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occultations

M. Garcia-Fernandez and T. Tsuda

Research Institute for Sustainable Humanosphere, Kyoto University, Japan

(Received March 23, 2005; Revised June 22, 2005; Accepted August 10, 2005; Online published January 27, 2006)

With the advent of the GPS/MET mission, the atmospheric sciences were given a new tool to enhance studies
related to global and seasonal variations of different atmospheric parameters. In particular, it has proof valuable
for the study of the ionospheric irregularities in the E layer, which before were performed basically on a local
basis by ground based instruments. Using similar techniques applied to GPS/MET data to process the 50 Hz
sampling rate GPS data to study the E layer electron density distribution, this work shows the global and seasonal
distributions of the ionospheric irregularities of electron density, during high solar activity, by using the CHAMP
satellite GPS data from January 1st 2002 to May 31st 2004. As pointed out by several theories on the E layer
and previous studies with ground based data, the results presented here show that these irregularities have strong
geographical and seasonal dependence, with enhancements in the auroral regions, in mid-latitudes and during the
summer season.
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1. Introduction
Since the proof-of-concept carried out by Low Earth Or-

biters (LEO) such as the GPS/MET, the Abel inversion ap-
plied to occultation data has been proven to be a valuable
tool to monitor different parameters of the ionosphere and
the neutral atmosphere (Hardy et al., 1993; Hajj and Ro-
mans, 1998; Schreiner et al., 1999). In particular, the high
sampling rate GPS data (at 50 Hz or 100 Hz) gathered by
LEOs has enhanced the research lines that involve neutral
atmosphere as well as lower ionospheric layers (E layer).
This is specially interesting towards the research of the cou-
pling processes between the different layers of the atmo-
sphere.

Before the advent of LEO occultations carrying GPS
receivers for limb sounding, the ionospheric irregularities
such as the sporadic E layer where basically studied with
ground based instruments or rockets that provided with de-
tailed but local information. With GPS-LEO occultations,
global and seasonal variation of these irregularities can be
studied and enhance the comprehension, for instance, of
the sporadic-E layer and one of its causes explained with
the generally accepted wind shear theory (Whitehead, 1961,
1989).

With the studies of ionospheric irregularities in the E
layer performed during low solar activity period with the
GPS/MET (Hocke and Tsuda, 2001a, b; Hocke et al., 2001,
2002), it could be seen the seasonal and geographic depen-
dency of these irregularities. This work proposes a similar
study but with the CHAMP data, during high solar activity.
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2. Technique
The technique used in this work is based on the one pre-

sented in Hocke et al. 2001a. The GPS phase observations
of both frequencies (L1 and L2) collected by the CHAMP
satellite with sampling rate of 50 Hz are used to build the
ionospheric combination (L I ), which can be approximated
as:

L I = L1 − L2 � α ·
∫ Rx

GPS
Ne · dl + b (1)

where the integral of the electron density (Ne) through the
ray path is also known as the Slant Total Electron Content
(STEC). Additionally to the STEC, the bias b contains the
instrumental delays and phase ambiguities, and is constant
within the same observation arc. This feature will be used
afterwards to remove it from the observable and to obtain
the ionospheric fluctuations.

To obtain the height variation of the electron density fluc-
tuations (�Ne(h)), the height of the tangent point for each
ray is computed and associated to the corresponding L I ob-
servation. The bias can be eliminated afterwards by dif-
ferentating with respect to height (d L I /dh). After remov-
ing the bias, the profile corresponds basically to the STEC
variations, which can be approximated to the fluctuations of
electron densities by multiplying by a constant factor. This
constant factor corresponds to the lenght of the effective
sounding volume. If one considers that the thickness of the
spherically symmetric layer, where the electron density is
assumed to be constant, is 0.6 km, the length of this volune
(a cylinder along the ray centered around the tangent point)
can be approximated as 2

√
(2r�r), where r is the Earth ra-

dius (6370 km) plus the height of the Elayer (�100 km),
and �r is the layer thickness of 0.6 km (see more details in
Ahmad and Tyler, 1998 and Hocke et al., 2001). Care must
be taken with the fact that the CHAMP phase data shows
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large peaks with vertical periodicity of 1.5 km to 2 km ap-
proximately. To remove these peaks and in order to preserve
the fluctuations with vertical scales of less than 7 km, a 2–
7 km bandpass filter has been applied to the fluctuation pro-
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Fig. 1. Examples of height fluctuations of electron density (�Ne(h)).
This example corresponds to the CHAMP occultation with GPS satel-
lite PRN17, the day April 10th 2003. The occultation took place at
116W20S, 3.8 hUT (20 LT).
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Fig. 2. World and seasonal distribution of ionospheric irregularities in the E region, corresponding to daytime period (5 LT to 22 LT). Periods shown are
centered at the solstices or equinoxes, therefore Spring: day of year (doy) 046 to 126, Summer: from doy 127 to 218, Autumn: from doy 219 to 310
and Winter: from doy 311 to 045. GPS occultation data of CHAMP satellite from January 1st 2002 to May 31st 2004 have been processed. The middle
black line in the map corresponds to the geomagnetic equator.

files. Figure 1 shows an example of fluctuations in height of
electron density. The main characteristic of the morphology
of these fluctuations is an enhancement around 100 km in
the summer hemisphere. Although in some cases, the nigh-
time profiles also show a certain enhancement, they are less
important than during daytime. The ripples are due to the
above mentioned peaks. Although a small remnant is still
present, these peaks can be largely removed with the 2 km
low pass filter applied to the profiles.

