
RADIO SCINTILLATION BY THE MARTIAN TURBULENT IONOSPHERE AND

ATMOSPHERE-SIMULATION RESULTS

Andrzej W. Wernik (1), J.-C. Cerisier (2)

(1) Space Research Centre, Polish Academy of Sciences,  Bartycka 18a, 00-716 Warsaw, Poland,
E-mail : aww@cbk.waw.pl

(2) Centre d'Etude des Environnements Terrestre et Planétaires, 4, Av. de Neptune,
94107 St Maur des Fossés Cedex, France, E-mail: jean-claude.cerisier@cetp.ipsl.fr

ABSTRACT

Numerical simulations of scintillation measurements within the NetLander Geodesy and Ionosphere Experiment
(NEIGE) are presented. The multiple phase screen scintillation model is used, allowing for vertical variations of the
background ionosphere (atmosphere) parameters. It is shown that ionospheric scintillation at 400 MHz is weak due
to a small electron concentration and ionosphere thickness. Atmospheric S-band scintillation is very weak. For
studies of the atmospheric turbulence X-band wil l be more useful. We also show that the reconstruction procedure
based on either the phase screen model or moments of the wave field yields useful information about the irregular
structure of the medium.

INTRODUCTION

The NEIGE (NetLander Ionosphere and Geodesy Experiment) is one of the nine experiments planned for the
NetLander mission to Mars in 2007 [1]. The NetLander mission aims at deploying on the surface of Mars a network
of 4 landers, which wil l perform simultaneous measurements in order to study the internal structure of Mars, its sub-
surface and its atmosphere. NEIGE scientific objectives are two-fold: (1) to determine Mars orientation parameters
in order to obtain information about the interior of Mars and the seasonal mass exchange between atmosphere and
ice caps,  (2) to determine the total electron content (TEC) and the scintil lation of radio signals in order to study the
large- and small-scale structure of the ionosphere of Mars. These objectives are achieved through precise Doppler
shift and amplitude measurements of radio links at UHF and X-band between landers and orbiter, and between the
orbiter and the Earth (at X-band). Scintillation measurements at X-band will provide additional information about
the turbulence in the Martian atmosphere. In this paper we present results of the scintillation simulations performed
to establi sh the technical parameters of the transmitters and receivers required to be useful in the studies of small -
scale structure of the Martian ionosphere and atmosphere.

SCIENTIFIC OBJECTIVES OF THE SCINTILLATION MEASUREMENTS

The scientific objective of scintillation measurements is investigation of electron density irregularities caused by the
interaction of the magnetized solar wind with the Martian ionospheric plasma, and atmospheric irregularities related
to acoustic-gravity waves and turbulence. These measurements wil l also provide information about the effect of
scintillation on radio links between the landers and orbiter.
Plasma waves play an important role in the dynamical coupling between the solar wind and planetary ionospheres
[2, 3]. These plasma waves are generated on the bow shock associated with the deflection of the solar wind around
planetary plasma. Waves propagating in the ionosphere create ‘clouds’ of plasma concentration. On sharp edges of
these clouds plasma instabil ities may operate leading to the development of small-scale, kilometer size and less,
plasma irregularities, which change the refractive index and, consequently, cause scintillation of radio waves.
Early stellar occultation observations gave evidence for the presence of acoustic-gravity waves in the Martian
atmosphere [4]. In the Earth ionosphere acoustic-gravity waves are seeds for small-scale plasma density
irregularities. Similar mechanism may work in the Martian ionosphere. Thus, scintillation caused by such
irregularities wil l give information about the dynamics of the neutral atmosphere.
In the lower atmosphere, the neutral temperature inhomogeneities can also cause scintillation. Since the atmosphere
is non-dispersive, the frequency dependence is different for atmospheric and ionospheric scintillation.

SCINTILLATION THEORY

It is well establi shed that the radio wave scintillation is caused by diffraction on the refractive index irregularities
related to the electron density fluctuations in the ionosphere, or atmospheric turbulence. Irregularities with sizes
much larger than the wavelengths disturb the wave front and cause random phase modulation. As the wave
propagates toward the receiver further phase mixing occurs changing the modulation of the wave and eventually



