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Abstract

Dynamic characteristics of Ka band rain fade (or rain attenuation) over tropical region are relatively less studied, though they are
essential for implementation of suitable fade mitigation techniques. In this paper, dynamic characteristics of rain fade at 20 GHz and
30 GHz from GSAT-14 satellite are reported with experimental measurements at Ahmedabad, India. ITU-R model for fade slope prob-
ability distribution has been analyzed in this paper and Ka band rain fade has been investigated based on this fade-slope analysis. The
ITU-R model is found to closely match 20 GHz measurements, though differences increase at 30 GHz. Fade slopes are found to be within
±0.5 dB/s at both 20 and 30 GHz. Both positive and negative slopes of the fade slope distributions are quasi-similar. ITU-R model’s s
parameter, relating fade slope to filter characteristics, is found to be very close to the measured value for this region. Distributions of fade
slopes are also found to be dependent on the standard deviation values similar to ITU-R recommendation at 20 GHz, but significant
deviation is observed at 30 GHz. This observed frequency dependency might be due to increase in cloud attenuation at high frequencies
or may be due to limited data set. Results indicate needs of further experimental data at high frequencies from other tropical regions to
gain further insight into the fade slope characteristics. This will ultimately help in designing a better prediction model in future.
� 2020 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Knowledge on dynamic rain fade or rain attenuation
characteristics is required for designing adaptive fade coun-
termeasure of a satellite communication link operating
above 10 GHz frequency (Castanet et al., 2003). As more
communication designs exploit Ka/V band, rain attenua-
tion has become a challenging issue. The conventional
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uplink power control (ULPC) is insufficient to mitigate
such a high amount of attenuation during rainy period.
Over tropical and equatorial regions, this becomes more
serious due to frequent occurrences of heavy convective
type of rain (Das et al., 2010, 2013), which usually leads
to a very high rain fade for a significant time of a year.
High link availability demands implementations of proper
adaptive fade counter measures (Castanet et al., 2003;
Sarkar et al., 2014; Ventouras et al., 2001), which in turn,
depend on both first and second order characteristics of
rain attenuation, i.e. both fade amount and fade slope
(Cheffena & Amaya, 2008; Kamp, 2003).
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Fig. 1. Power Spectral Density of the rain attenuation and scintillation
(Year 2014 for both the frequency).
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Several studies on prediction of rain attenuation and
characteristics of fade slope at high frequencies were car-
ried out over temperate locations (Kamp, 2003; Amaya &
Nguyen, 2010; Xin et al., 2012; Green, 2004). However,
such information on tropical or equatorial regions is lim-
ited and most of it is focused only on the 1st order charac-
teristics of rain attenuation (Green, 2004). The 2nd order
rain fade characteristic such as fade slope is also an impor-
tant parameter in designing of efficient fade mitigation
techniques. As rain characteristics change significantly over
tropical regions, commonly used ITU-R models are found
inadequate for prediction of rain attenuation and also in
the modeling of related propagation impairments
(Adhikari et al., 2011; Sujimol et al., 2015; Pontes et al.,
2003; Miranda et al., 1999, Debnath et al., 2017; Ong
et al., 1997). Therefore, experimental studies of fade slope
characteristics at different frequencies over tropical regions
are essential (Das & Maitra, 2016; Jong et al., 2019). In this
paper, we present the experimental characteristics of fade
slope observed in Ahmedabad (23�040, 73�380), a tropical
Indian location, where 20/30 GHz signals are measured
from GSAT-14 satellite and thereby a detailed analysis of
the existing ITU-R (ITU-R P.1623 –1, 2005) fade slope dis-
tribution model has been done for this tropical location in
Ka band.

