
(Baret et al., 1989). ssanll (58I 5uiill 48y ey
(Modified Soil Adjusted Vegetation Index) MSAVI
1 0.5

=_ + — + — —
MSAVI =« [2(NIR+ 1) — (2 * NIR+ 1)2 = §(NIR- R))"]
lae cdaggdl) dnlall ddastl) ) 48,88l 45l <y (alaliall b AR a3 e
(Qi et al., 1994). gganll ()50)SI a8 483 (e 23

(Al-Khaier, 2003) (Normalized Difference Salinity Index) NDSI
NDSI= (SWIRI-SWIR2) / ((SWIR1+SWIR2)

(Normalized difference Water index) NDWI

Dead 5] ) Guelal) Uil bl #58) c Jf (1980) Tucker s
«Canopy aslall Akl Sl ggiaall 48l Landsat7 s)sa & (NIR 44l
:(Tucker, 1980) cuill Sl (ssinall il LK dieca LulSady) 2laj Cun

NDWI- (NIR-SWIR1)/(NIR+SWIR1)
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