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Introduction

Soil properties play a crucial role as they determine the soil's suitability for different types of plant growth,
ecosystems, and biota functioning. They have a significant impact on nutrient cycling, carbon sequestration, and soil
management. Digital Soil Mapping (DSM) is a process aimed at delineating soil properties. Soil sampling for DSM
serves as a fundamental step in improving prediction accuracy and is crucial for incorporating variability in terms of
environmental covariates. Conditioned Latin Hypercube (CLH) sampling is a technique utilized to generate a sample
of points from a multivariate distribution conditioned on one or more covariates. Numerous researchers (Ramirez-
Lopez et al., 2014; Adhikari et al., 2017; Zhang et al., 2022) have endorsed this approach in their studies, following
its inception by Minasny and McBratney in 2006. However, there has been limited research to date on the impact of
the Latin hypercube method's random sample selection process on the accuracy of resulting maps. Hence, the central
question remains: Is the Latin hypercube sampling method, which is currently widely adopted, always a dependable
approach in this field?

Materials and Methods

The study area covers longitudes 50°35'47" to 51°29" east and latitudes 31°36"31" to 32°15'48" north in Borujen
city, Chaharmahal, and Bakhtiari Province. The region, with an average elevation of 2338 meters above sea level,
receives an annual rainfall of 250 millimeters and maintains an average temperature of 11.5 degrees centigrade. In
this investigation, inherited data from soil studies were utilized, consisting of 250 samples distributed across the study
area. In this research, the studied characteristics included percentage of equivalent calcium carbonate, clay, and soil
organic carbon at a depth of 0 to 30 cm. Land component variables were extracted using the Alus Palsar digital
elevation model with a spatial resolution of 12.5 meters. In the initial stage, digital maps of equivalent calcium
carbonate, clay, and soil organic carbon were generated using the support vector machine method. The modeling
process proceeded until a highly accurate model was achieved, with the root mean square error percentage (RMSE%)
being less than 40. The Latin hypercube approach was utilized for sample design, with 500 repetitions in this study.
After selecting sampling points for each run using the Latin hypercube method, these points were mapped onto a
detailed map, and the corresponding feature values were retrieved. The final map was created based on the extracted
points. Subsequently, the latin hypercube approach was employed to generate soil property maps for each selected
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dataset. Validation was conducted using criteria such as the coefficient of explanation, root mean square error, and
root mean square error in multiple iterations to ensure the accuracy of the generated maps.

Results and Discussion

The results distinctly illustrates the varied selection of sampling positions with each implementation of the Latin
hypercube method. It is important to note that there may be some overlaps in different implementations. Consequently,
the primary question arises: Is a one-time execution of the Latin hypercube sufficient for selecting study points? The
findings indicate that the support vector machine model achieves satisfactory accuracy for all the examined
characteristics. In the studied area, the environmental factors such as slope and elevation were identified as a
significant predictors for estimating percentage of equivalent calcium carbonate.

Conclusion

In the present study, the accuracy of the latin hypercube method was assessed for selecting sampling location for
digital soil mapping endeavors in Chaharmahal and Bakhtiari Province. Given the impracticality of collecting
numerous field samples to evaluate the soil sampling method, this research aimed to employ simulation methods based
on highly accurate maps for this purpose. The results indicate that the different outputs of the Latin hypercube method
influence the accuracy of modeling, although this effect is also influenced by the specific feature under investigation
and the extent of its variability within the study area. Considering that the Latin hypercube method is based on the
principle that samples are randomly selected in each class of environmental parameters, it is suggested that future
studies using this method should account for this principle. Adequate consideration should be given, and the selection
of sampling locations should rely on multiple implementations of the Bhattacharya distance method to ensure
robustness and reliability.

