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Abstract

Experimental measurement of satellite signal at 20.2 GHz using GSAT-14 satellite beacon has been carried out over the hilly tropical
location Umiam, Shillong during 2017–2019. Collocated rainfall measurements have been done using a laser precipitation monitor for
the same duration. The data have been analyzed to understand the signature of orographic rainfall on the Ka-band signal and to achieve
the highest possible reliability of signal reception for a high rainfall tropical location. Complementary cumulative distribution of exper-
imentally obtained rain attenuation is compared with that of conventional ITU-R model calculated rain attenuation and recently devel-
oped Chang Sheng model predicted rain attenuation values. The result shows severe overestimation of the actual measurement by both
the ITU-R model and Chang Sheng model. The Chang Sheng model is further modified with the orographic adjustment factor for pre-
dicting orographic rain attenuation. The model was developed based on the data of 2017–18 and validated using the measured attenu-
ation of the year 2019. The performance of the proposed model is evaluated in terms of RMSE and correlation coefficient. The value of
the correlation coefficient has been found to be 0.988, and the RMSE value has been found to be around 3.0986, which indicates the
acceptable performance of the proposed model. The proposed model is further optimized for operational elevation angle range, rain rate
range, and frequency range. The proposed model will help in optimizing the power utilization in the Uplink Power Control technique for
rain attenuation mitigation over high rainfall hilly regions.
� 2022 COSPAR. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Increasing use of broadband satellite services calls for
the use of higher frequency bands (>10 GHz) to overcome
the spectral congestion at lower frequency bands. The use
of higher frequency bands also makes possible miniaturiza-
tion of equipment dimensions. However, Ka-band frequen-
cies are seriously affected during rain and are a serious
concern for high rainfall regions.
https://doi.org/10.1016/j.asr.2022.05.002
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In this respect, experimental studies have been carried
out mainly over temperate locations and very few tropical
countries due to the limited availability of experimental
beacon measurement at these frequencies. Kubista
(Kubista et al., 2000) showed that there was a wide varia-
tion of signal availability over urban, semi-urban, and
tree-shadowed regions of Germany, Austria, Netherland,
and France based on the cumulative distribution function
of the received signal from the ITALSAT satellite at
18.7 GHz at 28� and 36� elevation angles. In another study,
three years of experimental measurements of beacon sig-
nals at the frequency 20.185 GHz and 27.505 GHz have
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been done as a part of the NASA ACTS experiment over
eight different locations in the USA (Feldhake and
Sengers, 2002). It was concluded that the ITU-R model-
based DAH model (Dissanayake et al., 1997) and radar
measurement-based Excell model (Luini and Capsoni,
2011) show, in general, 30% to 40 % errors while compar-
ing with the experimental result. On the contrary, using
three years of experimental measurement at 20 GHz over
eight stations of North America, (Tjelta et al., 2017) found
that the ITU-R model (Rec. ITU-R P.618-12, 2015) per-
forms satisfactorily well for most of the time and even at
the low elevation angle of 3.2�.

Over the location Singapore, after analyzing beacon sig-
nals at 18.9 GHz (Yeo et al., 2014) from WINDS and
GE23 satellite; a model was proposed and compared with
several existing models like Yamada (Yamada et al.,
1987), Dissanayake (Dissanayake et al., 1997), and
Ramachandran (Ramachandran and Kumar, 2007). The
proposed model was found to outperform the existing
models compared. Recently, (Changsheng et al., 2018) pro-
posed a slant-path rain attenuation prediction model con-
sidering the non-monotonic behavior of rain attenuation
with the elevation angle and the rain rate. ITU-R model
predicted attenuation (Rec. ITU- R P.838-3, 2005, Rec.
ITU-R P.618-13, 2017) was also compared (Samat et al.,
2019) with the experimental results over Malaysia using
beacon signal from MEASAT-5 at frequency 20.2 GHz.
ITU-R model was found to overestimate the experimental
attenuation values over that location. The author indicated
that the discrepancy might be due to the large antenna size
and the high elevation angle of 68�. Over the tropical
coastal region of Thiruvananthapuram (8.5�N, 76.8�E),
the Ka-band satellite signal from GSAT-14 was tracked
and characterized (Mishra et al., 2020). This study has been
evaluated with the ITU-R model (Rec. ITU- R P.838-3,
2005). It was found that the ITU-R model estimated atten-
uation did not match with measured attenuation over this
location.

