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10- Cubist (Cu)

11- Data mining

12- Support Vector Regression (SVR)

13- Artificial Neural Network (ANN)

14- Root Mean Square Error (RMSE)

15- Determination of coefficient (R?)

16- Conditioned Latin Hypercube Sampling (cLHS)
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1- Soil Organic Carbon (SOC)

1- Geographic Information System (GIS)
2- SCORPAN

3- Digital Elevation Model (DEM)

4- Remote Sensing (RS)

5- Expert systems

6- Unsupervised classification

7- Machine learning

8- Decision Tree (DT)

9- Random Forests (RF)
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1- Stratified random sampling

2- Operational Land Imagery (OLI)

3- Normalized Difference Vegetation Index (NDVI)
4- Visible Atmospherically Resistant Index (VARI)

5- Ratio Vegetation Index (RVI)

6- Soil-Adjusted Vegetation Index (SAVI)

7- Modified Soil Adjusted Vegetation Index (MSAVI)
8- Normalized Difference Moisture Index (NDMI)

9- Modified Normalized Difference Water Index
(MNDWI)

10- Normalized Burn Ratio (NBR)

11- Normalized Burn Ratio2 (NBR2)
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Figure 1-A: The location of Urmia Lake and study area in Iran; B: The selected locations of the study area for mapping and
modelling in the east shore of Urmia Lake with sampling points (Number of soil samples= 131)
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Figure 2- The flowchart of method used for digital soil mapping in this study
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6- Out of Bag (OOB)
7- Mean Square Error (MSE)
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1- Salinity Ratio (SR)

2- Gypsum Index (GI)

3- Carbonate Rock Index1 (CRI1)
4- Carbonate Rock Index2 (CRI2)
5- Clay Minerals Ratio (CMR)
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Table 1- Descriptive statistics of soil organic carbon for samples used in this study (n=131)
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Figure 3- Box plot of soil organic carbon values for samples used in this study (Number of soil samples= 131)
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Table 2- Performance of RF and Cubist models in modelling and predicting spatial distribution of soil organic carbon in this
study (n=131)
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Figure 4- Covariate importance rankings for predicting soil organic carbon in this study using A: RF model and B: Cubist

model
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1- Multi-resolution Valley Bottom Flatness (MrVBF)
2- Topographic Wetness Index (TWI)
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Figure 5- Predicted spatial distribution of soil organic carbon in study area using A: RF model and B: Cubist model
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Table 3- The mean predicted values associated with standard deviations of soil organic carbon using RF and Cubist models in

2017
wHlai S Jw Comt S Jo
RF model Cubist model
(st oS 2.53 2.58
Soil organic carbon (%)
e ] 1.27 1.33

*Standard deviation

VY Jlo sl adlls pl 5> SB 08 0 gy polie Sibe o (sl Jlns Gl %
*: Standard deviation for each predicted mean value of soil organic carbon at the time scenario 2017.
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1- Soil ripening process
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Introduction: Soils are considered as one of the most important parameters to be achieved the sustainable
agriculture at any place in the world. Additionally, the digital environment needs to have a soil continuous maps
at local and regional scales. However, such information are always not available at the required scale and
mapping with high accuracy. Digital soil mapping (DSM) is a key for quantifying and assessing the variation of
soil properties such as organic carbon (OC) especially in un-sampled and scarcely sampled areas. Using
remotely sensed indices as an important auxiliary information relevant to the study area and data mining
techniques were the pathway to create digital maps. Previous studies showed that digital elevation model (DEM)
and remotely sensed data are the most commonly useful ancillary data for soil organic carbon prediction. the
importance of DEM and derivative data in soil spatial modelling, it was not carried out in our research because
there were no sharp differences in relief, and climate for that matter, across the study area. This research aims to
investigate the spatial distribution of soil organic carbon (SOC) in a study area in north-western Iran using 21
remotely sensed indices as well as two data mining techniques namely Random Forests (RF) and Cubist.

Materials and Methods: This study was performed on the east shore of Urmia Lake located in the east
Azerbaijan province, Iran. The area extension is about 500 km?. Based on the synoptic meteorological station
report, the average annual precipitation and temperature of the study area is 345.37 mm and 10.83°C,
respectively. Soil moisture and temperature regimes are Xeric and Mesic, respectively. Using stratified random
soil sampling method, 131 soil samples (for the depth of 0-10 cm) were collected. Soil organic carbon (SOC)
were then measured. The next step was to gather a suite of auxiliary data or environmental covariates thought to
be useful (and available) for predicting SOC within a DSM framework for the region studied. Then, a number of
remotely sensed imagery scenes from the Landsat 8-OLI acquired were collected in July 2017. The RF and
Cubist models were applied to establish a relationship between soil organic carbon and auxiliary data. Both
reflectance of the individual bands and indices derived from combinations of the individual bands were used.
Fourteen spectral indices relevant to four types of data including: i) vegetation and soil; ii) water; iii) landscape;
and iv) geology were gathered. Three different statistics was used for evaluating the performance of model in
predicting SOC, namely the coefficient of determination (R?), mean error or bias (ME) and root mean square
error (RMSE).

Results and Discussion: The results of the descriptive statistics of determined and calculated SOC for 131
soil samples showed that the mean and median values for SOC were 2.52% and 2.11%, respectively. Also, the
CVs was recorded 57.94%. Minimum and maximum recorded values for SOC were 0.83% and 5.22%,
respectively. The contents of SOC was left-skewed in the data set. The RF model prediction was quite good with
calibration (R>= 0.89, MSE = 0.16 and ME = 0.01). While, in the Cubist calibration data set, the Valve of RMSE
and ME were increased (R?= 0.85, MSE = 0.21 and ME = 0.03). In terms of R?, The RF model showed the
higher value (0.89) compared with the Cubist model (0.85) for the validation dataset. Generally, the remote
sensing (RS) spectral indices can successfully predict various SOC across the study area. The covariate
importance rankings showed that VARI, NDVI, CRI2 and CRI1 were the four important covariates to predict
SOC in the study area. Accordingly, the changes in SOC over space were not uniform across the study area and
also it means that the study area is very dynamic and evolved over time.

Conclusion: The results of this study showed that although variables and auxiliary data had different
importance in predicting the distribution of SOC, in general it can be found by modelling the relationship
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between them and SOC through the model. The results revealed that the RF model was suitable for the target
variable. Accordingly, the auxiliary variables had different importance in predicting the spatial distribution of
SOC. Remote sensing imagery, particularly those encompassing the combined indices played an important role
in the prediction of SOC. The obtained results also indicated that the Visible Atmospherically Resistant Index
(VARI) and Normalized Difference Vegetation Index (NDVI) were important to predict SOC. The current study
revealed that DSM using important environmental covariates can be successfully used in Iran which there is no
sufficient soil databases. This research also provided a pathway to start further works in the future such as DSM
relevant to the soil erosion, soil ripening, trace elements and so on.
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