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Abstract

Drying of the Hur al-Azim has gradually led to the formation of adjacent sabkhas, causing economic and
environmental problems in the region. To better manage these areas, accurate maps of their characteristics
are needed. This study aimed to evaluate interpolation maps and examine the distribution of errors from
them in the Hur al-Azim sabkhas. A research gap existed regarding error maps from interpolation methods,
which guided the research approach. Eight interpolation methods were compared to create predictive maps
of the physical and chemical properties of the sabkhas. Errors were then calculated to identify the most
accurate model for each parameter, and an error distribution map was prepared for each parameter based
on that model. The results showed that the different interpolation methods did not have the same accuracy
for each parameter. The error distribution maps indicated that the error distribution for salinity, gypsum,
clay, and pH was uniform across the entire area, suggesting a good model fit. However, the error distribution
maps for silt, organic carbon, sodium adsorption ratio, bulk density, and moisture showed a large number
of random errors in the model’s output. For the CaCOs and sand parameters, the error maps indicated a
quasi-systematic error in the model. These results suggest that while the proposed models were the best
among the available options, they were not entirely successful in modeling these specific parameters. From
a practical perspective, the results of this study indicate that the simultaneous assessment of interpolation-
method accuracy and the spatial pattern of errors can facilitate the identification of areas with higher
reliability and areas with higher errors. This information can be used to target supplementary sampling,
improve soil maps, and support management and planning decisions in sabkha areas.

Keywords: Error distribution, Interpolation, Sabkha, Hur al-Azim wetland.

1-Introduction

Sabkhas are salt flats that expand in hot and arid climates. The sabkhas adjacent to the Hur al-Azim Wetland
have developed due to the gradual desiccation of parts of the wetland, leading to significant economic and
environmental consequences for the region. Accurate spatial information regarding the physicochemical
properties of soils in these areas is essential for environmental assessment, resource management, and
informed decision-making. To facilitate better management, precise mapping of the area’s characteristics
is required. This research aims to evaluate various interpolation methods and examine the spatial
distribution of their resulting errors within the sabkhas adjacent to the Hur al-Azim Wetland. Beyond
assessing overall model accuracy, analyzing the spatial patterns of interpolation errors provides critical
insights into the reliability of the generated maps.
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2-Material and methods

For this purpose, eight interpolation methods Inverse Distance Weighting (IDW), Radial Basis Functions
(RBF), Global Polynomial (GP), Local Polynomial, Ordinary Kriging (OK), Simple Kriging (SK),
Universal Kriging (UK), and Empirical Bayesian Kriging (EBK) were compared to produce prediction
maps of the physical and chemical properties of the sabkhas in the study area. The physical and chemical
properties of the studied sabkhas included salinity, gypsum, pH, CaCo3, clay, sand, silt, organic carbon,
sodium adsorption ratio (SAR), bulk density, and moisture. In the next step, by calculating the Root Mean
Square Error (RMSE), Mean Absolute Error (MAE), and Mean Bias Error (MBE), the most accurate model
for each criterion was identified. Finally, an error distribution map for each parameter was prepared based
on that model.

3-Results and discussions

The results showed that different interpolation methods did not have uniform accuracy for each parameter.
For CaCo3 and sand, the Global Polynomial (GP) model exhibited the highest accuracy compared to other
methods, while Ordinary Kriging (OK) and Universal Kriging (UK) models were the most suitable for pH.
In terms of moisture and bulk density, Radial Basis Functions (RBF) showed the highest accuracy compared
to other models. Additionally, the Inverse Distance Weighting (IDW) method provided the best accuracy
for organic carbon and silt, and for the sodium adsorption ratio, the Simple Kriging (SK) model was the
most appropriate. The results from the error maps indicate that the error distribution for parameters such as
salinity, gypsum, clay, and pH was uniform across the entire area, suggesting a good fit of the model to the
data points. However, the error distribution maps for silt, organic carbon, sodium adsorption ratio, bulk
density, and moisture showed the presence of significant random errors in the model output. For CaCo3
and sand parameters, the error outputs indicated a quasi-systematic error in the model

4-Conclusion

The results indicated that although the selected interpolation methods provided the best performance among
the evaluated alternatives for the different soil properties, considerable spatial errors remained in some
cases. Therefore, selecting the best interpolation method based solely on overall accuracy metrics does not
necessarily imply uniform reliability of the resulting map throughout the study area, highlighting the
importance of spatial analysis of interpolation errors. Error-distribution maps can help identify areas with
relatively high prediction errors and can consequently support targeted supplementary sampling,
improvement of soil-property maps, and more reliable environmental management and decision-making in
sabkha environments.

