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ABSTRACT

In this paper we compare the ionospheric total electron content (TEC) obtained for
a period of a week using two different methods: a) the ionospheric model DGR3 (Di
Giovanni and Radicella model) for TEC based on ionosonde data and b) dual frequency
Global Positioning System (GPS) data. During this period ionosonde data were collected
at the Observatorio del Ebro and at El Arenosillo, and the GPS data was gathered at
Madrid. The TEC obtained at both ionosonde stations using the DGR3 model bas been
compared with the TEC predicted for tbese stations using tbe GPS data. In general, tbere
is a very good agreement between both estimates of tbe TEC, and tbe maximum
discrepancies are found around noon specially for El Arenosillo, where there is a bigger
difference in latitude respect to the GPS site.

l. INTRODUCTION

There are several techniques tbat can be used for tbe estimation of the ionospberic
total electro n content (TEC), as Faraday rotation of geostationary satellite signals,
ionospberic models based on ionosonde data, incoberent scatter radar data, etc.

Tbe ionospbere introduces a delay in the radio signals from tbe satellites of the
Global Positioning System (GPS) tbat is proportional to the TEC along the path and to the
inverse of the frequency squared. Tben, dual frequency GPS data can also be used to
estimate tbe TEC.

In this paper we compare the TEC obtained for two stations in Spain using a model
based on ionosonde data and tbe TEC predicted for tbose stations based on tbe GPS data
acquired on a tbird site.



2. TEC AND IONOSONDE DATA

During the period March 25-31, 1993,
ionosonde data were collected at the Observa-
torio del Ebro (40.8N, 0.5E) and at the Esta-
ción de Sondeos Atmosféricos of INTA at El
Arenosillo (37.1N, 353.3E) using a Digisonde
256 at both sites.

For the same week, GPS data were
gathered at the Madrid DSN station (40.4N,
355.7E) using a Rogue GPS receiver.

The rate for the ionosonde observations
was 1 hour, and for the GPS data 30 seconds.

Figure 1 shows the locations of the
three stations.
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Figure 1: lonosonde and GPS stations.

3. ESTIMATION OF THE TEC

The DGR3 model is an empirical model for the TEC composed of three terms, for
the E, F1 and F2 layers (Di Giovanni and Radicella, 1990):

TEC = 4 . N;E + 4 . N;F1 . Bl + 2 • (l+k) • N; . B2 (1)

where the coefficient k is determined from Faraday rotation observations, and the other
coefficients are computed knowing foE, foFl, foF2, h'F2, M(3000)F2, DIP, R12• Most of
these parameters are extracted for the individual ionograms.

For the estimation of TEC from GPS data we have used phase and pseudorange
observations. For each observation time, we have estimated, with a method based on a
Kalman filtering, the TEC at the subionospheric point corresponding to the different
satellites observed from Madrid (for more details see Sardón, 1993). The main source of
error in this estimation is the differential instrumental biases in the satellites and in the
receivers, so we have estimated also these biases (Wanninger and Sardón, 1993). With this
information we have predicted the vertical TEC at the Observatorio del Ebro and El
Arenosillo every 5 minutes. GPS observations below 20 degrees were neglected to reduce
the effect of muItipath errors and to avoid the mismodeling at low elevations of the function
that maps the vertical TEC to slant TEC.



4. RESULTS AND DISCUSSION

In figure 2 we present the TEC obtained with both methods for the Observatorio del
Ebro. It must be notice that, in general, there is a very good agreement between both results
considering that the two employed methods are totally independent and use very different
frequencies (1-20 MHz for the ionosondes against 1.2, 1.6 GHz for the GPS). The maximum
discrepancies are around noon and can be due to either deficiencies in the ionospheric
model or in the way of predicting the TEC at the Observatorio del Ebro using data from
Madrid (the distance between these two points is about 410 km). The major discrepancy
which appears on the fifth day should be explained in terms of the peculiar characteristics
of the ionograms for the Observatorio del Ebro on this particular day.
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Figure 2: TEC estimated at the Observatorio del Ebro using the DGR3 model and GPS data, frorn March 25
to March 31, 1993.

For El Arenosillo, the results, plots in figure 3, were similar, being the discrepancies
at the noon bigger than for the Observatorio del Ebro. This bigger discrepancy is due to the
bigger difference in latitude between Madrid and El Arenosillo. The distance between these



two stations is about 425 km.
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Figure 3: TEC estimated for El Arenosillo using the DGR3 model and GPS data, from March 25 to March 31,
1993.

We have chosen the reference system
defined in figure 4, where the X. coordinate
represents the 'solar distance. If we look at
figures 5 and 6, we can see the subionospheric
points of the GPS observations (dots) and of
the ionosonde stations (asterisks) during one
entire day. For the other days the configuration
was more or less the same. It can be noticed
that the points with GPS data cover much
better the zenith of the Observatorio del Ebro
than of El Arenosillo, where they stay in the
inner part of the circle (higher latitude).
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Figure 4: Reference system used to define the
coordinates of the subionospheric points.



Figure 5: Coordinates of the subionospheric points
at the Observatorio del Ebro and at Madrid.

5. CONCLUSIONS

Figure 6: Coordinates of the subionospheric points
at El Arenosillo and at Madrid.

The TEC estimated with two completely independent techniques using very different
frequencies show a remarkable agreement in the general patterns, specially considering that
the GPS data used to derive the TEC was acquired at a station located about 410 and 425
km from the ionosonde sites.

The maximum discrepancies are found around noon. For El Arenosillo these
discrepancies are bigger due to the difference in latitude with respect to Madrid.

A more detailed comparison will require a smaller rate for the ionosonde data (few
minutes). Also, the GPS data should be collected at the ionosonde stations themselves or
in stations distributed around and closer to the ionosonde stations.
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