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4- Geostatistical analysis
5- Transportation
6- Back transportation
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1- Data mining
2- Classification and regression tree
3- Geostatistic



IAR(F) ojland 3 +) s plasly g 9 S& Capaite @y i

Sladsls (A ol T Spe ool s S

o2 s

LL&A.:.? 9 Qyﬁ cé\w\é LSLQQ.JJ

ade 5o ol Glew ladss
el Bl bl aadlass, e eSS
5 e il o3y 55 53 (B1) LS sies,

s 37 5 e il
o se s 2R s g4 25 5 Shke Slalllas
S el b Gre sl ¥o b v Ges) Skt (sl gl
ET Geowizard « 33l 5 sslas (g)ls pasad (os,
Jos 5 b ArC-GISI0.6.1 i3l laome 3
Tl Cliomise i L laalie ek Vg0
D3 SSES Taa 5l L () JSE) s Sl
Sragke YOS Sl Dse s OdesS e
03 Lol Gas g plbers 5 S slaa e
G4 Sbocil S bl K5
o ol ods Sl S s (V) (6 e s
S ow Jl S dess (©)) Opml i s
SSesll (07) 5 Osemltens L S = S
b e laine (picmbe b3l w38
RStudio SRl Jaome 53 530S 51 eslind
serle gy 5 VIF? a5 1.0.136 e

PO Voo .
Qﬁﬁu\-_{@)ﬂ wﬁ.:l.i)\}c)‘y

2- Xeric

3- Thermic

4- Inceptisols

5- Entisols

6- Global Position System
7- Variance Inflation Factor
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1- Java Newhall Simulation Model
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Figure 1. Location of the study area and observation points.
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Figure 2. Flowchart of the study in the study area (developed by :authors).
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4- Invers distance weighting
5- Ordinary kriging
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Table 1. Statistical Summary of Soil Properties in the Study Area.
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1- Exponential
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Figure 2. Parameters and the most appropriate model fitted to the semi-variance soil properties.
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Table 3. Validation results of spatial modeling of soil properties.
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RF, OK, IDW, SOC, CCE, Clay, Silt, Sand in order Random forest, ordinary kriging, Inverse Distance Weighting, Soil
Organic Carbon, Calcium Carbonate Equivalent, Clay, Silt, Sand. The most appropriate model is highlighted Compare to the
rest of the results.
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Figure 3. Spatial distribution of SOC, CCE, Clay, Silt, and Sand contents using the best prediction model.
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Table 4. Environmental covariates used as predictors soil characteristics.
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Abstract

Background and Objectives: Accurate and detailed spatial soil information over the landscape
is essential for the precision monitoring of land resources, hydrological applications, land use
management. The present study aimed to predict the spatial prediction of SOC, CCE, Clay, Silt,
and Sand in the Qorve-Dehgolan region, Kurdistan province.

Materials and Methods: Qorve-Dehgolan region, with mean annual temperature and
precipitation of 12 °C and 348 mm (20-year statistical period), has soil moisture and
temperature regimes xeric and thermic, respectively. A total of 145 samples were collected from
the topsoil (0-30 cm) based on a random sampling pattern. Then, all of the soil samples were
transferred to a soil laboratory for physicochemical analysis. Random forest (RF) as a
nonparametric model and Ordinary kriging (OK) and inverse distance weighting (IDW) as an
interpolation method were used for modeling the soil properties and their spatial
autocorrelation. All steps of modeling for RF and interpolation methods (OK and IDW) were
performed in RStudio, ArcGIS and, GS” softwares, respectively. A total of 30 environmental
covariates, including the Digital Elevation Model (DEM) derivatives in the SAGA GIS 7.3 and
Landsat 8 satellite reflective band data in the ERDAS IMAGINE softwares, were developed as
environmental variables. All of the environmental covariates were resampled at resolution-30
m. The most appropriate covariates were selected according to the variance inflation factor
(VIF). Modeling of soil properties was performed according to 80% and 20% of data sets,
respectively for calibration and validation, and two statistics of root mean square error (RMSE)
and determination coefficient (R?) was used to determine the accuracy of the models.

Results: Seven variables including SAVI, EVI1, GNDVI, RVI1, DEM, Channel Network, and
TPI were selected from the 30 variables prepared as the most appropriate auxiliary variables
based on the variance inflation index. Four remote sensing variables include the soil adjusted
vegetation index (SAVI), the green normalized difference vegetation index (GNDVI), the
relative vegetation index (RVI) and the enhanced vegetation index (EVI) and three
geomorphometric attributes including, digital elevation model (DEM), vertical distance to
channel network and the topographic position index (TPI) were the most important parameters.
The results of modeling showed that RF model for soil organic carbon variable (R*=0.5 and
%RMSE=0.4), calcium carbonate equivalent (R°=0.4 and %RMSE=11.61), clay variable
(R’=0.21 and %RMSE=5.65), the Silt variable (R*=0.15 and %RMSE=7.24) and, Ordinary
kriging methods for sand variables with (R*=0.14 and %RMSE=10.26) was the most accurate
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than RF and IDW models. Among the semi-variogram models, the exponential model had the
best performance for soil organic carbon, clay, silt, and sand percentage, with the exception of
CCE which follows the spherical model. The results of spatial autocorrelation showed that for
both variables CCE and Sand had a strong class and, the others had a moderate class. The
highest values of the semi-variogram sill were related to the calcium carbonate equivalent and
clay, and the lowest values were related to the soil organic carbon and sand contents. These
results indicate that, the existence of a random pattern or weak spatial structure in the samples
that used to calculate the experimental semi-variogram. Among the seven environmental
covariates were used for spatial modeling of top-soil organic carbon, clay and calcium
equivalent carbonate, the geomorphometric attributes such as DEM topographic position index
are of the most important and NDVI, SAVI and RVI covariates were more important in
predicting of sand and silt properties.

Conclusion: Generally, topsoil properties had moderate and strong spatial autocorrelation, but
the spatial prediction results were not highly accurate. Therefore, it would be recommended that
in future studies other sampling methods like that Conditional Latin hypercube or stratified
random and thematic maps such as geomorphology, geology, and soil map units as inputs for
spatial modeling toward enhanced modeling performance will be used.
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