Keywords: Bhattacharyya distance, Digital soil mapping, Sampling position, Support vector machine



S g of 4y

https://jsw.um.ac.ir o,
WA BiA

d"'.:'hﬁ}»’: Jlae
FEVAYAY o VFeT 5 aolaye o o)let OFA al>

S 4 g Sl bla cond g LSl ity (Y Sl B g, s 2L

S «.SL%;}U XD

"ol ol gl - 5 g8 mhaas o 2
VEYANF 13,5 fu b

daSe

G s B SB Olpss 186 0y90 0 (G50S4 dudly wlid S Gledbl plod Cous g cdd 4Gl 4 an g b

abaly 3 (Sl Sldlae 68U ol Cuadl Pl jlan Blo duoy 1y @l s ol JS5 o yige 4 g & %al)S 59, Ol sl o (6,1 paiges
el B gy €8> b o b aalllan () sl 00 plol Wi Como 2 5V Sl b i) 3 lndiges U] (392 (B0l b s b
Sl g Jowo ez il )3 g Gl el ) ladlate 1> S (0098 ()l padids Clillae ploxl jlatods ()l piges Cambge QLI ) 5V
23,5 (W iaghs nl >l (late i (50l ST (53045905 9y Ll sl (Sl )l pi505 4 se (ptiz WSl 4 4295 b5 plox]
&9 Om 4ol Silo oS lp Lyl blal alols g edlitul jolaie cpl (sl Vb jlus como b (plbadds (bl 3 (silodnd slagsdy, 51 U
Goe (M 025 9 oy i olae ol 0l S 0i0y0) S (gl Shg 4 0,5 olitsl (5 el B ) cilisie slal g ol dasly Jloi>!
b )b paiges blis Cmbge Sl (ol 2 ogMle b (oriun lizel 3,5 4 plisiy Jopodle (bl odlisel L (e sl Yo b jao) (oo
o3lizol L ST sla S5 Limiring 6l oriayliie] ctls yo yo 1 103,8 plool Iyl agype B+ b alaii Yoo oST5 b Y Sl b, 5l oolizal
I b5 o §) sty Jopepmtle Jbo sy ys0 sla Sy solad sl 4 > ol gl 45 plogl %RMSE , RMSE R? )
o Gilises elolal 3 Y ol by cilies (sla agss o Cal o] cbsS gl e sgm ) Able sy (F ) siaS RMSE)
VYO jlewisas J1opsS g omy ol pundS Sl yS dio s (6l Gilisee (lacdls )3 Jaoe RMSE plis 5 cal )35 ,506 ¢jludie cono

088y (631 it diges CaumBgo ¢yluiidy HIyopaile d)lablal alols 1 gl slasjly

59k gy g Ubjeel (s lojle (sylisu g Jlre)og il (b @lie 5 (65)5LaS bjgal g Sl 350 ol g S Clidios iy ingd Hbotiel -

Ol 2,8 4

(Email: Z.mosleh@aree0.ac.ir: Jytus osiu g5 %)

Ol lsal s5ysliS oy 5 Gigel (i lojls ¢l job il (gmubo @lio 5 (g5ysliS (hjgal § Cliios 150 ol § S Cliios Jisw (img bokiel =Y
https://doi.org/10.22067/jsw.2024.86936.1388


https://jsw.um.ac.ir/
mailto:Z.mosleh@areeo.ac.ir
https://doi.org/10.22067/jsw.2024.86936.1388
https://orcid.org/0000-0003-0793-0270

VoY 91 s — 3100 oF oyl FA alo (S g T 4,55 YV

sloodly ol o 1y ()l piged ST iy gy paiges 4
» (Hengl et al., 2003) ;Ko 5 [ lodges b SoS
2 J5 oy o 20,8 Slain |y (g (ame slaysite bl
Cubldy diges y3 dalllas 3)90 yusie (6 e (Sl AL S ]
S5l s e

