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This paper presents improved methods for the prediction of cumulative distribution of scintillation variance, using 
radiosonde data. This method has the advantage of being usable all around the world and its accuracy is improved with 
respect to classical methods based only on ground measured data. The second part presents a two-layer depolarisation model 
separating rain and ice effects for better scalability. 
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1 Introduction 
 With the rapid expansion in demand for new and 
global broadband communications services there is a 
need to develop the 20/30 and 40/50 GHz frequency 
bands, as well as prediction models accurate all 
around the world. Propagation through the Earth’s 
atmosphere has a major impact on system design, and 
the various propagation effects increase in importance 
compared with lower frequency bands, requiring a 
high degree of accuracy and comprehensiveness in 
their prediction. In addition to attenuation phenomena 
induced by atmospheric gases, clouds and precipitation, 
tropospheric scintillation must be carefully considered 
in planning earth-space links designed to operate at high 
frequency bands or low elevation angles: the dynamics 
of scintillation is important for the implementation of 
fade mitigation techniques. The ITU-R1 proposes a 
prediction method for the cumulative statistics of 
scintillation variance, based on ground temperature and 
humidity. As scintillation is due to turbulent layers in 
the troposphere, a model using temperature and 
humidity profiles should be more precise. This was the 
rationale of the use of radiosoundings for the prediction 
of tropospheric scintillation. 
 A second tropospheric effect, referred to as 
depolarisation, is in fact cross-talk between two 
orthogonally polarised channels, transmitted on the 
same path and in the same frequency band. This effect 
is mainly caused by hydrometeors such as raindrops 
and ice crystals. Due to their oblate or prolate 
spheroidal shapes, they can cause the propagation 

medium to become anisotropic and induce 
depolarisation.  
 This paper presents improved prediction methods 
for scintillation and depolarisation in the 20-50 GHz 
band. 
 
2 Prediction of scintillation 

 The magnitude of tropospheric scintillation 
depends on the structure and intensity of refractive-
index variations along the propagation path. 
Scintillation intensity increases with the microwave 
frequency of the transmitted signal and for smaller 
receiving antennas. Vertical profiles of atmospheric 
parameters (pressure, temperature and humidity) can 
be calculated all over the world using radiosonde data. 
The aim of the model presented in this paper is to 
predict scintillation all around the world, using 
radiosonde data. The classical radiosonde data from 
British Atmospheric Data Centre (BADC) are 
processed by interpolation, so that the data are 
available at equidistant height intervals of 50 m. From 
each radiosonde record, a corresponding profile of the 
mean value of refractive-index structure function 

parameter 2

n
C< >  is estimated following the 

probabilistic approach developed by UCL2.  

 
2.1 Calculation of Cn

2 profiles from low resolution 

radiosoundings 

 The vertical profiles of horizontal wind speed ( v ), 

temperature (T) and specific humidity (q) have 
different scales of variation: a larger scale, of the 
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order of magnitude of 25-50 m, and a smaller scale of 
a few meters3. The smaller scale cannot be detected 
by standard radiosounding data, because usually the 
organization operating the radiosonde do not provide 
the data measured at all levels but only a subset. Such 
a small scale can be well represented by the high 
resolution radiosoundings (like the UK HiRES 
RAOBS database available at BADC) that retain all 
the valid original data. The fine structure is very 
strongly horizontally stratified3. The physical 
parameters used to describe the turbulent layer are, 
the shear parameter (vertical shear), the static 
stability, the Richardson number and the vertical 
derivative of the specific humidity. 
 Horizontal shear flows are dynamically unstable 
when Ri < 0.25 and generate turbulence in the layer. 
With sufficiently high resolution, the authors would 
be able to separate turbulent and non-turbulent layers 

and be able to calculate 2

n
C  for each turbulent layer. 

The low resolution of the radiosonde with respect to 
the thickness of the turbulent layer obliges us to take a 
probabilistic approach, proposed by Warnock4. In a 
given slab of about 50 m, the rate of occurrence of 
turbulent layers and their distribution of thickness 
depends on the fine structure and the mean value of 
Ri. For example, if Ri = 0.5, the fraction of volume 
that is turbulent is about 0.5. The probability density 
functions of all the physical parameters (pL for the 
outer scale, pS for the shear parameter and pN

2 for the 
static stability)  have to be determined and finally, the 
average value of the refractive-index structure 

function parameter 2

n
C  in the atmospheric layer at 

height z can be calculated by the relations: 
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where Lmin and Lmax are the minimum and maximum 
values of the outer scale of turbulence. This parameter 
is calculated versus height, using the potential 
temperature, humidity and wind speed profiles, as 
well as their first order derivative profiles. The 

extraction of 2

n
C< >  profile from one-month of 

radiosonde profile data collected at a meteorological 
station in Belgium revealed that the long-term 

statistical distribution of 2

n
C< >  indexed in height 

can be fairly approximated by a log-normal 
probability function2. This confirms the observations 
made by other authors5,6, provided that the 
observation period is long enough (one month at 
least). 
 In a second step, long-term scintillation statistics 
are derived from the inferred refractive-index 
turbulence profiles, using theoretical results of wave 
propagation through a turbulent medium7, with the 
classical hypotheses of well developed turbulence and 
weak scintillation8. Under the classical assumption of 
a log-normally distributed short-term scintillation 
variance 2

