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Abstract

Plasma turbulence in the ionosphere is considered of significant impor-
tance for communication, navigation, and surveillance systems based on
trans-ionospheric radio links, since radio scintillation caused by electron
density irregularities in the ionosphere may result in signal degradation
and outage. In addition, some remote sensing techniques may also expe-
rience severe disturbances. With the help of ionospheric models it is pos-
sible to correct for these disturbances up to certain levels. However, these
models do not represent very well the real ionosphere at high latitudes,
since the models have been built with the use of empirical data obtained
at mid- and low-latitudes. Thus, one of the purposes of Work package 10
of the EISCAT_3D project is to investigate the feasibility and utility of
employing long incoherent scatter radar data time series to improve the
integrity of trans-ionospheric radio communication signals, especially at
high latitudes. One critical area in which this contribution can be im-
portant is in improving the ionospheric models used by the GPS and the
future Galileo global navigation satellite systems. This first version of the
report on the subject gives a short overview of satellite navigation systems
and remote sensing satellite systems. In addition, the physical basis of the
Total Electron Content (TEC) is introduced, as well as different ways of
retrieving other ionospheric parameters that play a role in the degradation
of radio signals. Finally, a review is presented of previous work concerning
the measurement of electron density by means of incoherent scatter radar,
in particular by EISCAT, and includes a comparison with electron density
measurements obtained by other instruments as well as comparisons with
existing models. The overviews and reviews presented here validate the
need for this study and lay the groundwork for the plan and content of
the next version of the report on the subject.
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1 Introduction

Plasma turbulence in the ionosphere is considered of significant importance for
communication, navigation and surveillance systems based on trans-ionospheric
radio links, since scintillations caused by the consequent electron density ir-
regularities in the ionosphere may result in signal degradation and outage. In
addition, some remote sensing techniques, such as SAR (Synthetic Aperture
Radar), may also experience severe disturbances.

A scientific study addressing the consequences of ionospheric plasma turbu-
lence needs to considerer the following issues: (1) investigate and understand the
physical processes that determine the ambient ionospheric (and thermospheric)
state which may lead to plasma irregularities; (2) identify the mechanisms that
trigger the plasma processes and instabilities that generate signal degradation;
(3) determine the effects of the plasma irregularities on the propagation of radio
waves and identify the scattering processes that alter the radio wave characteris-
tics that result in amplitude and phase degradation; (4) characterise the irregu-
larity spectra as a function of the ionospheric drivers and determine the relative
efficiency of the spectral components to alter the radio wave signals as a func-
tion of wavelength; (5) forecast the occurrence of irregularities, including their
strength and wave characteristics, and the resulting radio wave communication
disruptions, and (6) investigate and suggest possible mitigation measures.

The present version of the report gives a short introduction to Global Navi-
gation Satellite Systems (GNSS) and Synthetic Aperture Radar (SAR) as well
as the impact of ionospheric disturbances on the performance of these systems
(Section 2). Furthermore, the physical background of the Total Electron Con-
tent (TEC) and scintillation processes are shortly presented (Section 3). In the
following part, a short description of methods for retrieving the TEC is given
(Section 4). Previous work concerning the measurement of electron density by
means of incoherent scatter radar, in particular EISCAT, and the comparison
with electron density estimates from different measurements and ionospheric
models is reviewed in Section 5. The report finishes with a summary and out-
look for the next version of the report (Section 6).



2 Overview over GNSS and SAR

2.1 Global Navigation Satellite Systems (GNSS)

The Global Positioning System (GPS) satellites transmit at two coherent fre-
quencies in the L-Band at f; = 1575.4 Mhz (L) and at f; = 1227.6 Mhz (L»).
The L, frequency is modulated by a public Coarse/Acquisition code (C/A) with
an effective wavelength of 300 m. Both carrier frequencies are modulated by a
precise code (P or Y) with an effective wavelength of roughly 30 m. For unau-
thorized users the accuracy of the GPS signals can be degraded by selective
availability (SA) or antispoofing (AS). In the case of SA, the accuracy obtained
from the C/A code is limited to about 100 m by artificially introduced errors in
the navigation message. If the encrypted code Y is activated (AS), only military
receivers can utilize the much more precise code measurements.

To determine the range between the spacecraft and receiver, the time-delay
of the pseudorandom-noise code sequences of the received signal is measured
with rather high accuracy by cross-correlation with the receiver-generated code
sequence. However, several errors bias these measurements, e.g., clock offsets on
board the satellites in addition to ground, tropospheric, ionospheric or multipath
effects. Hence, the measured ranges are referred to as pseudoranges p and are
expressed such as

p=p+C(dt—dT)+d1+dT+de+dq+dQ+6p, (1)

where p is the geometric range between the spacecraft and receiver, ¢ the velocity
of light in vacuum, dt the offset of the satellite clock, d1' the offset of the
receiver clock, d; the ionospheric delay, dr the tropospheric delay, dyp the
effect of multipath on the pseudorange, dg the instrumental group delay bias of
the satellite, d@) the instrumental group delay bias of the receiver and €, the
random error on the pseudorange.

The ionospheric delay dj is frequency dependent and thus the pseudorange
differences between the L; and Lo signals cancel out the unknown range p, the
clock offsets and the tropospheric error in Eq. (1). This then also provides
an estimate for the Total Electron Content (TEC) as described in Section 3.
Unfortunately, the differential instrumental biases and multipath terms do not
compensate. Thus, TEC estimates based only on pseudorange differences are
relatively uncertain, since the fluctuations may exceed the expected TEC values.

For an overview over the GPS see, e.g., Hofmann-Wellenhof et al. (2001).

2.2 Ionospheric effects on GNSS applications
This section gives a short overview over the main problems that GNSS users
experience in connection with ionospheric disturbances.

2.2.1 Increased time required to fix GNSS signal phase ambiguities

The main task of GNSS reference networks is to provide ionospheric correc-
tions to the users for achieving centimetre level accuracy. One of the factors



that governs the performance of such a GNSS reference network service is the
time required to solve the phase ambiguities which arise from ionospheric vari-
ability. Jakowski et al. (2005) reported that during the geomagnetic storm on
October 29, 2003, the ambiguity fixing time extended so much that it became
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