5-References

Abyat, A., Azhdari, A., Jodaki, M., Darvish-Khatuni, J., 2017. Investigation and differentiation of
Quaternary sedimentary environments in the Khuzestan Plain. Advanced Applied Geology 25, 49-64.
10.22055/aag.2017.21931.1702 (In Persian).

Bronowicka-Mielniczuk, A., Mielniczuk, J., 2023. New indices to quantify patterns of relative errors

produced by spatial interpolation models — A comparative study by modelling soil properties Urszula.
Ecological Indicator 154, 1-15. https://doi.org/10.1016/j.ecolind.2023.110551

Selmy, S., Abd El-Aziz, A., El-Desoky, M., El-Sayed., 2022.Characterizing, predicting, and mapping of
soil spatial variability in Gharb El-Mawhoub area of Dakhla Oasis using geostatistics and GIS
approaches. Journal of the Saudi Society of Agricultural Sciences 21, 383-396,
https://doi.org/10.1016/j.jssas.2021.10.013

82 ISSN: 2717-0764


https://doi.org/10.1016/j.ecolind.2023.110551
https://doi.org/10.1016/j.jssas.2021.10.013

aVa

Shahid Chamran Adv. Appl. Geol. Summer 2026, Vol. 16(2): 81 - 99

University of Ahvaz

+ HOW TO CITE THIS ARTICLE: i
i Abyat, K., Kabolizadeh, M., Zareie, S., 2026. Evaluation of interpolation methods and resulting |
 errors in the sabkhas adjacent to the Hur al-Azim Wetland. Adv. Appl. Geol. 16 (2), 81-99. i
' DOI: 10.22055/aa2g.2026.50624.2532 |
i https://aag.scu.ac.ir/article 20934.html i

©2026 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as
long as the original authors and source are cited. No permission is required from the authors or the
publishers

g3 ISSN: 2717-0764



e

¥ oolad V8 0)s0 N FD lils b iy (63,5 caslid o) ;"T’L’JV*‘:’@}’
¥ o

gy dllie

eedandlye2 YU jgle sbalomw jo oyl 31 Jols slbs 5 (b 39,0 s sbs, b))
St 555

Sl 1501 0] o s oSS o sl 0aSCiils btz M s 5 150 i 03,5
o.>|)’ ‘sl.glf ‘5n.|a.»a.n
Ol 1581 1521 Sl s LS s sl aACs  pblir AL 5 190 i 03,5
=) Sl
Sl 1591 1501 Sl s oS s psle aASls s rblize B o 5 190 1 imins 03,5
m.kabolizade(@gmail.com
VE-O/FIFF iy g b VF /BP0 i b

ol 59 ey 5 oolamil EMSe sl e 5 oS5 VB ol 5 ik S Sl eekiallygn YU sl Lol
sasss Sbi)l Baa b e ol il oo dilaie cpl Slusgas 5l 580 oloaid 4 jls g Copoe Coz Sl ouls ddlaie
sl b oalaly )0 a5 1 ol i3S & 90 gulaalljgo DY glabuws j0 o] 5l Jol> las @555 0925 (o) 9 (2bogys
Gigy A sobaze (al sl 020 ,8 SBST gy (bgy bl (nl 2 cnlpl bls g2y oty MS obingye slabs, 5l el sl
b G 38,5 515 duglie 9590 caalllas 090 allaie Slabunw olierd § (S5 Sloogad (i 485 45 ¢l 2bogye
Ol Jolo s 0,8 g Joo o ool by jo llas e 4t 5 0l alelid Jloxs 10 slp Joo (29380 s aslons
Ol o x595 gloadds jl Jol> bl (pizres aidla GLuSs C8s eyl )l 51 G 5o 50 obiyg)e calide sla b, a5 ol
elie (B3l oo yLas oS adls B leSs L) adhie JS 50 SB 2Ty 5 v, @S o9t sl o LS s a5 wes e
S92 eaxmd i Cusby 5 50l (egase (g (st w32 Cowd (I S e jo b3 w5 glaasds Jy ol 03gy Jae
Seilot 4l slhad G 292 Nl ballas (29,5 53 00 5 Sl byl 990 )0 ol oo (29,5 )0 ok Sl slallas
Olizeer Jg Wil 1) ams n e 99750 Sl Glee Sl iz e soloiiiy laos &5 cunl ()T Sl @l cnl el Jao o
Slasss, 85 Glojed (i)l 4 aas oo JLis s (ul S w698 slaaci | losgss 33ge SalS o szall cnl (53ku o o
Sledbl plauS o pl 3 1, YL las ol ls bl 5 in fliwebl colB L 2l olulis Sl s S5 631 g Sboys,s
390 Sl oo @l Bblie 13 (oo s el 5 6 S preal § S Al Sgny (oSS Sladiged (13,5 wredan sl
2,5 1,8 solarl