χσ , the mean scintillation variance is 

expressed as: 
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where k is the free-space wave number, θ the 

elevation angle and 2 ( )
n

C z< >  represents the mean 

structure-function parameter, at height z above the 
ground and averaged over the period of available 
radiosonde data. This expression is asymptotically 
valid for  
 

0

z
λ

sinθ
L > >  

 
where L0 is the outer scale of turbulence. The 
expression of the long-term variance of scintillation 

variance, σ
2, is more involved and can be found in 

Vasseur2. Assuming that the long term scintillation 
variance is log-normally distributed, i.e. 
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both m and s parameters are calculated from the mean 
and standard deviation of the scintillation variance, 

2

χσ  and 2
χ

2

σ
σ . 

 The following problem is however required to be 

solved. The 2

n
C  profile is calculated by using the 

profiles of the potential temperature and the humidity, 
as well as their derivative, and the derivative of 
directional wind-speed. Taking the classical two-point 
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derivative procedure enhances the effect of the noise 
present in the measured radiosonde data. The 
refractive-index structure parameter can thereby 
present extremely high values caused by near zero-
divisions. This significantly affects the prediction of 
m and s parameters and consequently, the cumulative 
statistics of scintillation. Filtering the input data 
versus height is not a viable solution, because it 
reduces the height resolution which is already poor. 
 A first step to alleviate the problem has been to use 
averaging of the derivatives. Various averaging 
lengths have been used and Fig. 1 shows the impact of 
the various choices on the final scintillation statistics 
versus measured data2. The final cumulative statistic 
curve is very sensitive to the averaging length. A 

further removal of unrealistic 2

n
C< >  values 

eventually provides good prediction accuracy. The 
criterion for the removal of those values is based on 
the log-normal behaviour of the long-term probability 

of the statistical distribution of 2

n
C< >  for a given 

height. In that case, the median value can be 
calculated from the mean and the standard deviation, 
using the relation  
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and can be compared with the measured one. A 
discrepancy of more than 100% indicates non-valid 
values that are to be removed. This threshold value of 
100% is however somehow arbitrary and may not be 
valid for all the radiosonde types and all the sites. 

 A better solution might be to rely on more elaborate 

derivation methods in order to blindly improve the 

quality and the accuracy of the prediction. As an 

example, a 4-point derivative has been used and 

yields a clear improvement as seen in Fig. 2. In this 

case, the method is fully automatic and there is no 

need to remove unrealistic 2

n
C< >  values. The only 

check to be performed is the verification for avoiding 

a zero divide in the calculation of 2

n
C< > . 

 
2.2 Use of high resolution radiosoundings 
 

 The use of high resolution radiosoundings enhances 

the height resolution and should improve the accuracy 

of 2

n
C< > . The drawback is that the noise present in 

the measured data influences the 2

n
C< >  profile that 

becomes very noisy. So, further work has to be done 

in order to improve the situation. Furthermore, no 

measured scintillation statistics are available on the 

sites where high resolution radiosoundings are 

available. So, no direct verification can be performed, 

only a comparison between low-resolution and high-

resolution radiosoundings can be performed. Figure 3 

shows 2

n
C< >  calculated using the two types of 

radiosoundings and it shows a difference of roughly 

one order of magnitude of 2

n
C< >  between the two 

curves, taken at the same place and during the same 

time period! This effect has to be further analysed and 

is probably related to the preprocessing of the 

radiosonde data, which is different for both 

resolutions. 

 

 
Fig. 1 — Predicted (with 2 different averaging and further 
removal of unrealistic Cn

2 values) and measured (◊) cumulative 
distribution of scintillation variance at 12.5 GHz 

 

 
Fig. 2 — Predicted cumulative distribution of scintillation 
variance at 12.5 GHz, using a 4-point derivative, compared to 
measured (◊) cumulative distribution 



INDIAN J RADIO & SPACE PHYS, OCTOBER 2007 
 
 

372 

 
 

Fig. 3 — Comparison between height profiles of <Cn
2> at 

Aberporth (UK), for July 1996, calculated using low-resolution 
(50 m interpolated) and high-resolution (10 m) radiosoundings 