2. Methodology

2.1. Experimental description

Ka band signal from GSAT-14 satellite has been
recorded at Space Applications Centre, ISRO, Ahmedabad
during 2014 to 2016 with a 2.4 m antenna at an elevation
angle of 63�. The GSAT-14 is located at the Geostationary
orbit at 74oE and transmits linearly polarized signals with
an EIRP of 24 dBw. This experiment is a part of ‘‘Ka band
propagation experiment” in collaboration with CNES/
ONERA. The horizontally polarized beacon signal is mea-
sured with a Ka band receiver with 1 Hz sampling rate at
20.2 and 30.5 GHz (here after, just mentioned as 20 and
30 GHz). The 20 GHz data has been obtained for 3 years
(2014–2016; except August 2015, October 2015 and
December 2015 to February 2016) while only 10 months
of data is available for 30 GHz (June 2014 to March
2015) due to instrument irregularity. The data set for every
month is almost continuous with occasional (as already
mentioned) data gap. For 20 GHz, the data availability
was almost 86% and for 30 GHz it was 83% of the total
measurement time. The rain is also measured for the same
period with a tipping bucket rain gauge and an impact type
disdrometer. The rain rate (mm/hr) is measured with 30 s
temporal resolution.

Ahmedabad is located in a hot, semi arid climate with
extremely dry weather throughout the year except during
the monsoon (June-Sept). The typical average annual rain-
fall is around 80 cm that occurs mostly during the mon-
soon. The rain is characterized by frequent heavy rainfall
during this period. Both convective rain and stratiform rain
occur at this place, but majority of the rain is of stratiform
type (Das & Maitra, 2017).
2.2. Data pre-processing

The analog signal is received in volts, which get digitized
by Analog to Digital Converter (ADC), and after due sig-
nal processing, the signal is converted into dB. In case of
Ka band beacon receiver, the measurement is converted
in dB value by taking into account signal level correspond-
ing to clear sky signal level at low noise amplifier (LNA)
input of the receiver. Clear sky signal level is considered
taking into account Effective isotropic radiated power
(EIRP), Path loss (satellite to receiver path), Cable loss
(spectrum analyzer to low noise amplifier), Antenna Gain
and Low noise amplifier Gain. Calibration curve is taken
as the plot of signal level corresponding to clear sky signal
level at low noise amplifier (LNA) input of receiver in dB
versus voltage. The measurements have an accuracy level
of ±0.5 dB.

A 10th order low-pass Butterworth filter of 0.025 Hz cut
off frequency then filters out the scintillation. The cutoff
frequency is based on the power spectral analysis of the
received signal as shown in Fig. 1. The slope of the power
spectral density of rain attenuation is different from that of
scintillation (Matricciani & Riva, 2008). The cut off fre-
quency is chosen at the point where the slope of the power
spectral density of the signal changes.

At the time of calculation, rainy and non-rainy days are
first segregated. As a clear variation of signal level for each
month is observed, first the non-rainy days, approximately
11–12 days per month during monsoon, are separated. This
process is repeated for each year for 20 GHz data and only
for the year 2014 for 30 GHz data. The signal level values
of these non-rainy days in each month are then separately
averaged before being filtered. Average non-rainy clear sky
signal level is further processed by filtering with same cut
off frequency for removing scintillation. This clear sky level
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is later used as reference signal level for finding attenuation
(dB) for that particular month. The total attenuation is cal-
culated by subtracting reference signal level (dB) from the
measured signal level (dB) during rain. The total attenua-
tion has been considered here as no separation of rain
attenuation has been done from cloud attenuation. How-
ever, the gaseous attenuation has been removed from time
series in this process. As attenuation due to rain is much
higher at the considered frequency band than the attenua-
tion due to the rest of the atmospheric constituents, here it
has been mentioned simply as rain attenuation.

The measured rain attenuation is later used for further
processing. In this work, 1 sec temporal resolution data
have been used and the equation to estimate the fade slope
is:

f ið Þ ¼ A iþ 1ð Þ � A i� 1ð Þ
2

ðdB=sÞ ð1Þ

where A is the attenuation value, i is the ith time instant, f is
the slope.