producing a complicated diffraction pattern on the receiving plane. If the receiver (orbiter) moves with respect to the
transmitter the diffraction pattern appears as temporal variations of amplitude and phase.
The scintil lation theory relates the observed statistical parameters of the signal to statistics of the irregularities [5, 6].
The simplest and suff iciently accurate, version of the scintill ation theory is the phase screen approach. In this
approach the irregular layer is replaced by a thin screen modifying the phase of the wave in exactly the same way as
does the irregular layer. After traversing the screen the wave propagates in vacuum in the z direction.  Its complex
amplitude is given by the Fresnel diffraction formulae:
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A0 is the amplitude of the incident wave, k=2π/λ, ρρ is the position vector on the screen, z − the distance between the
screen and receiver, L − the thickness of the layer with irregularities, and ∆n represents refractive index fluctuations.
In the ionosphere ∆n ≈ −reλ2N/2π, where re is the classical electron radius, and N is the electron density fluctuation.
In the turbulent Martian atmosphere ∆n ≈ CN where C depends on the chemical composition of the atmosphere, and
N is the atmospheric concentration.
For the purpose of the scintillation simulation it is necessary to assume the spatial power spectrum of the electron
and atmospheric concentration fluctuations. Measurements in the Earth ionosphere and atmosphere show that the
three-dimensional power spectrum is of the power-law form:
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where σN is the concentration rms value, κ0 is the wave number corresponding to the outer scale of turbulence, α
and β characterize the anisotropy of irregularities, p is the spectral index, and Γ − the gamma function.
Numerical procedure to generate the random Gaussian field, representing concentration fluctuations with the power
spectrum (3) is straightforward and described, for instance, in [7].
For a wave propagating in an extended medium with inhomogeneous background, such as the ionosphere with
varying background density, multiple phase screen approach is more appropriate [7]. In this approach the irregular
layer is divided into a number of thin layers. These layers are replaced by phase screens. The phase variations on
each screen are calculated using the geometric optics formula (2).  Between phase screens the wave propagates in
free space. The multiple screen approach has been used in our simulations. Additionally, for anisotropic
irregularities, we took into account the geometry of propagation.

ASSUMPTIONS AND RESULTS

Information collected by Viking 1 and Viking 2 landers, Mariner 9, and recently, Mars Global Surveyor, allow
modeling of the global structure of the Martian ionosphere and atmosphere with suff icient accuracy. Much less
information is available about ionospheric and atmospheric irregularities and we have to assume that the irregular
structure of the Martian environment is similar to that of the Earth.
In the ionospheric scintil lation simulations we assumed that the electron density profile can be approximated by the
Chapman profile with maximum height at 120 km, maximum density 5⋅1010 electrons/m3, and scale height 15 km.
Irregularities fill a 60 km thick layer centered at the maximum electron density height. It is assumed that the
irregularity power spectrum is of the power-law form (5) with the outer scale 5 km and the spectral index p=3.5.
To simulate atmospheric scintillation we assumed that the density is decaying exponentially with the scale height 11
km. Irregularities are concentrated close to the surface in a layer 10 km thick.  The principal component of the
atmosphere is CO2. As in the Earth atmosphere irregularities are elongated horizontally. The spectral index p=11/3
(Kolmogorov spectrum) and the outer scale is 5 km.
In accord with the NEIGE concept, it is assumed that the transmitter is located on the lander and the receiver on the
orbiter at 400 km above the Martian surface. Numerical simulations have been carried out for 400 MHz, 2.3 GHz
(S-band), and 8.4 GHz (X-band).  As the output of calculations we get the power spectra of amplitude and phase
scintillation, rms phase, and the scintillation index S4, which is a measure of the intensity of amplitude scintillation.



Fig. 1. Power spectra of ionospheric phase scintillation ∆φ at 400 MHz and ampli tude scintil lation
at 400 MHz and 2.3 GHz.

Examples of the calculated phase and amplitude spectra are shown in Fig. 1. It was assumed that the rms electron
density is equal to 10% of the background density. Note that the spectral index of scintillation spectra is
approximately equal to p-1.
Ionospheric ampli tude scintil lations at 400 MHz and 2.3 GHz are very weak: S4 scintillation indices are equal to
0.04 and 0.005, respectively. The S-band scintil lation is practically non-measurable. However, the scintillation
intensity increases with the zenith angle due to increased length of the propagation path through the irregular layer.
This is illustrated in Fig. 2. One can see that at the zenith angle exceeding 600 both the scintillation index and rms
phase increase at the rate dependent on the irregularity anisotropy.
Simulations of the atmospheric turbulence effects show that the X-band scintillation is stronger (S4=0.05 at zenith)
than S-band scintillation (S4=0.02).

Fig. 2. Dependence of scintillation on the zenith angle of orbiter for irregularities with various degrees of anisotropy
characterized by the parameter α (α < 1 means that irregularities are elongated in the horizontal direction).



Simultaneous measurements of the phase and amplitude scintillation, i.e. of the complex amplitude, wil l enable to
estimate the parameter LσN

2. Indeed, it can be shown (cf. [5]) that the mean complex amplitude <u> is related to the
variance of the phase fluctuations introduced by irregularities φ0

2 through <u>=A0exp(-φ0
2/2), where A0

2 = <u2>.
This relation leads to the following expressions:
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Tests performed on the simulated data confirm the usefulness of this procedure.

CONCLUSIONS

1. Due to a small electron concentration and small thickness of the Martian ionosphere scintillation at UHF is
weak.

2. Intensity of the ionospheric as well as atmospheric scintillation increases with the zenith angle of the orbiter at a
rate strongly dependent on the irregularity anisotropy.

3. Atmospheric scintillation is weak in the S-band. For the purpose of the atmospheric turbulence studies X-band
will be of greater use.
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