3. Irregularities in the E Layer
Using the technique explained in the previous section

and the 50 Hz phase observations gathered by the CHAMP
satellite during the period January 1st 2002 to May 31st
2004, the vertical profiles of electron density fluctuations
(�Ne(h)) of the E layer (80 km to 130 km) have been ob-
tained. A total number of approximately 175.500 profiles
were computed, which corresponds to an average number
of 222 profiles per day. According to several theories of
sporadic E formation such as the generally accepted wind-
shear (Whitehead, 1961, 1989), the coupling between neu-
tral winds in the atmosphere and the lower layers of the
ionosphere is reflected in enhancements in the electron den-
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Fig. 3. Seasonal mean vertical profiles of ionospheric irregularities in the E layer against latitude during daytime period (5 LT to 22 LT). Spring,
Summer, Autumn and Winter are upper-left, upper-right, lower-left and lower-right panels respectively.

sity or, equivalently, larger maximum values in the fluctua-
tion profiles computed with the technqiue used in this work
(max{�Ne(h)}). Once the maximum of each fluctuation
profile and its location has been searched and grouped ac-
cording to season, the global and seasonal distribution can
be plotted (see Fig. 2). The maps (which correspond to
daytime observations, from 5 LT to 22 LT) show a strong
geographic and seasonal dependency as stated by differ-
ent studies based on ground observations. The enhance-
ment of this fluctuations in the Auroral regions (above +60◦

or under −60◦ of latitude) can be clearly seen during all
seasons. Note as well the high enhancements in the sum-
mer hemispheres, which were already seen during low so-
lar activity period with the GPS/MET satellite (Hocke et al.,
2001). Specially the enhancements in Europe and Asia dur-
ing northern summer hemisphere and near South America
and Oceania during southern summer hemisphere. During
nighttime (from 22 LT to 5 LT), these fluctuations are less
important, but they show the same behavior as the case of
daytime. These behaviours were pointed out in Whitehead
(1989) (and references therein) and Mathews (1998), with
ground based instruments, and in Hocke and Tsuda (2001b)
with the GPS/MET data, during low solar activity. With
this work this behavior is also confirmed during high solar
activity.

With the high resolution vertical profiles of irregularities

obtained from the CHAMP GPS observations, it is possible
as well to obtain a seasonal description of the irregulari-
ties in height versus latitude (see Fig. 3, for the daytime
period). This figure is consistent with Fig. 2, showing that
the ionospheric irregularities are mainly enhanced in sum-
mer hemisphere. Moreover it can be seen how the maxi-
mums are located around 100 km. During nighttime (see
Fig. 4) the daytime pattern disappears, nevertheless the plot
shows a clear enhancement for all seasons in the high latitu-
dinal bands, coinciding with the Auroral region. Changes of
phase of 180 degrees in the fluctuation profiles, that could
be masked in the averaging done to obtain Figs. 3 and 4,
have not been detected in the data set of this work.

4. Discussion
With the occultation data from the CHAMP satellite, this

work shows the global and seasonal distribution of the iono-
spheric irregularities of electron density in the E layer. In
this context and based on the proof-of-concept carried out
with the GPS/MET satellite, this new data set with CHAMP
data confirms other results corresonding to previous LEO
missions as well as with ground based instruments. In par-
ticular, the enhancement of irregularities in the auroral re-
gions, in mid latitudes and summer hemispheres. Moreover,
the data with CHAMP satellite shows that the spoardic E
phenonema shows similar events in Solar Maximum condi-
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Fig. 4. Seasonal mean vertical profiles of ionospheric irregularities in the E layer against latitude during nighttime period (22 LT to 5 LT). Spring,
Summer, Autumn and Winter are upper-left, upper-right, lower-left and lower-right panels respectively.

tions (corresponding to this data set) and Solar Minimum
period (as shown with the results of GPS/MET in 1995/7).
This type of high resolution vertical information of the
ionospheric irregularities in conjunction with neutral atmo-
spheric data may enhance the comprehension of the cou-
pling processes that exist between these two atmospheric
layers. In particular, the coupling of the neutral winds of
the atmoshpere and the ionosphere through the wind-shear
theory. Additionally, with the advent of new LEO missions
such as COSMIC or EQUARS in the following years, the
larger available data sets will provide with the opportunity
to study not only the global or seasonal behavior of the spo-
radic E layer as done in this work, but particular events over
specific locations of the globe or different ionospheric or
atmospheric conditions.
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