policd)jp0 OV b o Dbyg)0 dbF ajsi sl sl00 jg

Jelse et lse a4 o8 glaanls el o doaio-)
Lo dole Jols g oodle wigh o aislis oy ly a5 col e glosly (Sabkha) Leews
2 oo Al aidloe S8 slask 5 lazl o ailsoy, @ el plabze iz Sedee 00 I A (S
Gl JSas com cuiy @ banlp ool 51 SO 2 bl sd e cdl ol 5l g IS slaagy ©)9e
o Nlgien 5ok elgl dgdoo g3l b5 sl 5 (Lo by (s GeseS bl by flse Sp
Warren, ) ozl b, b gl )8 slabies 5l (gloylus 5 o5 lsn 5 ol b olalios o baigy ol igh o
aws Gl 4 slo,B ol liwiss 4o (2006 clale ol38l e YU psed ol o S Sas
ey 4 sl lbow WL aisd oo s (Abyat et al., 2019) el onis llae () jo S
SiS sVl 4 Bl slabs wald Sis (D 23,5 o0 Gl (>l 5 gl g4 g0 @ Lol

AY



Y O)LA-MJ Y4 0)30 s\f‘a ULH.M.IL'

e

A & .t R Yy
a8yl 60 )5 (omlidiee) I ) Zar ol

adllas ales s 43S p e ojlaen o laslil
tj...&u; U’“"j) \))..v)ls as (Y‘Y‘) u‘)l&o.b 9 Zhang
o).._’>é (SOC) Jl} Gﬂ U")S LJ"M 6‘).' |) 6’9.0;.9
Spe Iy ez 30 SES S5 adee S s ead
by &S ol plis eyl b wisly 13 Ldosga, o
50 089 3990l ool 380 i5lp 40 Jgers (5 Lol ps)
STy S @y wile Lelse ol 5L axc
3 S0C 0235 (e gemad lp «S9le)90835 52,
ol (Zhang et al., 2020) &g oolaiw! 2w 5" 3ble
bo9s® sladue S8 (o)l a5 wad oo (LS £9d9e
(Y+YY) Mielniczuk 4 Bronowicka-Mielniczuk
Slp Iy e sla pmsls PP VUL LN PR T
gs.’L.?';B)‘) sl Jow e sllaz sl (5,505l
LA b lpl drng Bos b adlas ol aiols aswgs
bosd Wit by, (ood o Sles (owp Gl
Sy el b obiygye sl Jaw g 0als plxil
oo oadquyp slojlne a5 oad lge ragh
uos) Sl el 00 Lbu—‘ QO QSJ 4}94 05..5[.;
Oisre «SEPH G ms8 e sl e 2bing)®
olad LQQT C—'L‘" ols 18 anlie 050 |, pad g el
Gote 08 8)lse 5ST 30 Jgoans Sz S 45 ol
Glaps ol oly lid o5 51 Ko sla oy, 4 Cas
s RBF) cles oy b «(NeN) aluen op 5 S50 3
23)S S 1y SasS bd plpl glbasls
L sleylao 3l colatul a5 WS g e
[ A 0 |) QISA‘ dﬁ‘ QM L ‘(_gol.e‘.;dﬁ
a4 S by SLSS )l sl sla o)
Cowd

Bronowicka-Mielniczuk and ) &4l

Sas L (Y+YY) Jiang e (Mielniczuk, 2023
» (SOM) S QT oole Slgizme (380 (oS
aw o 1y ks bgys s (Jow Joe slaS>
sxia VP adlas pl 0 0,8 Jleel (S ulide
Cds dwlio glp S She e VP 5 aoxe

AD

GV ol pd shzl,s ol 5 oas
Wgds o 0ddline pulasllygn CYU SGo3 j0 0nd Stz
Sy o8, w3l cuw a5 (Abyat et al.,2017)
Jiod 5 bl yd & S e ol (el Gelol>
St S el ond L 59,5 lapligs (il @ o]
@lrats 4 5l Sl T aeal 5 mle nl S
Abyat et ) wib o dilhie ol Slaogas 5l 580
b SusSl, sloaiss ags divl, pean 4o (al,2021
slogialS 5o GIS 5 lad Ll sless, 5l o
Mir-Abdallahi ) ¢l atsls ol 0,5l

