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Introduction

Stationarity is one of the conditions that must be investigated in the ex-
ploratory analysis of spatial data. The existence of a trend in the data is
a reason for non-stationarity. As a result, the estimator of the variogram is
biased and the prediction will not be accurate enough. Until now, various
methods have been proposed to remove the trend, including simple linear
combination, median polishing, first order difference, etc. In economics,
simple linear regression and first differences are the two most popular trend
removal methods. Support Vector Machine (SVM) is a supervised learning
algorithm that can be used for both classification and regression problems.
Support Vector Regression (SVR) is a type of SVM used for regression analy-
sis. The goal of SVR is to find a function that approximates the relationship
between the input variables and a continuous target variable while mini-
mizing the prediction error. SVR can be an effective tool in spatial data
analysis. In recent years, the use of SVR in spatial data analysis has become
widespread. The purpose of this study is to investigate the detrending of
data using the SVR method and its effect on prediction.

Material and Methods

First, the trend in spatial data is tried to be modeled using the SVR method.
If the relationship between the input variables and the target variable is
complicated so that a linear model is not suitable for fitting the data, then
a nonlinear mapping can be used to transfer the input space to a space with
higher dimensions, then a linear model can be fitted to the data in this space
with the help of the kernel function. Residuals are obtained by removing
the trend from the data. Then, a suitable variogram model is fitted to the
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residuals, and prediction is made based on the universal kriging method. Fi-
nally, the trend is estimated by the SVR method and added to the prediction
value. In the following, on a real data set, the results of the proposed method
are compared with spline and universal kriging prediction methods through
cross-validation. The minimization of the root-mean-square error (RMSE)
is considered the criterion for choosing the appropriate forecasting method.
The geoR and el071 packages in R software were used for analysis.

Results and Discussion

Kent and Mohammadzadeh (2000) compared the smooth spline as a detrend-
ing method and its prediction results on the calcium data (Oliveira, 2003)
set with the prediction results of the universal kriging method. For this data
set, the trend in the data was modeled by SVR and through three kernels:
linear, polynomial and Gaussian. The results of this study showed that the
proposed method has a higher accuracy than the two universal kriging and
spline methods. Among the applied kernels, the results of the Gaussian ker-
nel were better. The results of this research show that SVR can be a suitable
tool in spatial data analysis.

Conclusion

In trend data analysis, simple functions such as polynomials are usually used
to model the trend. In SVR, in addition to linear models, it is possible to
use different types of non-linear models through kernel functions. By fitting
different models to the data and comparing them, you can easily choose the
most suitable model. Therefore, trend modeling using SVR is an efficient
method that can improve prediction results.

Keywords: Variogram, Kriging, Spatial prediction, Support vector regres-
sion, Kernel function.
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