Here the time interval is taken as 2 sec for calculating
fade slope.
3. Results

3.1. Specific rain attenuation

Fig. 2 shows an instance of severe decrease of signal
strength during rain as observed in Ahmedabad on 17 July,
2014. The corresponding rain rate and rain drop size distri-
bution are shown in the same figure. Large drops are evi-
dent during heavy rain and associated decrease in signal
strength is also very large. In fact, the drop in signal
Fig. 2. An example of the rain attenuation over Ahmedabad (event
date:17th July 2014). (a) rain rate(mm/hr), (b) signal strength (dB) at
20 GHz, (c) signal strength (dB) at 30 GHz, and (d) corresponding DSD
(m�3 mm�1). The DSD concentration is in log base 10 scale in colour bar.
strength was more than 30 dB and signal was lost for a sig-
nificant time for rain rates >60 mm/hr at both the
frequencies.

The specific rain attenuation (c) is usually modeled in
terms of rain rate (R) as c ¼ kRa where k and a are
obtained from experimental measurements. For this pur-
pose, the received signal and rain rate are first time syn-
chronized. Here, the rain rate data has been collected
using a disdrometer. Received rain attenuation is then con-
verted to specific attenuation using the calculated path
length as per ITU-R (ITU-R P.618-13, 2017) following
which the rain rate and specific attenuation are simultane-
ously plotted. Next, the power law coefficient, k and a, are
estimated by power law function using MATLAB soft-
ware. Here, only the data of 2014 is considered for both
the frequencies. Table 1 describes both measured and
ITU-R recommended coefficient values for both the fre-
quencies. It is observed that the ITU-R recommended coef-
ficient values are slightly different from the measured
values (for both k and a) of both the frequencies. This
slight difference may be due to the use of instantaneous
DSD measurements in comparison to the global average
DSD used in ITU-R (ITU-R P.838–3) for calculation of
k and a.
3.2. Fade slope characteristics

Fig. 3 indicates the number of data points exceeding the
mentioned attenuation threshold. Since in our case, the
time resolution is 1 s, the numbers of data points essentially
indicate the total time exceeded by such attenuation thresh-
old. The slope of the curve changes after 7 dB in case of
20 GHz data, thereby indicating a change in the type of
rain. High fades are usually associated with convective
events, which are less probable than low rain rate strati-
form events. However, from the figure one can note that
high fades are encountered in Ahmedabad for a significant
percentage of time, which is a general characteristic of
tropical regions (Das & Maitra, 2017).

The conditional probability densities of rain fade slopes
for different threshold attenuation values for both the fre-
quencies are shown in Fig. 4. Bin size is taken as
0.001 dB/s for f and 1 dB for A. The fade slopes are sym-
metrically distributed around 0 dB/s, for both the frequen-
cies, with a spread that increases with increase in
attenuation. The maximum fade slope is found to be within
±0.5 dB/s for both the frequencies. ITU-R model predicted
Table 1
Coefficient values for Ahmedabad for the Year 2014 (20 GHz and
30 GHz).

Model Frequency k a

ITU-R 20 GHz 0.09164 1.0568
Measured 0.1017 1.142
ITU-R 30 GHz 0.2923 0.9676
Measured 0.2403 0.9485



Fig. 3. Time (sec) for which the attenuation threshold in abscissa is exceeded in 2014.

Fig. 4. Modeled conditional distribution of fade slope with ITU-R model at (a) 20 GHz and (b) 30 GHz.

1554 S. Das et al. / Advances in Space Research 66 (2020) 1551–1557
distributions are shown in the same figure by star marked
lines. Though the ITU-R model closely matches the
20 GHz frequency data, it shows significant variations
from the experimental data at 30 GHz. ITU-R model
assumes that the distribution is dependent only on the stan-
dard deviation values and is independent of frequency. But,
the observed discrepancy between measured and ITU-R
model indicates a frequency dependency. Similar observa-
tions are also reported from a few other locations such as
Delhi (Sujimol et al., 2015), Malaysia (Dao et al., 2013,
2018) and Southern England (Chambers et al., 2006). How-
ever, it should be emphasized here that more data from
other locations and further investigations are essential to
conclude this point.