.(Hasanati, and Amiri, 2022
@ SE sla Thy G it asllae sl

Sore 3 el Bl > 3 ol 8 Jds
slodls ;5 goaste sla gy plsl 4 jomie 55 ,5L88
Rl 4 Wl oo (6 pdy et (nl S0 Sl ol 15
S35 Sy I aSs (Sogl b IS
WS SLly SaSJlal slaptiansST 4 olowss
Bronowicka-Mielniczuk and Mielniczuk, )
L(Y-YY) o ,Ken 5 Selmy ais; cpon ,o (2023
S go5 lbpadd s b))l ey SBoe
5 ety slogis, 5l S alerdisS 5 slo S5
S oy o] 5l S byl mls s S esliul GIS
5 eyl Cledbl suls 0dgi S sleasas
Gl 5 S (590,02 Sente Sln 330 (55,9laS 3590
208 Gl @Yb el g amsse )] Zudgacs
g b uzee (Selmy et al., 2022) s co o
(oo paid glp cawbe g, bl Cawnl w
awlio & gy 0 (Y-YF) o, Kee ¢ Behnam
(Hyere Siez Sl gleloee; iz glabs,
N SIUE X JRVCHUN S PN PRI SIS
olis byl laamsly wimsls S alols 503
PH 5 JT 025 sl Jyome S S35 g,y a5 ol
ey ke g ) w0y gl ool Sz 565 g,
Sz, by 9 S Gyed @lp ol Siom S
slaghy) e boawlie o b vy Gl (Joene
L .(Behnam et al., 2024) wog Sewlio oo asllas

Slaghy, &5 ws e Glis laiagh (S p (Jl ol



Y O)LA-MJ Y4 0)30 s\f‘a ULH.M.IL'

e

A & .t R Yy
a8yl 60 )5 (omlidiee) I ) Zar ol

S8 deslie 590 aslllan 3,50 ailain Slalbow sl S
Gy Joe o 38 das e aslone b e 20528 )5
@l )5 ans aslllas )90 adlaio jo yally 2 Iy
2 sl & Lboge Jae el 5l jshaie ()l
Loz xs 597 (sloacds ol oolawl g odal Cewas il )b
S saools s Dglas @dly ;o casllas 8,90 adlaie )0
bl ploi jo Iy odds S S sleosls 4 =
Ol oo asai pl 5l eolaiwl b iy oo (peds J a8
A8y 5 (o) anlllae 890 dilate ;o ) e 505 092
Dadisw dguo | eolazwl 5,50 o oo
o gy 9 dlgo ¥
axjllao o g0 adlaio —V-Y
Obewjs bl p3 olpl @2 Coiz )3 eelaall g0 VB
. @Lﬁ‘f:} 2 00505t ;0 OYU pl .ol ool éﬁ‘j
YO YO Sléla> Job g Jles YO FO7 JIYYC
Y6 (UNEP, 2001) s)ls 13 3,5 FV° o7 I
dibaie jo oal8l a5l o Jlozmen 3blie 5 pelaallgn
Sailadlaie cpl o (5L Gl il 8 Sis 56,8
Ol s oS! 1 3 SGo 3 aS Ly owlidlsn slaosls
3,90 ddlato 10 AYlo poxd Sl (ol 00gy ddlaio
ol el bl o o o YEFY Jolro aslllas
Y1 Lo iSlas Sk o) 5 il az 0 YO/F adlais
Al oo a0 VV/F Lo J8las S0k g a0

Tls Jols 50 055 CuaBas 4 g b pliwes
b3 g 9 pS G w9 e VL sled ()0
JSis g calio Lyl sl ey slao!
5 gl b el Jols g slo,B glabuw
ssalie o] g5z (15 50 5 peliallygn VB Ol
ol g om0 ol Ss Sl dalew () aisd oo
5 Cuxdsge VS (Abyat et al., 2017) wlasl
el 00l ooly ylid dslllas 390 ddlaio 0dgute
oled ¥ S8 50 aode O g0 4 Ghaghy bl J> e
D9 o 0318 Fsgi plaS e delsl jo 4 Conl oal ools

