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Abstract

Introduction: Spatial and temporal variations of soil characteristics occur in large and small
scales. Investigating the variability of soil parameters is considered as one of the requirements for
proper management of fertilizer resources in a sustainable agricultural system. Studying of these
variation is very time-consuming and costly especially in large scales. In order to the fast and
reliable determination of the soil properties, various interpolation techniques have been developed
and applied. The most widely used interpolation technique is the different Kriging types. The
copula function is one of the new interpolation techniques that are recently used in sciences such as
hydrology. Thus, the aim of this research was to evaluate the spatial variation of some soil
chemical properties using the copula function and comparisons with geostatistics techniques.

Materials and Methods: Sampling by regular networking was done in an area of 484 ha located in
10 km far from the west of Baft city, located in Kerman province, central Iran (latitude of 29° 15’ N
and longitude of 56° 29’ E). In the studied area, three agricultural, pasture and industrial sites are
located nearby. The common crops of the region are wheat, barley, alfalfa, legumes and orchards of
walnuts, pomegranates, almonds and grapes. The average height of the studied area is 2270 meters
above sea level, the average annual temperature of the area is 16 degrees Celsius, and the average
annual precipitation of the area is 247 mm. The soil used for the experiment was collected from 0
to 20 cm depth of the field. 121 soil samples were air-dried and, some physical and chemical
properties were measured. In order to fit the Copula function to the data, first the appropriate
marginal distribution function should be fitted to the data. For this purpose, three tests were used:
Kolmogorov-Smirnov, Anderson-Darling and Chi-Square. The mentioned tests were carried out in
the EasyFit 5.5 statistical software. By fitting the best marginal distribution function, the
cumulative value of the marginal distribution function is calculated for each data. After calculating
the above values, detailed functions can be fitted to the data. Finally, the accuracy of each
interpolation method was evaluated according to the root mean square Error (RMSE), coefficient of
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determination (R?), mean absolute error (MAE) and mean biass error (MBE) indices.

Results and Discussion: In all types of geostatistical methods, the first step in interpolation is to fit
the semivaiogram to the measured data, so after normalizing the data and validating the models, the
appropriate model was selected for fitting the semivaiogram. Among the measured parameters, Py,
and K, semivaiogram followed spherical model and the interpolation of the above variables was
done on the basis of this model. Copula analysis showed that the available phosphorous and
potassium variables followed from the Wakeby and gamma distribution function, respectively.
Also, based on the Pearson correlation coefficient, the correlation between pairs of points was less
than 2000 m and the distance more than 2000 m was known as an independent distance. Based on
the validation criteria for Pava parameter, Median copula function, Average copula function, IDW,
Ordinary Kriging, Disjunctive Kriging, Universal Kriging and Simple Kriging have better
estimates, respectively, and in the same way, the best interpolator for Kava parameter Median
copula function, Average copula function, Ordinary Kriging, Universal Kriging, Disjunctive
Kriging, Simple Kriging and IDW were determined, respectively. The estimation performance
based on the coefficient of determination (R?) showed that value of this coefficient for copula
function for available phosphorous and potassium were 5% and 4% greater than conventional
geostatistics techniques. Also, the error of estimation was less for copula function indicating the
better performance of copula to estimate the mentioned soil properties

Conclusion: This study was performed to investigate the Feasibility study of Copula function in
predicting some soil nutrients and comprising this method with widely used methods of
geostatistics. Our results demonstrated that the copula function method is more capable than the
classical geostatistical methods in estimating soil properties due to the non-dependence of this
method on the normality of the data distribution and outlier data. Therefore, with the help of this
method, having a reliable and high-quality data bank of soil characteristics, acceptable maps of
other soil characteristics can be presented at various scales.

Keywords: Archimedean copula functions (frank, clayton, gamble and Joe), kriging, interpolation.
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Table(l) Statistical description of the investigated chemical characteristics
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Table (2) Marginal distribution function fitted to the data
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Table (3) The best copula and Pearson’s correlation coefficient of pairs of points at specified
distances for Pay,

et bl i sl

ARRY: io Al () ahuols
©) Jais o6 b3l AT g Baadd g Number of e
MLE copula . pairs distance (m)
oSl 0.71 215 400
7.321 49.31
Frank
pe 0.52 188 800
4.361 42.19
Joe
pe 0.41 160 1200
2.956 38.11
Joe
pa 0.20 134 1600
1.684 24.13 i
Joe
_ - o 0.09 95 2000
Independent

Kava S (asein Jolgd 58 bl b Ogu g (Shurnd o 0 9 Jado @b (2 7@ (£) oslod Jou
Table (4) The best copula and Pearson's correlation coefficient of pairs of points at specified
distances for K,,a
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Table (5) Models fitted on the experimental semivarogram of variables
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1- Najafi-Ghiri et al.
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Table (6) Validation results of interpolators for Py,

MBE MAE R2 RMSE <l
interpolators
0.004 0.84 0.61 8.92 IDW
0.006 0.86 0.60 8.93 Ordinary Kriging
0.011 0.93 0.58 9.00 Simple Kriging
0.009 0.88 0.59 8.96 Universal Kriging
0.007 0.89 0.60 8.94 Disjunctive Kriging
0.003 0.82 0.66 8.87 Median copula
0.004 0.83 0.64 8.90 Average copula
Kava ol sly Az OGS ow sl @w (¥)oslows Jove>
Table (7) Validation results of interpolators for K,a
2 <lisss
MBE MAE R RMSE
interpolators
-0.41 7.69 0.76 2.93 IDW
0.12 6.84 0.81 2.62 Ordinary Kriging
0.15 7.02 0.79 2.73 Simple Kriging
-0.14 7.01 0.81 2.67 Universal Kriging
0.13 6.86 0.80 2.67 Disjunctive Kriging
0.10 6.80 0.85 2.58 Median copula
0.11 6.83 0.84 2.59 Average copula
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Figure (1) Zoning map of the parameters based on the Median copula function interpolator; a) Py, b)Kava
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