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Space weather research and a wide range of applications in communication and navigation require high-resolution 

ionosphere models. Today, the global ionosphere maps (GIMs) provided by the International GNSS Service (IGS) are 

the widely-used global vertical total electron content (VTEC) products. However, their spatial resolution of 2.5° in 

latitude and 5° in longitude is not high enough for modeling small-scale structures of the ionosphere. Therefore, besides 

the GIMs some regional high-resolution ionosphere models were developed. The German Aerospace Center (DLR), for 

instance, provides a regional VTEC model over Europe with a spatial resolution of 2° in both latitude and longitude.  

 

The resolution of ionosphere models is primarily limited by heterogeneously distributed input data; to be more specific, 

high-resolution observations may exist over continental areas due to the distribution of GNSS stations whereas large 

data gaps may occur over the oceanic area even if altimetry and radio occultation can provide information. Due to the 

multi-scale variability of the ionosphere and the requirement for high-resolution models, the development of a multi-

scale data-adapted ionosphere model is indispensable. 

   

In this paper we present a regional multi-scale VTEC model as a building block system. Each block is characterized by 

a specified input data resolution and an adapted model resolution. As mathematical approach we choose series 

expansions in terms of localizing B-spline functions which can be used as scaling functions of a multi-scale 

representation (MSR). The chosen resolution level of the B-spline functions has to be consistent with the resolution of 

the input data, thus, the higher the resolution of the input data the higher the level of the B-spline functions and the finer 

the structures of VTEC which can be modeled. If the block sizes and the levels of the B-spline function are chosen 

appropriately, the blocks can be connected to each other by applying the pyramidal algorithm of the MSR and fusing 

techniques known from digital image processing. In our approach we use the International Reference Ionosphere (IRI) 

as a background model and calculate the coefficients of the B-spline series expansions by parameter estimation. We 

present preliminary results of our multi-scale model based on space-geodetic techniques, e.g. GNSS, satellite altimetry 

and radio occultation data.  
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