AF

S8des 5 992 oad ooliiul (Sliygye Sty i
@byl Bl (e liel (s, 5l sl b b Joe
Oge Sy Sz S g RK)Ggew 55 S 5 o0 8
(oS slayeita Jdo 4 (GWRK) oLdhiz o
CES dguge 5 WS i e |, SOM (glgize
(osSan alols (moys b dumlin jo dagl i
Slabozraiz 5 gl Glabozaizr (et wb &y
ol e Stls Sy e e & e
26 EH 5 J5 03y aiile) SB- Sy slopeie
st (518 i &) Cond 2l (S 2 5ol
Jiang et al., ) wog L)l (0, 5 ol gl aiile)
2022
bosye ae) o 09,8 Sldllae plxil (8 Je
st 4 S sl gy 05l ST slo S
bogs @be slaghy, o WS mje @80
9 o B b el Ghegh ) cnl il
165,99 b el 5o (2lisgys Bt slahg) alic
(I o i o iy oSal S 1Sy S
(Cusb) 5 6l (ogase (1)g oot iz Cund
W8S Sge pelaallypr SYE jglre sho,B laln
S pe slp o ally (nl (Gl (6 pdy ot (il Een
g tasdl ol lus 2als ( aecen ) ol e
aibio 6))5laS lagee; o SL e S
Cavgams | 25U Gl 4 arg b col Sl
il 2 Regk l aST (2hisgye slagty, 5o laesls
b ol gl glas qjs o5l 5 g, cds Glojesr
sy S proal slp SYL B b sloais ags ol
09 Sy sekite (ul sl 095 @l 2 (o o
Inverse Distance ) woSao alols  23:y59) o2kad
Radial Basis ) <l 4l xls (Weighting
Global )
Local )

Gyl lalezai>  «(Function

e Gldezaiz
el hosy® slgbs, 5 (Polyinomial
Kzw,S «(Ordinary Kriging) Jsese Kizw )S)

(Polyinomial

Universal ) sle K> 5 «Simple Kriging) eolw
Empirical ) gy o, Ko,S 5 (Kriging
SO 4id ays slp (Bayesian Kriging



]

B3 - . - a & . N . "
YO)LQ-MJ‘\? o)so‘\\‘%) uL......uLu 4..5).““.) ‘_go)g)lssmew.o) ﬂf;’d'/’k‘:ﬂwb
L

47°30'0"E 47°49‘O”E 47°59'0"E 48°0'0"E

7°40'0"E 47°50'0"E 48°0'0"E
N £ 3'0"E
i o L
wéa E 3 LZ
o o
s B e
= &
=) L
N
Legend < FE
v g
¢ Sampling points =] L
o I
D Study area R -
Khuzestan &7 P G\ 1 12
e =1 N e S N
R Glomelers w0
J Iran T oozzss 9 135 1:" i N

450 53 30E 58 TOE 6421 0E
A o 2y (S92 IR ‘5)‘¢).7445.o.' bl (b) 9 d.vJUa.mb)}n aalais u.:.vﬁ}a (a)—\Jiw
Fig 1. (a) Location of the study area, and (b) sampling points on the Landsat 8.

gl guiaiug
Slbilolle o almoolle

................. B

i glasie | ¥ |
_______________ S | & Gappatels |

i|! i

wildsy® ! - 1

17 —l : i Sl Cugb, i

o . ; ;

Sl (e s : ; :

! | i el o i

| i

[ i Sl asggs | i

i ! i o S sy
N/ ! |1 i
[N S wbskaly 1) § ‘ ;

ohay e icmlie LT : i ) SR
; !

; ple Sz Stz 0! _ !

[] : il Sl !

4L ! 1 & i

N/ ; o | !
Dbt 0 A B T I T i

s 9357 Al dug ; 1 !
e L o s !

; o asls yog !

. I

! ; i

! o ! ;

! o) i

s ol oo sl <Y S
Fig 2. Flowchart of research steps

AY



Y O)LQ-MJ Y4 0)30 s\f’a uL;.m.IL'

e

wra N . &
a8yl 60 )5 (omlidiee) I ) Zar ol

Selime slobs,y o Consl lginsl oy (e alold aile
SpSien Ay ) ey (S glad LSl 5 mse
sigy opl o aS sl by, (Dargahian et al., 2020)
(5“00)5 ‘G’.Id U’“"?) g).AL..u ‘A...J)f )‘)3 oolaw! S0
9 Sl labozaiz (olad b @y (gSae alold
Loge sohy,  ezes (e lalezaix
Siez S« Jgome Sz S 5l wisjle oS (6)ll e
o.)Lé.’Z.»»‘}.y'“_g}f,g & %;5|"L‘: &lﬁq;’:’;wob
o oolatwl Arc GIS |l58le 5 51 jokaie cpl (gl .0u0,8
T paite yob 4y dalol )5 eolatnl 8,90 slo g, .conl
A aulgs eols

s oy g,y -V-F-Y

Ll 5l 0,90 pdaw o ol akd sla b, 5l Gon
S P Az by Caled plie Gululy ¢ pTeslul
Qo g0 4 ozhd sl s, .cwsl (Smoothing)
2 Nadioe Ganaies 38 5 38 sl
Gl paiged polie wlie wsd polie 3.8 slo s,
(fld Al s g GegSae alold (2559 wile Wil o
&S gl aldS olay, & B50,8 by, s
el Oglaie (g,l0 pdiges polie L oS polde
e Glbezaizr 5 usSae labezaiz la by,
Khosravi and Abbasi, ) aiil o 385 e o s,
2016