In the absence of beacon measurement, the variability
of rain attenuation has been studied from the raindrop
size distribution (Maitra., 2004, Das et al., 2010) for the
range of frequency 10–200 GHz over different tropical
locations. Further, the rain attenuation distribution has
been studied over other tropical areas for the range of fre-
quency 1–1000 GHz using Mie scattering and Liebe’s
dielectric model (Mulangu and Afullo, 2009). Over the
tropical locations, some indirect radiometric measure-
ments were also available (Karmakar et al., 2000) for rain
attenuation prediction at 22.235 GHz and 31.4 GHz.
Forty years of rainfall data from different sites of Bangla-
desh (Begum and Ifiok, 2008), a tropical country, have
been used along with Rice- Holmberg model (Rice and
Holmberg, 1973) to find the rain rate and the attenuation,
based on the ITU-R model (Rec. ITU-R P.618-8, 2003).
The existing rain attenuation model was then modified
for predicting attenuation at 18.7 GHz using the beacon
measurement of Sparsholt, U.K.
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Existing models of rain attenuation, as given by (Flavin,
1996) and (Dissanayake et al., 1997), cover a wide fre-
quency range from 4 GHz to � 60 GHz. However, the
attenuation prediction was consistently underestimated
while validating the experimental result over the tropical
regions. In recent years, the parabolic equation model
(Sheng et al., 2014) was developed at the millimeter wave
frequency band for rain attenuation prediction. It was
shown to be successful in considering the uncertainty in
the physical conditions over a satellite link. A simulation
(Panchal and Joshi, 2016) study over different Indian loca-
tions based on ITU-R model(Rec. ITU-R P.618-12, 2015),
SAM model(Stutzman and Yon, 1986) and Garcia Lopez
model (Garcı́a-López et al., 1988) has shown that each
model has acceptable performance for a specific range of
rain rate and operating frequency as well depend on the cli-
mate of that region.

The previous studies indicate that above 10 GHz satel-
lite link design is very sensitive to the elevation angle and
the rain rate. Several rain attenuation prediction models
indicate a non-monotonic behavior with the elevation
angle as indicated in the (ITU-R recommendation, 2003;
Rec. ITU-R P.618-12, 2015), Brazil model (Rec. ITU-R
Doc. 3M/17, P.618-7, 2003) and in other literature (Mello
and Pontes, 2012)). However, this is not in accordance with
the actual measurements. Further, predicted rain attenua-
tion has been found to vary non-monotonically with the
rain rate for low latitude (within 36�S and 36�N) and espe-
cially for the low elevation angle within 25� (Rec. ITU-R
Doc. 3J/50, P.618-9, 2008) which is again not supporting
the actual measurement. A very recent model
(Changsheng et al., 2018) especially developed for the low
latitude (36�N – 36�S) and the elevation angle (<25�), takes
care of the non-monotonic behavior of attenuation with
the elevation angle and the time percentage. This model
proposes an adjustment term for the rainfall rate consider-
ing the exponential profile of the rain cell. The exponential
profile of rain cells accounts for the non-uniform rain rate
distribution in space and time. The rain rate adjustment
factor in this model is calculated using a simulated anneal-
ing algorithm (SAA), Genetic algorithm (GA), and ITU-R
DBSG3 database. This model has outperformed other
existing models above 10 GHz for a wide range of frequen-
cies, latitudes, and elevation angles.

