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2.5. GROUND BASED REMOTE SENSING OF THE IONOSPHERE 33

Figure 2.6: Locations and measurement ranges of the SuperDARN radars in the north-
ern (left) and southern hemisphere (right). Taken from http://superdarn.jhuapl.edu.

convection maps are used to investigate the structure and dynamics of global plasma
convection. Additionally, the measurements are used for gravity wave studies and to in-
vestigate the plasma structure and ionospheric irregularities (Greenwald et al., 1995).

2.5.4 Global maps of total electron content

A large number of ground based GPS receivers is distributed on Earth’s surface. A large
fraction of them belongs to the IGS (International GNSS Service for Geodynamics) that
provides highly accurate data products, e.g., precise GPS satellite orbits3. The dispersive
nature of ionosphere leads to phase differences between the received GPS Ly and L; sig-
nals. The difference is directly related to the Total Electron Content (TEC) through which
the GPS signals have travelled through. The observed slant TEC is projected to vertical
TEC values by applying a mapping function under the assumption of a single layer iono-
sphere (e.g. Jakowski, 1996). The available data sets enable the construction of regional
or global TEC maps. Since 1995 2—-dimensional vertical TEC maps are produced rou-
tinely by DLR Neustrelitz*. These maps are used to identify and monitor disturbances at
ionospheric F layer altitudes as well as travelling ionospheric disturbances (Borries et al.,
2009).

Shttp://igscb.jpl.nasa.gov
*http://www.kn.nz.dIr.de/ionos/maps.htmi
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Figure 2.7: Real-time global TEC map provided from JPL at 22 March 2010 12:40 UTC.
Taken from http://iono.jpl.nasa.gov/latest_rti_global.html.

lonosondes and ISR systems provide time series, often in a high temporal resolution, of
ionospheric data at one location or area, respectively. In order to receive a global picture
on ionospheric conditions, these techniques are only of limited applicability.

Recently, GPS based observations from space as e.g. the radio occultation method can
fill in this blank. They enable global data coverage but do not provide data in a sufficient
time resolution to create time series over a small area. Therefore, the use of all these
methods is justified.



Chapter 3

Atmospheric sounding with the
GPS radio occultation technique

In 1904, Pannekoek published the principle of an occultation for the first time. He pro-
posed to use stellar occultations to explore planetary atmospheres (Pannekoek, 1904).
This concept was adopted and improved by a group at Stanford University in 1962. To-
gether with JPL (Jet Propulsion Laboratory) they developed a two—way coherent Doppler
tracking system which was chosen by NASA (National Aeronautics and Space Adminis-
tration) for installation on Mariner 3 and 4 space crafts to probe the Martian ionosphere
and atmosphere (Yunck et al., 2000; Fjeldbo and Eshleman, 1968). In the following years,
the technique was used to study the atmosphere of Venus. The measurements were per-
formed on the Mariner 5 space probe (Fjeldbo et al., 1971). It also served to explore the
atmospheres of the outer planets of the solar system, their ring systems, and the atmo-
spheres of several moons by the Voyager 1 and 2 missions (Lindal et al., 1983; Tyler,
1987; Lindal, 1988). In the late 1980’s, this technique was proposed to apply to Earth’s
atmosphere using the GPS signals (e.g., Yunck et al., 1988) and was demonstrated for
the first time by the GPS/MET experiment in 1995 (Ware et al., 1996).

Apart from that activities concerning radio occultations were initiated in the former Soviet
Union. For example, Gurvich and Krasilnikova (1990) published the idea to use Soviet
weather satellites for GPS radio occultation measurements and to use these measure-
ments to improve weather forecasts.
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3.1 Atmospheric observations based on GPS

A constellation of LEO (Low—Earth Orbiting) satellites is required to observe Earth’s atmo-
sphere by the radio occultation technique in a sufficient spatial and temporal resolution.
Navigation satellites act as transmitters of the occultation signals. Primarily, their function
is the continuous transmission of radio waves which are used for public and military nav-
igation and positioning with global coverage. The scientific application of these signals
can be considered as a valuable spin—off product. These navigation satellite constella-
tions are also known as GNSS, an acronym for Global Navigation Satellite System. The
most established one is the U.S. American system called NAVSTAR-Global Positioning
System (GPS). It will be described in more detail in the following section. Other navigation
satellite systems are in use or in development by several countries. The formerly Soviet
and now Russian GLONASS was built up in 1982 but fell in disrepair since the collapse of
the Soviet Union. Russia intends to restore the system with the help of India until 2012.
As of April 2010, GLONASS consists of 23 satellites. 21 of them are in operational use.".
China indicated to expand its regional BEIDOU system to a global program named COM-
PASS (Hofmann-Wellenhof et al., 2008). The system was started to built up in 2007 with
the launch of the first COMPASS satellite. In spring 2010 already three satellites are in
orbit. Also India owns a regional navigation satellite system (IRNSS—Indian Regional
Navigation Satellite System) which will consist of seven satellites scheduled for comple-
tion in 20122,

The European Union and the European Space Agency (ESA) started to built up the
Galileo global navigation satellite system. This constellation will consist of 30 spacecraft
orbiting in three planes with an inclination of 56° at an altitude of 23260 km. Currently,
two test satellites are in orbit. The first one, GIOVE —A (Galileo In—Orbit Validation Ele-
ment), was launched on 28 December 2005 from the Baikonur cosmodrome. The satellite
started to emit first Galileo navigation signals on 12 January 2006 (Hofmann-Wellenhof
et al., 2008). The second test satellite, GIOVE — B, was brought into orbit on 26 April 2008.
During the test phase, the Galileo ground based infrastructure and spacecraft payload
are validated. After successful performance of the first tests, four operational satellites
will be launched using two separate launchers for further validation experiments in 2011.
These satellites will be used to validate the Galileo system as a whole. Afterwards, the
deployment phase will start, where all fully operational Galileo satellites will be brought
into orbit and the ground infrastructure will be completed. The full deployment is currently

http://www.glonass-ianc.rsa.ru
2http://www.oosa.unvienna.org/pdf/icg/2008/expert/2-3.pdf
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