In order to investigate it further, standard deviations are
plotted against the attenuation threshold values in Figs. 5
and 6. It can be seen that the standard deviations of fade
slopes are increasing in nature for both the frequencies
and are similar to ITU-R model based standard deviation
variation. However, it deviated from the experimental stan-
dard deviation curve after a certain attenuation threshold
value. For better understanding, the numbers of data
points considered for calculating the fade slope standard
deviation, for both the frequencies, are also plotted on
the same figure. At 20 GHz, the total span of measurement
covers three consecutive years (2014–2016) whereas the
data availability for 30 GHz is limited to a span of one-
year (only 2014). From Fig. 5, good agreement between
model and measured standard deviation for 20 GHz is
observed upto 12 dB and the discrepancy starts beyond
that point. From the observed number of data points, it
can be concluded that at 20 GHz, beyond 12 dB attenua-
tion, the standard deviation of fade slope may not be sta-
tistically very stable. On the other hand, as per Fig. 6,



Fig. 5. Fade slope standard deviation as a function of attenuation, at 20 GHz in the period 2014–2016 (solid line), compared to the ITU-R model
predictions (solid line with triangle) and number of data points considered for calculation of fade slope (dashed line) for 20 GHz.

Fig. 6. Fade slope standard deviation as a function of attenuation, at 30 GHz for 2014 (solid line), compared to the ITU-R model predictions (solid line
with triangle) and number of data points considered for calculation of fade slope (dashed line) for 30 GHz.
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the considered data points are limited. That may be the rea-
son behind much discrepancy between measured and mod-
eled standard deviation of fade slope at 30 GHz.
3.3. Dependence of standard deviation with filter

characteristics

Standard deviation is treated as the only controlling fac-
tor of the fade slope distribution in ITU-R model. Since
standard deviation is dependent on filter cutoff frequency
and sampling interval, therefore the equation for
F f b;Dtð Þ is a function of time interval (Dt) (here it is con-
sidered as 2 sec) and the cut-off frequency of the low pass
filter (f b). This can be written as
Fðf b;DtÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2P2=ðð1=f B

b þ 2Dtð ÞbÞ1=b
q

Þ ð2Þ
The value of b is taken as 2.3 (ITU-R P.1623 –1, 2005).
The standard deviation can therefore be written as (ITU-R
P.1623 –1, 2005)

rs ¼ sF f b;Dtð ÞA ð3Þ
The value of s is obtained from the experimental data

and is shown in Fig. 7. A weighted mean of the fade slope
standard deviation for the two frequencies at all attenua-
tion thresholds are calculated and zero offset best fit of
the weighted mean is estimated. The value of s is found
to be 0.011 for Ahmedabad at an elevation angle of 63�
that is similar to the ITU-R model (ITU-R P.1623 –1,
2005) derived value of 0.01. It is again noted here that
the value of s at 30 GHz significantly varies from the best
fit curve. However, it should be noted that the s parameter
is very sensitive to amount of data and this is just a prelim-
inary estimation. A comprehensive study of tropical region
is required to conclude on the behavior of s.



Fig. 7. Parameter s as a function of attenuation for both frequencies and the zero-offset best fit.
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4. Conclusions

Fade slope characteristics at 20 GHz and 30 GHz are
studied for Ahmedabad, a tropical location, with experi-
mental measurements using GSAT-14 satellite. Over all,
the ITU-R model does not match very well with measure-
ments beyond a certain attenuation threshold level at
20 GHz and the deviation increases at 30 GHz. The s

parameter is also found to be similar but does not exactly
match the ITU-R model. It is to be noted, though ITU-R
model is said to be applicable to link elevation only
between 10�–50�, we observe a close match with experimen-
tal results at 63� as well. We also have observed a frequency
dependence of the fade slope characteristics unlike the
ITU-R model and it may be due to cloud attenuation at
high frequencies. This trend may also be due to statistical
instability of limited data set and needs further
investigation.
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