Another critical issue in rain attenuation studies is that
the majority of these studies were carried over the plain
locations, and there are very few studies of the propagation
impairment have been attempted over the hilly locations.
Recently, (Debnath et al., 2017) found that the ITU-R
model (ITU-R P.838-3, 2005) predicted attenuation
matches well with the experimental data at Ka-band fre-
quency only at the high end of attenuation over Shillong,
a hilly location. The presence of a hill causes a significant
impact on the rainfall pattern and leads to an enhancement
of rainfall intensity. Therefore, signal attenuation due to
rainfall over hills needs special attention. Rain attenuation
at the hilly terrain is not only modified by terrain type but
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also by the background precipitation intensity, the effect of
which, in turn, is reflected on path length. It can cause
long-duration attenuation, which can be addressed by
including orographic modification to the rain attenuation.
At the Ka band, where attenuation is significantly higher
than the Ku band, reliable prediction is difficult to achieve
without proper modification of attenuation considering
orography. The path integrated attenuation method is
unstable towards the high attenuation range. Moreover,
radar data has limited performances over hilly regions as
reflections of the signal at the hill (Gray and Seed, 2000),
and the earth’s curvature may affect the measurement.
Also, radar often scans above the region where orographic
transformation occurs. Therefore, reliable models based on
ground-based measurement are essential for the satellite
communication link designers, even for the hilly locations.

This paper primarily attempts to characterize rain pat-
terns over the hills and proposes a further modification
of the Chang Sheng model for rain attenuation prediction
over the hilly region. The following section describes the
ITU-R model for rain attenuation prediction and the mod-
ification proposed in the Chang Sheng model.
2. Rain attenuation models

2.1. ITU-R rain attenuation model

This model (ITU-R P.838-3, 2005) considers point rain
rate distribution and assumes a uniform spatial rainfall
structure. Percentage exceedance of rain attenuation for
0.01% of the time is modeled as.

A0:01 ¼ YLE ð1Þ

where specific attenuation is denoted by Y and L E is path
length covered by rain.

Again specific attenuation is given by:

Y ¼ KR0:01
a ð2Þ

Kand a are frequency-dependent coefficients,R0:01 is the
rain rate exceeded 0.01% of an average year.

However, neither temporal nor spatial profile of the rain
rate is uniform. ITU-R model (ITU-R P.838-3, 2005)
shows a non-monotonic variation with elevation angle
(Changsheng et al., 2018), rain rate, and time percentage,
especially for low latitude and low elevation angle.
2.2. Chang Sheng rain attenuation model

To account for the above limitation of the ITU-R model
(ITU-R P.838-3, 2005), Chang Sheng rain attenuation
model used the path adjustment factor (reff) of the Crane
model (Crane, 1980),

reff ¼ R
�

R pð Þ ð3Þ
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R
�
is average rain rate over satellite path and R pð Þ is the

rain rate at a time percentage p. It considers the rain cell
profile of the EXCELL (Luini and Capsoni, 2011) model
and the HYCELL(Feral et al., 2003) model to address spa-
tial non-homogeneity of rain. The rain rate distribution
along the slant path is given by

R x; pð Þ ¼ Rmax pð Þe�b x�LDj j ð4Þ
where R x; pð Þ is the percentage exceedance of rainfall rate
for p% of time at a distance x � from the receiver. R max

pð Þ is the maximum rain rate for p% of an average year
along the horizontal projection in (mm/h), LD(km) denotes
the distance between the maximum rain rate location and
the location of the observation site. b is the inverse of
equivalent radius at the point where rain-rate falls by 1/e,
i.e.

R ¼ Rmax

e
ð5Þ

Assuming the majority contribution by only one cell for
simplicity, Eq. (3) is modified as.

Rmax pð Þ ¼ R 0; pð ÞebLD ¼ R0 pð ÞebLD mm=hr

ð6Þ
where R0 ¼ R 0; pð Þ

Now from Eq. (2).

Y ¼ KR0:01
a

Kand a are frequency-dependent coefficients,R0:01 is
rain rate exceeded 0.01% of an average year.

Exceedance of attenuation during p% time is calculated
as follows:

A pð Þ ¼
Z Ls

0

kRðlcosh:pÞadl ð7Þ

¼ k½R0ðpÞ�a Lsdð Þ ð8Þ
where ½R0ðpÞ� ¼.

R Ls
0 Rðlcosh:pÞ

where Ls is the length of the slant path, h is the elevation
angle, and d is the path adjustment factor.

The path adjustment factor is given by.

d ¼ 2baLD

baLsCosh
1� e�baLG
� � ð9Þ

LG(km) denotes the distance between rain rate at rain
height location and observation site.