g s (sl 26)lS" gy lgieds | 5V el b b
odlasiol llllas )3 (glod yiS jobody 5 Cowl ol did b (g,ld pydiges
Jaib  p (Bolas psba based gy onl 3 ede
sl jlasse 2 5 (nlply 2035 o bl ame (sl il
5 sl Oglite o Wlgi oo ordlsl bl acgase (sdsy o)
Sy Gbadd Como y wilgie il LIS dsgene «o)0
Sy ol baugi gy ol & YeuF Lo 5l sl iS50k
M gyl8aL (Minasny & McBratney, 2006) 1y
Ramirez-Lopez et al., 2014; Adhikari ) alswe o Sisgs
3¢5 Glallas (b 1) g, ol (etal., 2017; Zhang et al., 2022
uvey ke (Zhang et al., 2022) ) Ke 5 Sl bilools sl
Iy oY ceSalyd g glals dolad (slass Jols (g)ld pdiges
5 SIS (6yd pdiges g,y a5 aiily Hlebl a )l 153405 dunlhe
5 Fe Obdg SlSed ey b gy @bt oY Sl
Sl gy S Jl 53 amee )l bdisel @95 ) g5 JelS
9 S93ly 50> g w3 o wll ) (e (Shy sLad (Y
coSalyd yogy oS wizily ledl (Wadoux & Brus, 2021) !,
ol g cal Jay55 0 oy sl Jl by, e 4 Cand 5Y
g b ol yidin baaiged o515 o5 Wil o a2 B Sloj £509e
diges gy b1y Y Slyd joe, (Ma et al., 2020) -l Sen
el b g o 63,5 ol g 3905 dumlio "L sy ()l
Cawl 03I Wyl |y Como ppiams alisee o515 Ja oo 5o oY
ey 2h8 &S )8 ol (Khan et al., 2023) Ko 4 15
il B9y 9 (wr 2 3)90 (S 4 3L s B Y caSal 3
ol dtsly

A6 o b dlaly > (Sl Slalles (98T 299 0l b
Cono p oY Salp gy 5> digel QL] (g (Solas
aabs ya )0 ladiged (Y Sl o) )0 .l o plodl lndias
2 ol 2535 o Sl (olal ©)godr aee el Sl
Sglite Wilgi oo oad bl sladisel o) G2l adye
MolS" 3lg5 o i yo yo 1> oabApS (sl Como «gy ol 3l il
° U9y (P9 soobad ol as U as pl g g cpl b asl cglaie

1- conditioned Latin Hypercube Sampling (cLHS)
2- Feature Space Coverage Sampling (FSCS)

o

LV RY-T

Gl ] (8,50 sy SB sla Sy 585 s
OEZen g (lé polis gad 2 dler I SK e clad S
2o sloodly .l Cued] Pl jlows SB zusus Cu pie jolaiod
e (Sl s b Lol 5 SB Sluogas joid gyl
il cladiges d 5] il e S clbdiis i cly oge
oo B o ja 3d b SB dslllae G o bl sl 4y 0
Lol i L 1y ddlaio 0 S s olod JolS jobody wislys
DR G Jl M (imgdy o plxl sl (Sl g i
SBclllas Jole upinte Jl o @b paises e Sl
ot i lgs o SE SIS ol s dy a5 b oS sl i
slcodgise 4 Hlas aslb 4wl ol jends SB sla Shs ooy
Bl (e 3 (S e )l pdiges (he) BT (Sloj 9 Jle
b @lie 5 5ygliS 4 bgrpe Clalllas oo (ingh & 5
Sladllas SleMbl 5 oy plod Coms aSl 4y d g5 b ¢ opl pls ]
LS @l s S0 3550 10 (350keS ik 4 ditunly wolis S
2ol )8 gy o ol sl o (gyld paiges (663! s By
Sl F sl olod doy 1y Slpss ol S 00 41 gy o5
Ll
@SB gbpadss Lol Jolpe 5l )b paises 55X (b
bk Sl @iy o (iblie 3 0t (b cnl 9 3950 sl
Yang) oy (ol S ladllas 13 (630 sl Caedl Cuwl oduomn
Kimble et al., ) Ko 5 JouS (et al., 2020; Brus, 2019
@by o b SB el Sis qumo (e 4 aizily lpls! (2001
Sho e 5 S p8ges o515 ) piges by 3l e
Slgi e Sllllae )3 35290 st (i I psbod o ai 3590
S8 atalojl slla g (5l paiges sl Jolis JS 09,5 95 4
Lame & Defize, ) cosl 1oy Y+ 5%+ i o olime 45 255,5
bbb Jdsds ouds bl sllas 5)lge 51 (5l 53 oplpli (1993
3 ol Dbl lad 5l iy s Colyeds (o)l pdiges cuwliol
odls 5JUT g (6305l (claolSius (slas iges (¢3lodlel plKin
diged gy S Ol poil ¢y (pl 5l (Markert, 2007) wib
2 oo ok @818 o pleal i I Gl clie (5)lo
ouiSly o8 widl o sl by s (b pdised & cunl oyl
wan > Lol aBl andls 3529 (5)bpaiges LI I 0 (oldle
239250 Olyass (ol (28l @595 ) e Sl (Sas lge
s (sl ilisee Slllle 5815 55 Sl s & el




