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ABSTRACT

This paper studies the behavior of the verticahltelectron content obtained with GPS satellites
signals (GPSTEC) and total electron content derfvmth Digisondes (ITEC). The data base includes
ionograms and GPS observations recorded at El Aikmand Pruhonice during a period of low solar
activity. Comparisons between observations andReotal electron content predictions (IRITEC)
have been also done. The shapes of the three @etisyare similar and, as it is known, the GPS
values are greater than the ITEC values. The IBdliptions generally overestimate the ITEC values.
The differences between GPS TEC and ITEC are alslyzed.

RESUMEN

Este trabajo analiza el comportamiento del contealdctrénico total vertical obtenido con sefakes d
satélites GPS (GPSTEC) y el contenido electrorotal derivado de Digisondas (ITEC). La base de
datos incluye ionogramas y observaciones GPS alatenen El Arenosillo, y en Pruhonice, durante
un periodo de baja actividad solar. Comparaciomse das observaciones y las predicciones del
contenido electronico total del modelo IRI (IRITHGnN sido también realizadas. La forma de las tres
estimaciones son similares y, como es conocidoyétsres de GPSTEC son mayores que los de
ITEC. Las predicciones del modelo generalmenteestinnan los valores de ITEC. Las diferencias
entre los valores de GPSTEC e ITEC son tambiénzacals.

INTRODUCTION

As it is known the total electron content, TECthe ionospheric parameter responsible for mabst
the effects that radio-waves undergo when theyassing through the ionosphere. The availability of
TEC measurements is important to the developmeitrafspheric models such as the International
Reference lonosphere, IRI (Bilitza, 2001). Up te thst decade the techniques more used to measure
TEC have been the Faraday rotation technique (Bat@80), the scatter incoherent radar, ISR and
TOPEX passes.

Recently, Huang and Reinisch (2001) have ¢htced a new technique for estimating the total
electron content from ground-based ionosonde datace an ionosonde cannot provide direct
information about the topside electron density ifgahey calculate it from the bottom-side electron
density and the total electron content is obtaimgthtegration of the complete electron densityfifgo
(ITEC).

The increase in availability of TEC data over thst ten years has largely come from a rapid inereas
in the number of Global Position System TEC datR$GEC) over land, providing now an important
data base to study the ionosphere.
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Many studies are found in the literature tegort comparisons of total electron content ole@in
by different techniques at different locations @oednhparisons of TEC measurements with predictions
of models such as the IRI model (Jakowski et. H)98; Ezquer et. al., 1998, 2004; Huang and
Reinisch, 2001; Sethi et al. 2001; Mosert et. 2002; Gulyaeva et. al., 2002; Belehaki et. al.,3200
2004; Jodogne et. al., 2004)

The objective of this paper is to compare the IBM2TEC predictiondRITEC, (Bilitza, 2001)
with GPSTEC andITEC measurements frofal Arenosillo and Pruhonice\ preliminary study of
the variations of the differences between GRSTEC values and the correspondih@§EC ones
(considered as a measure of the plasmaspherictetaion content) is also done.

DATA USED

Vertical incidence ionograms frontl Arenosillo (37.1N; 353.3E) and Pruhonice (50N
15.0°E) recorded by a DGS 256, during the year Z8232=30) were used to calculate the integrated
total electron content,TEC, (Huang and Reinisch,2001). The database inclhdesly ionograms
obtained during summer (July), winter (January) &ulinox (April - October). The individual
electron density profiles (Huang and Reinisch, }3998responding to a given month and hour have
been used to obtain the monthly median valuesefrttegrated total electron contetEEC (Huang
and Reinisch, 1996; Huang and Reinisch, 2001). ddreesponding IRl TEC predictior($RITEC)
were calculated with the last version of the md@ditza, 2001) and using the experimental valukes o
foF2 and their heights (hmF2) as inputs in the rholleth TEC valueqITEC and IRITEC) were
obtained integrating the electron density profipeto a height of 1000 km.

The monthly median values of the vertical G measurement{§&PSTEC) were derived from
oblique GPS signals using La Plata lonospheric NddelM (Brunini et al, 2001). As it is known
GPSTEC represents a measure of TEC up to around 2020(&mht of the GPS satellites), including
the major part of the plasmaspheric electron car{igelehaki et. al. 2003, 2004).