G0 pdiges 9 o)y Gldos -Y-Y

ey g w08 331 Gl wised PY tagh cal o
olai Ojgo 4 C8s uli8l ol baiged cpl clils
Ol el oul Clllo  (Wges A 1 coS ) S e g
Jlwole oo 10 9 S (650 il +=VD Gos 3l lndiges
Gl Gla55 4y bddiged (SauSTly 0o 8 culloy VYAF
odgy S3leSe Ojge 4 ) Sllllae aihis mlaw oS
bl 385 cosmdse gl lp uizren aid oo
oolatwl GPS 3l dallas 5,50 dilaie ;0 (5,0 pdiges
bl 5 adlae 0,50 ddlaie Couxdge ) G L0008
a0 lid 1) (5,18 paigel

naizos ASE o] sla 325 YT

Sleogas ¢ pSoilul cur baisel ¢ pslaex Sl
s 5l o g 00l SiSlsa adiged (bt (S0 58
b Slaogas 3ol oold jaue (6 e o 90 S
Olye (V) Jgur 50 &5 n5 250 4 badiged (olond 4
3 5k 050 bl ol g uSeslail el sus
Slenl e ougd olBiils (63,9leS casiiils olKile ;]
RGPV GAES

SLogye -F-Y

S s b G 8 so¥l g sskaie &
ol (g)lelire; 9 orbd (Dbgy® (29, 5 dmossy
i baly) p i (28 (2biogy0 slaghs) g o0

oolitul 850 slo by, 5 S slaosls allisle;l syl -V Jsax
Table 1. Laboratory Analyses of Soil Data and Methods Employed

Method Analyses
Sodium: Determined by flame photometry, Calcium and Magnesium: SAR
Determined by titration with 0.1 N Versene(Lanyon and Hartge, 1982)
Precipitate Formation in acetone (Nelson,1982) Gyps
Titration Performed with 0.25 N NaOH (Page et al., 1982) CaCos
Utilized standard cylinders (Blake and Hartge,1986) pb
Obtained from saturated paste extract (Rhoades,1996) pH
using the Walkley-Black method (Walakly and Black,1934) oC
Measured in the saturated paste extract using a conductivity meter and EC.
expressed in dS/m(Rhoadez,1996)
Drying the sample in an oven at 105°C for 24 hours Om

Hydrometry method

Sand, Silt, Clay

AA



Y O)LA-MJ Y4 0)30 s\f‘a ULH.M.IL'

e

A & .t R Yy
a8yl 60 )5 (omlidiee) I ) Zar ol

ooliinl b s ol ey sl g,y 5o ol S Sl gas
Ol Jlade 5l B8 ()lg e 0l (5l pdiges bl |
ol plol canl 00l (518 paiges a5 Hlo S (o il )l
S9a3 3550 hgy I b lgiee 1y s il g (e
Gy 0920 oy > (Selmy et al., 2022)
oolinl Las i b ol S 53 s 51 Lol oy 5o Laosls il
ol aals 10l o e adlge ds (gl 1,5 gy g 095 o
Sy Sill) albewl b i (Range of Influence)
oS ol glalols (3G axels (Nugget Effect) glasks
Sl ey 5 Bl Gl g @ oSy foges ol 52
oxaonlis gl cpl b e SGop (col) 8l
O Sylobe S San ] 50 a5 Conl (glosgass
oS 5 550 8l el o)l 0ezg ladiges
ol gy alinT b G ol cdYs SlSe Siwsn
o 55 axdls 08 L o #lTs s Sloges 45 Cund
Lol ailiw] jlade ool oo Lialidl K00 g dwy 0 ]
o0l (5l paiged swodls Sy i) bly JS
kles pl550)ls Jlaged Conl (o )0 (F 50 Eun
[T IS S R L R T
Slcwl osls o Liagl Wy, dg2g pac campsylid
obas 1 Tas alaii o pl o lg e yol)b ol o slabais
oLl sl i wl e sl Tyl clls s aes oo
5 ol o 5l 5555 labis 1 e Ygane ciouadly
NUPCRCH SIS (K SETT ST QTN [N ICTNN R
Khosravi and ) swe Sl jbsle w86 5 Solas
(Abbasi, 2016

