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Why?

lonosphere is strongly dispersive, especially for low-frequency radio waves

The ionosphere may affect the observational data used to constrain
theoretical models of the epoch of the reionization, solar science, space
weather and cosmic magnetism

At short baselines (less than sokm) most of the ionospheric effects may be
removed by means of interferometric techniques

LOFAR'’s baselines are currently up to 15ookm long and may be even longer
in the future



What we need to do?

® As LOFAR is incapable of removing the ionosphere effect by itself, it has to
be provided with external ionosphere information



Where can we get it?

® |GS provides GIMs through seven IGS lonosphere Analysis Centres (IAACs):
CODE, ESA, JPL, UPC, NRCan, WHU, CAS

® These global ionospheric maps are computed using TEC data provided by
GNSS-based ground receivers



So what's the problem?

® GIM's, due to the lack of homogeneity of GNSS networks worldwide uses

interpolation techniques to for filling the gaps, therefore for local areas they
may be inaccurate

® Also their spatial and temporal resolution isn't that great



What we want to do?

Local TEC maps dedicated for ILT
0,5° by 0,5° spatial resolution
15 minutes temporal resolution

Rapid 15 min and Final 1 day IONEX files (rapid files uploaded every 15
minutes and final every 24 hours)



How?
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® EPN stations with real-
time processing
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Natural interpolation

* Natural neighbour interpolation is based on
the Voronoi diagram, which is strictly
related to Delaunay triangulation

® Delaunay triangulation is based on
circumcircles —a triangle is created when
there is no point inside the circumcircle

® Each Voronoi cell marks the area closer to
the point than to any other

® Voronoi edges are mid-perpendiculars of
Delaunay edges



Exemplary dataset
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® Exemplary location of
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Exemplary dataset

® The IPPs of three stations: Borowiec (bor1), Bydgoszcz (bydg) and Lodz
(lodz) were taken as unknown for the interpolation. Then their known VTEC
values were used to assess the performance of the interpolation method

® Those three stations have been chosen due to their locations. Indeed they
are surrounded by other stations from all sides, thus avoiding extrapolation
scenarios, which are out of the scope of this work.

® Considering the fact that the dataset contains 30 seconds interval data for
the whole day (24 hours observations from June 15th, 2015, during quiet
geomagnetic conditions after 2013 solar activity peak), the observations of
sixteen stations from the EUREF network provided 74400 interpolated
points divided into 2880 one-epoch subsets



Results — root mean squares errors [TECU]
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Natural 0.063 0.013 0.040 0.055 0.069 0.789 P S

- 0.123  0.033 0.097 0.122 0.148 0.279 ' I

Quasi-natural 0.075 0.024 0.057 0.072 0.088 0.196

- 0.054 0.017 0.042 0.053 0.064 0.113

Polynomial 0.088  0.032 0.066 0.084 0.103 0.200




Results — computation time [s]

Natural

(15t scenario) 581.2 0.1566 0.0075

IDW 67.94 0.0311 0.0208
_ 36.22 0.0174 0.0008
Non-sibsonian 585.79 0.1564 0.0076
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Maps comparision

DOY: 76; time: 16:0
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Maps comparision

DOY: 75; time: 23:45
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Conclusion

Highly topology-dependent natural neighbour methods provide the best
accuracy as the TEC value depends on its own topology

However the sibsonian method in its both scenarios has to cope with many
problems and point losses

The more effective second scenario-based method requires relatively high
computation time (especially when opposed to ultra-rapid quasi natural
neighbour method)

The solution to the trade-off between accuracy and computational time might be
the non-sibsonian method, which is also very topology-dependent, but least
sensitive to the open-cell problem.

Another solution may be the quasi-natural method, which provides slightly
worse, but still quite promising, results. This method is only partially dependent
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