VY S o Sy sosdy il antd sl SFllllan bl cunndgo il jaliioas iy ool 18 b9y €80 31 «g013T 9 ebano

—a calisee gla ) S5y Y Sl hey cd gbjl sl
5 0 Il oS wep) Rl Sl Sy 4l 4w pslate
ol oy Glwped 5l ladlaie 3 (ol mrls ©lyyS

il i 5 S e

) 9 3lge
ladlas sadlaie Suis o

Sdsb o LS I W colue b adlhae 390 (seilaie
slaoye 5 By 0V VY VA" a0 YV YA Lldle
oy ol s 50 g Jlad YYC N FA" BYVOYE YV Lol s
EU)) bawgie () ) ol 4357 )15 (5l 5 Jlro o e
W g e YYYA s pay dibaie gaillls slod 9 by o
Sl o yio oo YO+ ol wllls (S5)L 50 g 31,5 e (gan
ol B3l 5 028 g sz (Bl sloal 5 Jols bisas dilais
b e

oLb gy oy 13 IS g8 Sladits oo Sl
ltiges gy U 4 cud il ol g lpliy sl
LT 940 so 00lisial (glo a8 yobody s Jlo 13 45" (55Y nSiol
Srp i b sl die) cpl o dlaisl BB b9y S5 o)lgen
Jr ()l pdiges slahgy plo & G Y caSald g,
by dasly (gl e 40 ()l peigel g cnl Slol g ol
Brungard & Boettinger, 2010; ) alo> 3l disee o Sings
Cuwl 033,85 Lo (Roudier et al., 2012; Thomas et al., 2012
s SB s anly 4 Sllae ) 5 Ko gt > Aok
@ o Col pleol I e 3 join Jlgw ool 4 Gl g Conl 0
SBl gy cnpe plyer oY ceSeld asle (obg) S 4>
Dged B9y (RFp 9 Cem B9y (P9 i Jbee Tl odd)S
95 b Sadl oo (3390 dilaio SB Cudly ol 3 0jluilar U)o
~dgad b9y b)) e e oo pdiged adpe iy 4l 4
b 2gd e (W gy nl p3 Canl (ilaieyd (5pel SB- ()l
O3 jl Ban g odlitul jolate (pl sl (silwdnd sla b, 5l

S1°0'0"E SIS

50°45'0"E

32°0'0"N

31°45'0"N

50°45'0"E 51°0'0"E

S1°15'0"E

Z
—n S
% n
J 2P sl
L

32°0'0

uﬁ'wl]an bl 9 B39 99594 -9 JS»)
Figure 1- Location of the study area and sampling points
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Table 1- Results of modelling soil properties using support vector machine
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Figure 5- Soil properties maps with different accuracy from different runs of conditioned latin hypercube sampling using support vector
machine
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Table 2- The Bhattacharyya distance and p-value for different runs of Conditioned Latin Hypercube for different auxiliary

information
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