S goro Sy ;S-V-Y-F-Y

ool @llome; Gl S Jyeme S S
035 1 sl O 5y wdlios ol 4 Aty il
oslwl ot 48l 390y O
.(Kabolizadeh et al., 2023)

Sga 0

oolw Kooy ,5-Y-Y-F-¥
B S5 S 4 Kess o ool Sam S
Fotouhi Firouzabad and ) o5, o ,lei & jlo:5s
bl a5 Ll b s Ygere 5 (Maleknejad, 2020

Oyla 0,5 il alils 892y (Kl 0y50 yo LS
.(Khosravi and Abbasi, 2016)

A4

e alold 2ocyj9 —)-)-F-Y

S9) 5 Dy LU ()59 wgSae alold (230159 by 5o
ol polasls Ll oy alols olulyy pslasl alas
&ly 3 Dgdoe S (B30)9 Oly Lawgs a5 098 o
Dbyl g CuxBae g 0l Connl laalold Ladd G, ol o
Kabolizadeh et al., 2023) cils salyss 5,50 bl
(Asghari Saraskanroud et al., 2021;

Sl Al ailg —Y-)-F-Y
by ooles 5l oo ool il mhaw bg, cpl o
P03 b Oy ol Dl S e e slovalin
5 Gt ool gy ol o 45 el oyl alols usSas

mhw jo Glodslin polae J8las 5l paS L g Sl

Asghari Saraskanroud et al., ) a,ls 04> puoss
(2021

Sl glados s -Y-1-F-Y
Wgod LG 9)0 )0 Slpds a5 Shge ;0 )
STV SV, DU EP PR Vel KRV WX WS N
g Sl ol 55 S sosls 4 (6 el p glalozai>
Ohy onl 5o b lsen LSb) gl S ol @b

Sle 092y mhaw o oo, laady, Gisled oSl
.(Kabolizadeh et al., 2023)

‘sl.zo Slaos s -Y-)-f-Y

Sl piged Bl (50 (oo Slpnti & (Syge )0
u—" Lol cawlin 61.7:@ Slador iz il wal oo
ol 5o Gmizen il oo ples Slaen alold 4y i,
b 4 @l ol o b Sladozais &b paiz b,
PE RPNV PP JURPRVIN SIS V] WON-JE VIS IPLY
Asghari ) aas o @l o5YL s L mshaw
(Saraskanroud et al., 2021

Sololimo slosbgy —Y-F-¥
Slp cwle Gyl belome; Sbosye slogs,
Slaalie o ol (e g5 il Jolodigd 25
Lo glas Lol jon olioys)s sloadds sbul 5 slabhais
S5 o ybs, ol .(Kabolizadeh et al., 2023) ol

LSfIA))—A—A—L'? LS'& djﬂ‘ d.:.an.a 6‘14 ..\...04)..\5 609....»



Y O)LA-MJ Y4 0)30 s\f‘a ul—MMJl—'

e

wra N . &
a8yl 60 )5 (omlidiee) I ) Zar ol

Ak o Wmosls (xSl 51 (sate) FipS b g (Culte) i
a2 g0 Giuled 1y Lo ol doles oY o, les ala)
MBE = Zit1(Z"(x)=Z(x)) (Y )ala
= ~ 1,

Sode Z el oads sanlin Jlode ZF alal, pl jo
Lol duolae jo 15 0 bl slawsn g oo ol yg )
OmSoleo &9 w0 Bl il -Y-0-Y
Wil 5SGop ae &4 RMSE  polie ojlal j»
Shls sas sols o3l Jow a5 el ] sammslis
Slode dewlbre dis,b Yoo lod alal, el (5,5 0, See
:(John et al., 2021) sas o oLis |, RMSE