 
3 Depolarisation prediction 
 The full characterization of the troposphere as a 
depolarizing medium relies on the estimation of the 

transfer matrix for circular polarization, which is a 2 × 
2 matrix relating the actual electric field vector with 
the vector which would be obtained in the absence of 
the atmospheric phenomena. If all polarization 
parameters are to be considered, a complete stochastic 
model can be obtained using the so-called "quasi-
physical" parameters (anisotropy and canting angle). 
These parameters are strictly related to the physical 
mechanisms producing depolarisation (hydrometeor 
axes, turbulence, etc.) and can be predicted from 
climatic parameters, such as the ice content 
parameters9-11. 
 If the double-polarization data are linearly-
polarized, one must compute the circularly-polarized 
matrix. From the B1 (19.7 GHz) switched beacon of 
the Olympus satellite measured data (matrix M, for 
local horizontal and vertical polarizations h and v at 
the earth receiver), one can first compute the 
corresponding matrix T along x and y polarizations as 

(τ is the tilt angle): 
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Fig. 4 — Phase imbalance between Cll and Crr 

 
 This matrix T is then converted into the circular 
polarisation (CP) transfer matrix C: 
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Under very general assumptions (i.e. predominant 
forward scattering propagation, longitudinally 
homogeneous medium, particles’ shape characterised 
by a symmetry axis) the diagonal elements of the 
transmission matrix in linear polarization should be 
equal. During the OLYMPUS and ITALSAT 
propagation campaigns it was observed that the 
measured values of CII and Crr were not equal in 
phase, because Tyx ≠ Txy. This has been ascribed to a 
phase shift induced by the polarization switches in 
both the OLYMPUS and ITALSAT propagation 
payloads. Therefore, a phase correction is performed, 
so that CII = Crr with the phase equalling the average 
phase of rough CII and Crr. Figure 4 illustrates the 
phase difference as a function of XPD level for all 
events in year 1990 at the receiving station of Lessive, 
in Belgium.  
 The matrices T and M are then re-computed after 
phase correction. This correction is not required for 
circularly polarized beacons, such as the Italsat 50 
GHz beacon. Finally, the off-diagonal elements of the 
"reduced" circular polarization matrix can be 
estimated as:  
 

δ

δ
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 The rain canting angle rainφ  is based on the circular 

depolarisation measured data. In order to derive the 
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complex rain anisotropy from the data, the theoretical 
calculation of rain anisotropy for perfect alignment of 
the rain drops (with unitary reduction factor) is 
estimated, assuming the MP drops size distribution. 
Finally, the actual rain reduction factor is inferred 
from the “measured” anisotropy. The ice content is 
derived assuming ice crystals are needles. The canting 
angle and anisotropy are estimated, based on the 

phase of rain anisotropy ( rainχ ) and the circular 

depolarisation measured data12. Assuming on a first 
approximation that the particles located in the melting 
layer are less effective than rain and ice particles in 
depolarizing at this frequency, the total XPD can be 
finally estimated based on the assumption of a 
cascaded medium: 
 

rain ice
= ×T T T  

 
 Both matrices are calculated from the previously 
estimated parameters. Figure 5 shows the measured 
and simulated data calculated using the above 
described method. The simulated data follow quite 
accurately the measured XPD/CPA data, which 
proves that the hypotheses made (ice and rain 
separated, two layers model, needles shape for ice, 
…) are realistic. This method allows the simulation of 
XPD/CPA instantaneous values for other frequencies 
and elevation angles. It is also possible to retrieve the 
ice content and to calculate its statistics. 
 

 The physical parameters of rain and ice are 

extracted from the measured transmission matrix at 20 

GHz, using the Olympus B2 satellite measurements. 

The XPD-CPA graph can then be reconstructed at any 

other frequency. A comparison between reconstructed 

and measured XPD-CPA at 40 GHz (Italsat), is shown 

in Fig. 6. The 40 GHz XPD (crosses), reconstructed 

from 50 GHz dual polarisation measurements, agrees 

quite well with the measurements (dots). A small 

constant difference in level between simulation and 

measurement can be observed. This is due to the fact 

that at 40 GHz, which was a single polarised beacon, 

the template extraction could only be performed using 

depolarisation vectors and not the full transmission 

matrix (like for the dual polarization beacon at 50 

GHz). In this case eventual differential gains between 

orthogonal polarization in the transmitter and receiver 

RF cannot be removed only by vector correction, 

whereas matrix correction and comparison with 

frequency scaled measurements can identify and 

correct this effect. 

 
 

Fig. 5 — 1st June, 1990 results at 19.7 GHz, cross-polar 
discrimination (XPD) versus copolar attenuation (CPA), 

horizontal polarization; measured data (⋅) and simulations (x) 
 

 
 
Fig. 6 — Measured (.) and simulated (x) data for the rain event of 
4 Sep. 1999, at 40 GHz, circular polarization (CP) 

 
4 Conclusions 
 Two methods have been presented, improving the 
prediction of scintillation variance and depolarisation 
statistics. Their accuracy is good but they show some 
weaknesses; further developments are needed. 
Radiosoundings have proved their interest for the 
calculation of scintillation statistics all over the world. 
The method presently used for the prediction shows 
however a high sensitivity to the raw data properties 
and pre-processing, and should be improved. These 
methods have to be further tested on a larger number 
of events and at various locations. 
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