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Being a key player in Space Weather, ionospheric variability affects the performance of both communication and
navigation systems. To improve the performance of these systems, ionosphere has to be monitored. Total Electron
Content (TEC), line integral of the electron density along a ray path, is an important parameter to investigate the
ionospheric variability. A cost-effective way of obtaining TEC is by using dual-frequency GPS receivers. Since
these measurements are sparse in space, accurate and robust interpolation techniques are needed to interpolate (or
map) the TEC distribution for a given region in space. However, the TEC data derived from GPS measurements
contain measurement noise, model and computational errors. Thus, it is necessary to analyze the interpolation per-
formance of the techniques on synthetic data sets that can represent various ionospheric states. By this way, inter-
polation performance of the techniques can be compared over many parameters that can be controlled to represent
the desired ionospheric states. In this study, Multiquadrics, Inverse Distance Weighting (IDW), Cubic Splines, Or-
dinary and Universal Kriging, Random Field Priors (RFP), Multi-Layer Perceptron Neural Network (MLP-NN),
and Radial Basis Function Neural Network (RBF-NN) are employed as the spatial interpolation algorithms. These
mapping techniques are initially tried on synthetic TEC surfaces for parameter and coefficient optimization and
determination of error bounds. Interpolation performance of these methods are compared on synthetic TEC sur-
faces over the parameters of sampling pattern, number of samples, the variability of the surface and the trend type
in the TEC surfaces. By examining the performance of the interpolation methods, it is observed that both Kriging,
RFP and NN have important advantages and possible disadvantages depending on the given constraints. It is also
observed that the determining parameter in the error performance is the trend in the Ionosphere. Optimization of
the algorithms in terms of their performance parameters (like the choice of the semivariogram function for Kriging
algorithms and the hidden layer and neuron numbers for MLP-NN) mostly depend on the behavior of the iono-
sphere at that given time instant for the desired region. The sampling pattern and number of samples are the other
important parameters that may contribute to the higher errors in reconstruction. For example, for all of the above
listed algorithms, hexagonal regular sampling of the ionosphere provides the lowest reconstruction error and the
performance significantly degrades as the samples in the region become sparse and clustered. The optimized mod-
els and coefficients are applied to regional GPS-TEC mapping using the IONOLAB-TEC data (www.ionolab.org).
Both Kriging combined with Kalman Filter and dynamic modeling of NN are also implemented as first trials of
TEC and space weather predictions.


