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Figure 1. Location of the study area and sampling points
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Table 2. Statistical descriptive of some soil Chemical properties in the study area

. L . Standard Coeff_icig nt .
Parameter  Unit Minimum Maximum Average deviation of vaz(rj/lz;tlon Skewness  Kurtosis
0
n?;gg:"c % 0.9 2.91 1.24 0.58 46.8 076  0.35
Clay % 1.2 34.1 13.5 5.8 43.0 0.51 0.81
Sand % 30.7 81.4 60.4 10.6 17.6 -0.32 3.3
Silt % 1.4 56.0 26.1 8.3 31.9 0.12 1.9
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Table 3. The models fitted on the variogram of the parameters

parameter Unit Model CO CO+C A0 CO0/(C0+C) R? Spatial correlation
Organic Carbon % Exponential 0.06 0.42 600 0.14 0.31 Strong
Clay % Spherical 11 40 1000 0.27 0.31 Medium
Sand % Spherical 24 60 1000 0.40 0.39 Medium
Silt %  Exponential 0.10 76 600 0.01 0.86 Strong
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Table 4. The margin distribution functions fitted on data

Margin Amount of statistic in Amount of statistic ~ Amount
Parameter  Unit distribution the Kolmogorov- in the Anderson- statistic in the
function smirnov test darling test chi-square test
Organic % Rayleigh 0.080 0.744 23.712
matter
Clay % Beta 0.045 0.256 6.918
Sand % Frechet (3p) 0.102 1.842 13.17
Silt % Degam (4p) 0.017 0.991 10.6
LL 0.16
Organic matter (%)
X o
L o /
o1 /
Clay percent
X e
LL 0.16
0 \

32 36 40

44 a8 52 56 60 64

Sand percent

A4

68 72 76 80



VE) e ) oleds Ve als> S g0p)5 Slados

x
LL
.
\GT\
Silt percent
Azl 0590 (LB jario y9 &39d 2l il -V S
Figure 2. Distribution functions fitted on the studied variables
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Table 5. The best copula and correlation coefficient of pairs of points at the specified intervals for organic
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matter

Distance Number of pairs  Pearson correlation cooula Mean Least copula
(m) of points coefficient P Error (MLE) parameter (0)
400 215 0.75 Gumbel 39.11 6.171
800 188 0.65 Gumbel 30.45 5.989
1200 160 0.35 Clayton 19.25 3.561
1600 134 0.20 Clayton 9.14 1.961
2000 95 0.08 Independent - -
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Table 6. The best copula and correlation coefficient of pairs of points at the specified intervals for clay

copula Mean Least copula Pearson correlation ~ Number of pairs  Distance
parameter () Error (MLE) coefficient of points (m)
5.355 24.28 Frank 0.61 215 400
3.357 17.01 Joe 0.44 188 800
1.800 14.10 Gumbel 0.23 160 1200
1.128 11.25 Frank 0.13 134 1600
- - Independent 0.05 95 2000
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Table 7. The best copula and correlation coefficient of pairs of points at the specified intervals for sand

copula Mean Least conula Pearson correlation ~ Number of pairs  Distance
parameter () Error (MLE) P coefficient of points (m)
5.124 24.34 Frank 0.60 215 400
4.351 18.97 Joe 0.45 188 800
1.508 15.75 Gumbel 0.27 160 1200
1.123 12.92 Frank 0.16 134 1600
- - Independent 0.08 95 2000
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Table 8. The best copula and correlation coefficient of pairs of points at the specified intervals for sand

copula Mean Least conula Pearson correlation ~ Number of pairs  Distance
parameter (0) Error (MLE) P coefficient of points (m)
4.329 24.28 Frank 0.60 215 400
2.741 17.75 Joe 0.46 188 800
1.495 13.61 Gumbel 0.27 160 1200
1.213 10.81 Frank 0.16 134 1600
- - Independent 0.07 95 2000
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Table 9. The validation results of different interpolation techniques for prediction of the organic matter

