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Abstract

Digital mapping of sand, silt and clay is used in the design of irrigation systems, land evaluation and
soil erosion models. In contrast, the quantification of the spatial uncertainty of the mentioned soil
properties provides users with a criterion for the reliability of these maps. For this purpose, in this
research, two sources of uncertainty, including the uncertainty of the variation of the available data and
the uncertainty of the model, were investigated using the standard deviation criterion. This study was
conducted on an area of 57000 hectares in the Ravansar plain of Kermanshah province. 120 observation
points and derivatives of DEM and vegetation and parent material indices obtained from Landsat 8
images were used as model inputs. To estimate the uncertainty caused by the variability of the available
data, the random forest model was run 50 times based on a random split of the data into two categories:
training (25%) and validation (75%). The Quantile regression forest model was used to predict the soil
properties and to estimate the model uncertainty. The results of validating the predictions of the random
forest model showed that the value of R2 was 0.47, 0.38, and 0.27 for sand, silt and clay, respectively,
and the RMSE value was determined for sand (8.61), silt (8.25), and clay (8.1). These results show that
the predictor variables explain the changes in sand well, but the ability of the random forest model to
predict sand is lower than that of the silt, and clay variables. The results also show that the uncertainty
of the variations in the available data accounts for about 1/4 of the total uncertainty and the uncertainty
of the model accounts for about 3/4 of the total uncertainty. Since the model uncertainty accounts for a
larger proportion of the total uncertainty, the machine learning models need to be carefully selected to
reduce the uncertainty.
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Figure 1. Location of soil samples (n=120) and the
studied area in Kermanshah province and Iran
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fSac;g;an Environmental covariates min max mean mathematical equation
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Table 2. Statistics of sand, silt and clay

Shapiro-
Soil . Unit Min  Max Range Median Mean Varince Stan_d ar d cv Skewness  Kurtosis wilk
properties Deviation Test
P-value
sand % 169 6221 6052 13.78 16.86 1444 12.02 7129 1.36 1.75 0
silt % 15.74 64.15 4841 38.69 38.68 885 9.41 2432 -0.11 -0.32 0.78
clay % 18.03 60.78 42.75 4475 4447 69.28 8.32 18.72 -0.7 0.66 0.004
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Table 2- Selected Covariates as input to the random forest and quantile regression forest models to estimate the
sand, silt and clay

Soil . Adjusted

propertise Importance covariates R?2
Savi , Diffuse Insolation** , Diurnal Anisotropic Heating. ,

Sand Mid.Slope Positon , MRRTF* , Stream Power Index. , Terrain 057

Ruggedness Index .TRI. , Texture*** | Topographic Wetness Index. ,

Valley Depth* , Vertical Distance to Channel_Network***

savi., Cnr, Diffuse Insolation***, Diurnal Anisotropic Heating,
Silt MRRTF, Topographic Position Index*, Valley Depth***, Vertical 0.41
Distance to Channel Network

Gsi*, Direct Insolation*, Elevation*., Melton Ruggedness Number*,
Clay Texture***, Topographic Position Index***, Valley Depth**, 0.41
Vertical Distance to Channel Network*** | Ronr*
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Figure3. From top to bottom, the graph of the number of trees versus the error in running the random forest
model with all the data for sand, silt, clay, respectively.
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Table 4. results of cross validation of random forest model based on all observational data

Soil propertise

Validation measures

RMSE MAE R?
Sand 8.7 6.51 0.47
Silt 7.65 6.14 0.38
Clay 7.48 6.02 0.28
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Table 5. validation statistics of the random forest model based on 75% of observational data and 50 times of
model execution

Validation measures

R? MAE

RMSE Soil propertise

0.51 6.0

8.61 Sand

0.26 6.51

8.25 Silt

0.12 6.38

8.1 Clay
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Figure 4. Right - from top to bottom, the sensitivity map of the model to the variations in sand, silt and clay soil
data obtained from 25% of the data and 50 times of running the random forest model, Left- from top to bottom,
predictive maps of soil sand, silt and clay data using random forest model based on 75% of the all data
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Figure 5. Right- from top to bottom, the model uncertainty map in the estimation of sand, silt and clay using the
quantile regression forest, Left- from top to bottom, the total uncertainty of sand, silt and clay estimation
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Table 6. The Statistics of percentage of uncertainty of variations in the available data and the percentage of
uncertainty of the model related to the total uncertainty

Ratio of uncertainty of data variations and model uncertainty to total Min  Max Mean
uncertainty

sensitivity SAND/Total unc_ SAND*100 15.8 39.3 25.7
unc_SAND/Total_unc_SAND*100 60.7 847 74.3
sensitivity SILT/Total unc_SILT*100 138 39.6 24.8
unc_SILT/Total _unc_SILT*100 604  86.2 75.2
sensitivity CLAY/Total unc CLAY*100 11.7 40.7 26.1
unc_CLAY/Total_unc_CLAY*100 59.3  88.3 73.9
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