L1 (Z () -Z(x))?
n

RMSE = J (Y)alal,

oy g bl -Y

Sleogas ngin 48 4 slp Ghegn orl 5o
slaghy) adllhas 850 adlaie Glalua (olionsSy s
NIV R SIS R
&_ia_a.?u; ‘Glm Lg‘c\lpm 9 6).M:|J,w 6“\1“’")“‘7
Sz ,S g ple Koz )5 ol Ko )5 ¢ Jgore
Slass Sz p 35 18 pwyp yee (S 2
Alwd g0 A “'\M’L’g_g‘ 4\49.4.) £¥ a5 colaiul S)90 6[.%0&‘»)
igal Sladiges lgie 4 ged B0 08,5 (G pumds
MS; )‘)5 oolarul )90 Gﬁbus)\) 6[.@4..».9.’ colw ‘_g‘).' 9
8o R ‘5‘).1 S 6Lmoa|o ub...c L 4.:94) V¥ 9
..ne)f oolawl ouds .\.Jy slbasas
Sz S slaghy, wsilelime; Jelodisaszs o
&5 Jby sk & L"')‘°“ Losls as” i)l 0,8 Sle;
WAl oy ooy ogs Jle i ool cases s ail ool
oolatwl pl Fgind s Q-Q plot loges 51 jslaie ol 6l
Wl (pSiles Jolis a5 g L] Cirogs Cpiman .000,5
o Sl g JBlas ((SanS (Mo uibyly wn
allas 0,90 S plem 51 B aS oy lis b cwy
5 i Sasby senie wdr S (IS wiile
log Joos 5l azmiys wivg y990 Jley mish 5l o9
s ool oyl o3l Jle s sl

ple oz ,5-YV-Y-F-Y

S ez il alils 0429 Wig, Waosls jo a5 Sl
4 D)go e N, 08 ple Sz S ks s 8
Sgd oo Bdx osly 5l g Slulil bosls o 35240 iy,
JESIIN 255 o0 plol ools cailedl bl ed g
Ngd oo ga> et polde b ol Bd> iy, polie
.(Khosravi and Abbasi, 2016)

G 07 Sz S -F-Y-F-Y

el 4 (65l (30 S @ oliws sl gy o0l o
@S Sz S by o ey e laylly ol
Oyge & §ilwdnd anlp o o byl )b ol (s
sy slo b ol ;S0 Sglis wisd oo s 5355
@ bgye glallas g, cul )0 a8 Canl ol Koz S
Farnia et ) 545 oo 48,5 a5 10 55 Led yuudd o 8,91
(al., 2018

s s -0-Y

Sloslainl b ouds adgs slaaia oyt o ,See cdo
bl (Cross Validation)  plite  ovewloel
polie fhlie anglie b ool 5)50 sl Jow 098 o0
lie WpS e SR Sbl yee Jleixl slallas
 con onl e Ol oadiaulne (i slas
Syt (5l it g haled (sl Joo LT 45 w0 o
Selmy et ) 5 L col calie S S5y o S5
(al., 2022

b slhoyud (il s -V-0-Y

B g oy Ve Como sdo )l Uas (] jao lade
O oS 5l (S asl ansls alols yao 5l ol Jlade j08
| Ul dlins 09565 ) 0 Lot bl el Jobo Como
A o ylid

1127 () =Z (1)
n

MAE = (1) alal,

Uas G ol (puSilae —Y—O-Y
5 Slovalie slolaie o B #dly o Lxs oyl
e aslse (pSiloe 5 Blol Sl g Canl (e
3591y eammoplis o5 wil ke b ot Wlgioe



Y O)LA-MJ Y4 0)30 s\f‘a ULH.M.IL'

e

A & .t R Yy
a8yl 60 )5 (omlidiee) I ) Zar ol

aalllas 3,90 dibaie S (sl ol )y (6lel Chrogi-Y Joux
Table 2. Statistical Characterization of Soil Parameters in the Study Area
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Table 3. Interpolation error of soil parameter maps in the study area.
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RBF 7.63 5.41 217 35 RBF 026 022 -0.03
% LP 7.62 5.74 -1.74 % i LP 0.26 0.23 -0.05 m
OK 7.98 5.80 -2.13 ::J OK 0.26 0.23 -0.05 &
SK 8.65 6.45 -2.28 3, SK 0.26 0.22 -0.06
UK 7.98 5.80 -2.13 2 UK 0.27 0.23 -0.06
EBK 8.20 6.07 -2.28 EBK 0.26 0.23 -0.06
IDW 0.24 0.20 0.07 IDW 1.39 1.21 -0.56
GP 0.22 0.19 0.05 GP 1.64 1.37 -0.66
= RBF 0.24 0.20 0.06 v RBF 1.35 1.12 -0.53
35 LP 0.22 0.19 0.04 - %, LP 1.31 1.07 -0.60 é
% OK 0.17 0.16 0.04 % OK 1.28 1.01 -0.4 =
SK 0.2 0.16 0.03 SK 1.32 1.13 -0.51
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GP 7.38 6.38 -2.29 GP 11.95 9.57 -2.42
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