Interpolation techniques RMSE R? MAE MBE
IDW 33.58 0.47 0.30 0.006
Ordinary Kriging 29.18 0.66 0.26 -0.004
Simple Kriging 30.19 0.53 0.27 0.005
Universal Kriging 26.14 0.60 0.24 -0.003
Disjunctive Kriging 33.85 0.41 0.31 0.007
Median copula 26.10 0.71 0.14 -0.001
Average copula 26.12 0.70 0.15 -0.002
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Table 10. The validation results of different interpolation techniques for prediction of clay

Interpolation techniques RMSE R? MAE MBE
IDW 31.93 0.44 2.64 -0.028
Ordinary Kriging 31.04 0.47 2.49 -0.007
Simple Kriging 30.88 0.47 2.48 -0.006
Universal Kriging 31.39 0.46 2.52 -0.020
Disjunctive Kriging 34.72 0.35 2.72 -0.029
Median copula 20.60 0.53 2.17 -0.003
Average copula 20.65 0.50 2.20 -0.005
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Table 11. The validation results of different interpolation techniques for prediction of the sand percent

Interpolation techniques RMSE R? MAE MBE
IDW 9.53 0.43 3.15 -0.18
Ordinary Kriging 9.19 0.47 3.02 -0.027
Simple Kriging 8.62 0.54 2.72 0.018
Universal Kriging 8.67 0.50 2.78 -0.022
Disjunctive Kriging 8.63 0.53 2.73 0.019
Median copula 8.41 0.60 2.30 0.011
Average copula 8.46 0.58 2.33 0.014
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Table 12. The validation results of different interpolation techniques for prediction of the silt percent

Interpolation techniques RMSE R? MAE MBE
IDW 22.47 0.50 3.80 0.21
Ordinary Kriging 2231 0.55 3.50 0.07
Simple Kriging 20.98 0.56 3.44 -0.05
Universal Kriging 20.70 0.58 3.42 0.05
Disjunctive Kriging 20.79 0.57 3.43 -0.06
Median copula 19.30 0.70 3.24 -0.02
Average copula 20.41 0.63 3.35 -0.04
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Figure 3. Zoning map of the studied variables based on the Median copula
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Figure 4. Land use map of the study area
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Abstract

The study of spatial distribution of soil properties for optimal soil management and proper utilization
of non-renewable soil resources is of particular importance. The copula function is one of the new
interpolation techniques that are widely used in various sciences such as hydrology. Thus, the aim
of this study was to evaluate the spatial variation of some soil properties using the copula function
and to compare with geostatistics techniques. Sampling by regular networking was done in a 484 ha
area in the west of Baft city, Kerman province, and 121 surface soil samples were collected. After
air drying and passing through a 2 mm sieve, the percentage of organic matter and clay were
determined in soil samples. To interpolate, four functions of the Archimedean copula including the
Clayton, Frank, Gumbel and Joe functions, and geostatistics techniques including simple kriging,
ordinary kriging, universal kriging and disjunctive Kriging and the Inverse Distance Weighting
(IDW) method were used. The results were analyzed using Root Mean Square Error (RMSE),
determination coefficient (R?), mean absolute error (MAE), and Mean Bias error (MBE). In order to
fit the copula function on the data, the distribution function of the studied variables was determined.
The results showed that the distribution of each of the studied variables is different and is explained
by different distribution functions. Also, with increasing distance, the value of correlation for all
studied variables decreased so that after a distance of 2000 meters, they do not show any spatial
correlation. Comparison of the Copula function and geostatistical techniques based on evaluation
criteria showed that the Copula function had a better performance in estimating the studied variables
and the estimation error for the Copula function were calculated less. In general, the results of this
study showed that due to the skewed nature of soil data, Copula function have the ability to fully
express the probabilistic dependence and can be considered in spatial studies.
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