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Abstract 

The tropospheric channel models developed for earth-GEO satellite links are not directly 
applicable for LEO satellites. In the absence of significant propagation datasets, reasonable 
models are developed for the simulation of earth-LEO link. This paper presents preliminary 
models for the simulation of the effect of turbulence on earth-LEO links. 

I. Introduction 

In the last decades, the Ka-band has started to be used in communication satellites, forcing the 
communication engineers to face difficult problems of severe degradation of the signal 
transmitted through the troposphere and bringing forward the necessity of using fade mitigation 
techniques. Large amount of propagation data have been collected from geostationary satellites 
all over the world, leading to the development of semi-empirical statistical models for the 
design of the links and for the generation of time series for testing the fade mitigation 
techniques. All the experimental data were acquired from geostationary (GEO) satellites. So, the 
datasets and models available in the literature and in the ITU-R Recommendations were 
developed with and for GEO satellites. 
 
A recent tendency towards the use of  

• constellations of Low-Earth Orbit (LEO) satellites for true global coverage and 
increased system capacity for real-time services; 

• Earth-Observation satellites carrying an increasing number of instruments and facing 
the problem of downloading a large amount of data; 

brings forward the need to adapt the models for variable elevation angles and the effects of rapid 
satellite movement. It is necessary to have channel models, both statistical and time series, valid 
for these link configurations for gas, cloud and rain attenuation but also for turbulence effects. 

II. Characteristics of Earth-LEO satellite links 

The geometry of the non-GEO satellite link changes with time during the visibility period of the 
satellite. For Medium Earth Orbits (MEO), the velocity of the spacecraft is reasonably low, as 
seen by the earth station, but LEO satellites exhibit rapid variations in the elevation angle during 
the short visibility period. For the simple case of a LEO satellite in a polar orbit, the classical 
orbital mechanics gives the orbital period and the instantaneous elevation angle. For a satellite 
orbiting 700 km above the earth, the orbital period T is approximately 99 minutes and for 300 
km altitude, the orbital period becomes 90 minutes. A satellite at 300 km altitude starts from 20 
degree elevation, passes above the earth station and goes down to 20 degree elevation within 
duration of about 200 seconds. Calculating the angular velocity as 2π/T, is it then possible to 
calculate the velocity of the link at different altitudes: 25-40 m/s at 1 km and 52-80 m/s at 2 km 
altitude [1]. 

So, the motion of the satellite will cause the earth-space path to cross the rain cells and turbulent 
layers in the vicinity of the earth station and give rise to steeper fade slope and probably more 
rapid scintillation than in the case of GEO satellites.  
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Two LEO measurement campaigns have been performed: 

- ROCSAT-1 is a LEO satellite from Taiwan, launched in January 1999. The downlink 
frequency of the propagation payload is 19.5 GHz, left handed polarized.  The orbit 
altitude is about 630 km, with an inclination of 35 degrees and an orbital period of 
about 97 min.  Only a few measurements are available in the open literature [2]. 

- FedSat is an Australian microsatellite, launched in December 2002, using a Ka-band 
transponder devoted to the collection of propagation data.  This microsatellite has a 
mean orbit of 800 km, inclination of 98.5 degrees and orbital period of 100.85 min.  
Due to an elevation masking limit of 30 degree, propagation data were collected on 28 
occasions, with a mean length of less than 10 min [3][4].  

The scarcity of beacon measurements made with LEO satellites will not help the designer of 
future Ka-band LEO systems. So, it is necessary to develop reasonable models for the 
simulation of the tropospheric effects. 

III. Tropospheric models for the effect of turbulence on earth-LEO links  

Examining the effects of the various components of the troposphere, it appears that the 
calculation of the degradation due to gases can easily be evaluated due to their relative 
horizontal homogeneity. Fading due to rain and scintillation require more effort due to the non-
homogeneity of the rain cells and turbulent layers and the combined movement of the satellite 
link and the wind. This paper focuses on the models for scintillation due to turbulence.  
 
Cumulative statistics of scintillation 

A method for the prediction of link availability for non-geostationary satellites is given in 
section 8 of ITU-R Rec. 618-10 [5].  This simple method integrates the cumulative distribution 
of scintillation variance, function of the elevation angle, on the probability density function of 
elevation angle for a given earth-LEO link. The sum is performed on all the elevation angles 
increments. 