ANALYSIS OF THE RESULTS

Figure 1 shows the comparison of the monthly med&nes ofl TEC, GPSTEC andIRITEC in
TEC units of 1&° m?® (TECU) at Pruhonice and EI Arenosillo for wintsymmer and equinox during
the low solar activity year 2005. It can be seei:th

(1) In general, the shapes of the 3 estimatiame similar. A clear diurnal variation of thed@
values is observed in the three curves. The TE@#&ses gradually from hours of minimum TEC (03-
06 UT) in all the seasons reaching maximum valuesral midday. At sunset the TEC values begin to
decrease reaching minimum values around sunrise. dilirnal maximum is almost flat during
summer at Pruhonice, but relatively sharp duringteviand equinox in the three TEC estimations.

(2)The diurnal variations oGPSTEC and ITEC show the good correlation between both

techniques. The
GPSTEC values, as it is expected, are larger tharl TRE values activity in all the seasons.

(3) The IRITEC predictions overestimate tH&EC values in all the seasons at the two stations.
During winter time and equinox the model also ostneates th&PSTEC values at Pruhonice during
daytime.

(4) Both TEC measurementiSTEC and GPSTEC) present lower values in winter time than in
summer.

(5) The shape of the seasonal variation of REEC predictions is, in general, similar to that
observed in the electron content obtained withitfeetechniques: the winter values are lower than th
summer ones,

Taking into account that the most contribmtaf TEC comes from the topside electron density
profile, these results suggest that the discreparmtweehRITEC andI TEC values can be attributed
to the shape of the topside IRI profile.
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Figure 2 shows for Pruhonice and El ArenosBRO5 the diurnal variations @TEC values in
percentageDTEC%= (DTEC/GPSTEC) x 100, during the different seasons (summer, wiated
equinox) During nighttime (19-05 UT) tHeTEC % values range around 40 and 65% and around
midday (09-13 UT) they vary from 10 to 35% depegdim the season and the station. Although some
exceptions have been fouldTEC% values are generally lower in summer than in winte

The diurnal and seasonal variations of the pergentzontribution of plasmaspheric electron
content to the total electron content calculatedgusTEC derived from digisondes ar@ePS TEC data
are similar to those reported in previous stud8blehaki et al. (2004) and Mosert et al. (2007)
analyzing TEC measurementdtained at Athens (38.0° N; 23.5°E) and Ebro (N8 0.5° E)
respectively.

This study has been done with a limited datebBowever it shows that it is possible to know th
behavior of the plasmaspheric electron contenhénplaces where ionospheric soundings are carried
out simultaneously with GPS measurements. An eiignsf this study will be done using
measurements obtained in other locations and wifierent geomagnetic conditions.

CONCLUSION

This paper studies the diurnal and seasorfavier of the total electron content obtained using
ITEC values calculated using the Reinisch and Huan@l(Rtechnique an®PS TEC measurements
derived from oblique GPS signals using La Plata$pmeric Model , LPIM (Brunini et al, 2001). The
data base includes TEC measurements recordeddaeidsillo (37.1N; 353.3E) and Pruhonice (50.0°
N; 15.0°E) during a year of low solar activity:Z)(Rz12=30) Monthly median values dffTEC and
GPS TEC have been used to compare the TEC estimationsthgtitorresponding IRI-2000 model
predictions (Bilitza, 2001).The comparisons shoat,tin general, the IRI predictions overestimate th
ITEC values and in some cases GRSTEC values. These differences between can be attdlatthe
shape of the topside IRI profile.

As it is expected, th6&PSTEC values are greater than tHEEC measurements. The differences
between the electron content obtained by the tvahnigues, considered as a measure of the
plasmaspheric contribution, show a clear diurnal aeasonal dependence. These results are in
agreement with those reported by Belehaki et 8042 and by Mosert et al. (2007) using data from
Athens (38.0°; 23.5°) and Ebro (40.8° N; 0.5° Bpextively.

This paper shows that it is possible to knber behavior of the plasmaspheric electron content i
the places where ionospheric soundings are caoti¢dimultaneously with GPS measurements. An
extension of this study will be done using measwr@s obtained in other locations and under
different geomagnetic conditions.
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Pruhonice - Summer 2005
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Figure 1. Diurnal variation of the monthly mediaaues of TEC, GPSTEC andIRITEC (in TEC
iunits of 1d° m?= TECU) at Pruhonice and El Arenosillo for wintesymmer and equinox during

the low solar activity 2005.
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Figure 2. Variations of thBTEC% values at Pruhonice and EIl Arenosillo, duringetiéint seasons
(winter, summer and equinox) of the year 2005.
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