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2. Slant and Vertical Total Electron Content (STEC and VTEC)

In this study, we focus on the abnormal ionospheric
activity during the Halloween storm of 29-31 October
2003. The main questions we want to address are :
 Does abnormal ionospheric activity have to be
taken into account for mm-cm precision positioning
with GPS ?
 Can we provide realistic information on the first
and higher order behavior of the ionosphere from
the EPN ?
Figure 1: GNSS (GPS or GPS+GLONASS) tracking stations
included in the EUREF Permanent Network (EPN).
Source : http://www.epncb.oma.be

GPS Network

In a previous step, VTEC maps at the piercing point for each satellite/receiver pair are produced each 5 min. (Figure 7).

We processed the EPN GPS data from 22 days in 2003 (days 292 to 313) and 2008 (days 001 to 022) (see Figure 4).

In a second step, a 1 /1 hourly VTEC maps are produced using a simple median at each point grid (Figures 8). Moreover, a
RMS grid is estimated providing complementary information on the TEC variation in each grid cell during the hour.

1. Data pre-processing with the Bernese soft. v5.0
1.1 Precise Point Positioning solution using ionosphere-free (L3)
code and phase observations to :
– Construct zero-difference phase-smoothed (P1 and P2) code
observations
– Estimate station coordinates
1.2 Zero difference geometry-free (L4) code and phase
observations (contains only the ionospheric refraction and
ambiguity parameters) to estimate:
– Differential codes biases for each station
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P1,P2: the phase-smoothed code observations for the L1 and L2
frequencies (ƒ1 and ƒ2)

Double difference ionosphere-free (L3) GPS phase observables (first order ionospheric refraction eliminated) are used to
process GPS data in many research applications which require high precision on kinematic positioning (e.g. earthquake
monitoring). We processed 40 GPS stations from the EPN (Figure 2) during a period around a geomagnetic storm (days 292 to
313 of 2003).

DCBsat, DCBsta: the differential codes biases, for satellite and station
respectively. The used P1-P2 DCBsat are obtained from the monthly
estimation of CODE analysis center.

Figure 5: STEC estimation for station VARS (see Fig 2 for station
localization) form all satellites in view (elevation > 50°).
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3. Estimation of Vertical TEC (VTEC)
One STEC at the ionospheric Piercing Point (PP on Figure 6) for
each satellite/receiver pair is estimated each 30 s.

From this process, we note that for stations located in Northern Europe the hourly coordinate repeatability of the kinematic
positions reaches 2.8, 1.2 and 12 cm for the East, North and Up components respectively.
For stations in central Europe, the coordinate repeatability is of the order of few millimeters in the horizontal components
and 1 cm in the up component.
Geomagnetic Storm ?

From the STEC for each satellite/receiver pair, we estimate, each
30s, at the ionospheric piercing point, the VTEC by applying (eq. 2,
Figure 6)

VTEC

The EPN allows to generate VTEC maps above Europe. The RMS of the VTEC maps gives information on high
frequency (in time and space) ionospheric disturbances (e.g. scintillations) which can be very significant during
epochs of high ionospheric activity.
Figure 6: STEC and VTEC estimation for a satellite/receiver pair.
R and S: Receiver and Satellite. PP : Piercing point, α : angle use
for the mapping function in eq 2.

STEC COS ( ) (eq 2)

Figure 7 presents the 5min of cumulative 30s VTEC maps in 2003 and 2008. Due to the increase of EPN stations (see Figure
4) the VTEC estimated each 5 min in Europe at Piercing Points are : 8500 in 2003 and 13500 in 2008.
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Figure 8: Hourly (21:00 to 22:00 UT) VTEC (left) and VTEC RMS (right) maps on a 1 /1 grid during the
Halloween Geomagnetic storm (303/2003; top) and a normal night activity (001/2008; bottom).

R

The STEC depends on the satellite position (mainly elevation).

This step was repeated for each of the stations.
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2. Estimation of Slant TEC (STEC)
The STEC (Figure 5 and 6) are estimated for each
satellite/receiver pair each 30s (eq. 1).

with:

1. Impact of the Ionosphere on Kinematic GPS Positioning

Figure 2: EPN GPS stations processed. The blue stations
correspond to the coordinate time-series in Figure 3.

21:00 to 22:00 VTEC RMS map

Figure 4: EPN network processed in this study. The black lines region
delimit the area considered for TEC maps estimation.
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 First step: precise daily positions were computed in a network
approach using the L3 combination with the Bernese v5.0 software
[Dach et al., 2007]. Ambiguities were resolved (QIF strategy),
tropospheric refraction was corrected (Wet-Niell mapping function,
hourly zenith tropospheric delay corrections, one daily horizontal
tropospheric gradient).
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To better understand the physics of the ionosphere and its effects on GPS positioning, the Royal Observatory of Belgium
(ROB) is developing an automatic monitoring to detect rapid ionospheric changes in both time and space domains using the
EUREF Permanent Network (EPN) GNSS data (Figure 1).

3. Ionospheric Maps
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The study of the ionosphere over Europe allows for applications in the field of geophysics and space weather research (e.g.
seismic monitoring, study of the interaction between Sun and Atmosphere) and it can also provide valuable information in
support of radio system transmissions. Moreover, GPS errors induced by the ionosphere will increase in the next years due to
the growing solar activity since the beginning of the 24th sunspot cycle (March 2008).
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 Second step: station coordinates were fixed to their positions
estimated in the previous step. Each 5-minutes, a kinematic position
for a specific station is computed (Figure 3). Tropospheric
parameters and ambiguities obtained in the first step were introduced
as known parameters in the estimation process.
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4. Validation : comparison with CODE IONEX products
IONEX products from CODE Analysis Center [Schaer et al., 1996] are computed each 2 hours on a 5/2.5°grid and are
reference for GNSS users. The differences between our TEC maps and CODE product are (Figure 9):
 lower than 1 TECU for 70-74% of the data
during normal iono. activity (Figure 9b and 9c).
 lower than 2 TECU for 93-96%
 lower than 1 and 2 TECU for 40% and 70% respectively during the geomagnetic storm day (Figure 9a).
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Figure 9: Daily differences between our TEC maps and CODE IONOEX products. a): During the Halloween geomagnetic storm day (303/2003); b)
and c): during normal ionospheric days (292/2003 and 001/2008 respectively)

Conclusion
 Kinematic positions estimated from double difference ionosphere-free GPS observables show large variations for
stations close to the maximum of a large ionospheric disturbance. We are investigating optimal ways to correct
kinematic positioning from higher order ionospheric effects.

Figure 3: Time-series of kinematic positions on Up, East and North components (each 5-minutes) for BRUS (long: 4 21’33.12’’; lat: 50 47’52.08’’) and VARS
(long: 31 01’15.16’’; lat: 70 20’09.60’’) stations for 302 to 305 days in 2003.

Consequently, it is necessary to take into account the higher order ionospheric disturbance for GPS applications
which require few centimeter or millimeter precision in kinematic mode. According to that, the ROB began to monitor
the ionosphere and to investigate higher order ionospheric activity.

Figure 7: 5 min VTEC maps at Piercing Points for day 303 of 2003 (geomagnetic storm period, left) and day 001 of 2008 (normal ionospheric activity, right)

 The dense EPN network allows to estimate hourly VTEC and its RMS on a 1°/1° grid through Europe. Such
information will be useful to detect high ionospheric activity period and to correct kinematic GPS positioning for mm or
cm applications. The differences with CODE IONEX products are at the 1-2 TECU level.