This method is a reasonable approximation but there are limitations; it has to be kept in mind 
that the stationary period used for the calculation of the variance (usually 10 to 15 minutes) is 
not adequate for earth-LEO links because it corresponds to a large fraction of the visibility of 
the satellite and a link crossing most of the half space above the earth station. The statistics of 
clear air scintillation have been evaluated after filtering the received power by a low pass filter 
with a cut off frequency of about 0.3 Hz, based on the transverse velocity of the turbulent cells 
across the link. Two problems arise in the case of LEO satellites:  

• the spectrum and other statistical parameters such as the variance, are defined for 
stationary signals. In the case of turbulence, the theory is extended to random functions 
with stationary first increments, assuming that the function is stationary during a “not 
too large” period T. The theory for random processes with stationary increments leads 
to the definition of structure functions of the various parameters (temperature, pressure, 
velocity). The period T during which the functions are stationary have to be checked in 
the case of LEO satellite link. 

• assuming that the previous hypothesis can be applied, the presence of a corner 
frequency has to be checked in the spectrum. Its presence is not evident due to the 
movement of the satellite.  

Concerning second order effects, like fade slope and fade duration, there is no model proposed.  
The reason is clearly that the dynamics of the effects is affected by the combination of the 
satellite movement and the dynamics of the troposphere.  So, the final statistics should depend 
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on the satellite orbit but also on the dynamics and space variability of the troposphere in the half 
space above the ground station, within the transit time of the spacecraft. 

Generation of time series  

It becomes clear from the previous comments that the generation of time series would be very 
interesting and important for the system designer. It however necessitates the full space-time 
knowledge of the half space meteorological parameters during the passage of the satellite. The 
generation of time series will also give information on the dynamics of the scintillation. 

IV. New models for the simulation of earth-LEO links in the presence of 
turbulence 

Eventually, if several channel models have been developed in the past ten years, so far there 
have been only a few attempts to propose models able to take into account LEO satellite 
configurations. A preliminary development has been carried out by W. Liu and D.G. Michelson 
[6][7] considering that the atmosphere is frozen during the visibility time of the satellite. 
Therefore, they proposed to model the space variability of rainfall rate only, using cellular 
models. Afterwards, the varying geometry of the LEO configuration can be considered in 
converting rain rate into rain attenuation. Liu proposes to hybridize a cellular approach with a 
scintillation model. The dynamics of the propagation channel and especially fast fluctuations of 
rain are not taken into account if cellular approaches are used alone and the assumption of 
frozen atmosphere during the visibility time of the satellite is questionable.  

The possibility to use Numerical Weather Forecast (NWF) outputs for the simulation of 
tropospheric scintillation in the case of a LEO satellite link is envisaged. The 3D-matrices of 
pressure, temperature, humidity can be used as input in phase screen propagation software for 
the evaluation of scintillation. The resolution is of course a bit low but the advantage is the 
coherence between the data and the presence of rain and/or clouds, the last parameters being 
also available from the NWF model.  

The use of such meso-scale meteorological models has already been proposed to generate the 
behaviour of the propagation channel over large areas for the simulation of the effect of rain and 
clouds on the link or on the coverage of the satellite [8]. The meteorological model is 
constrained every 6 hours using re-analysis databases (at 0.5° resolution) and 2/3 successive 
grid nests are necessary to reach the target resolution (about 1 km in horizontal plane and 100m 
in vertical direction).  

In a first step, Cn
2 (the refractive index structure function, indicator of the variation of n) has 

been calculated on a grid of 4 km around Louvain-la-Neuve, for a day where scintillation was 
measured. The results are shown in Fig. 1 at an altitude of 2000m. The next step will be the 
simulation of the propagation of the radiowave in the 3D-structure along the LEO link. 

V. Conclusion 

A new model is proposed for the simulation of scintillation on earth-LEO links. Further results 
will be given during the presentation. 
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Fig. 1: Refractive index structure function in the vicinity of Louvain-la-Neuve, at 2000m, 
calculated from NWF meteorological model. 
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