Applying Taylor series expansion of exponential term of
Eq. (9).

1� exp�baLG � baLs cos h ð10Þ
Using Eqs. (4), (9), and (10), attenuation exceedance for

p% of time is modified as.

AChangSheng ¼ A pð Þ ¼ k½r pð ÞR pð Þ�a LS ð11Þ
where R(p) is the rainfall rate for p% average exceedance.

The adjustment factor of rain rate (Changsheng et al.,
2018) is given by.
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r pð Þ ¼ r1 pð Þr2 pð Þ ð12Þ
where r1 pð Þ ¼ a1R pð Þa2þ

a3
Ls ð13Þ

and r2 pð Þ ¼ 1þ a4P
a5

1þ a6Ls
ð14Þ

The coefficients a1; a2 a3 ; a4; a5 ; a6 are obtainable from
previously mentioned algorithms (Changsheng et al.,
2018) and the ITU-R DBSG3 database.

Finally, putting the value of r1 pð Þ and r2 pð Þ in Eq. (12)
rain rate adjustment factor comes as.

r pð Þ ¼ 3:78R pð Þ�0:56þ1:51
Ls 1� 0:85p0:065

1þ 0:12Ls

� �

ð15Þ
This model shows monotonic behavior of the predicted

attenuation with time percentage, rate of rainfall, and ele-
vation angle for a maximum 60 GHz frequency.

3. Experiment description

GSAT-14 satellite signal is tracked at Umiam (25.6768�
N, 91.9270� E), North Eastern Space Application Center
(NESAC), ISRO, Shillong at an elevation angle of
58.53�. The data is collected for the year 2017–2019 with
the help of a beacon receiver, VSAT antenna (horizontal
polarization) of 0.6-meter diameter, and data recording
software with a rate of sampling of 10 Hz. The signal is
received at a frequency of 20.2 GHz. GSAT-14 transmits
linear polarization signal from geostationary orbit at 74�
E with an EIRP of 24 dBW. The actual instruments and
the block diagram of the experimental setup are shown in
Fig. 1(a) and Fig. 1(b). After reception of the signal, it is
down-converted through L-Band down converter after
low noise block converter, and then it is received through
the digital receiver. The signal is then processed at the host
computer. The station height here is 1.5 km (Das and
Maitra, 2016) above mean sea level, and 0� isotherm height
is 4.7573 km according to ITU-R recommendation (ITU-R
P.839-3, 2001).
Fig. 1a. Snapshot of experim
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Collocated rainfall data is collected through Laser Pre-
cipitation Monitor (LPM) at NESAC with a temporal res-
olution of one minute. This experimental setup is the result
of the collaboration of ISRO with CNES/ONERA.

3.1. Location of the study

Umiam, Shillong (25.6768�N, 91.9270�E) is located at
about 1.5 km (Das and Maitra, 2016) altitude, where the
humid climate is prevalent throughout the year. Specifi-
cally, the annual average rainy days of Shillong is about
130, with an annual average total rainfall amount is
approximately 3385 mm.

3.2. Pre-processing of rainfall data and associated radio

signal data

Event-wise rainfall rate and radar reflectivity data are
extracted from the LPM at Umiam, Shillong, for 2017–
2019. The receiver signal is considered for the analysis
based on the rainy days of LPM data. Voltage level corre-
sponding to analog signal from the receiver at 20.2 GHz is
getting digitized with the help of analog to digital converter
(ADC) (make National Semiconductors ADC083000)).
Finally, the signal is transformed into dB after necessary
signal processing. ADC has a sample rate of (2x) 1.45 to
1.8 GHz, bit resolution of 8 bit (�127 to +128), and a full
power bandwidth of 0.1 GHz to 1.5 GHz.

The received signal is then filtered with a 10th order But-
terworth low pass filter with a cut-off frequency of 0.025 Hz
(Matricciani, 2008) to remove the fast fluctuation i.e., scin-
tillation. The difference of measured signal and reference
level is taken as attenuation.

The pre-processing starts (Das et al., 2020) with the seg-
regation of rainy and non-rainy days from the available
data of 2017, 2018, and 2019. Rainfall data availability
of 2017, 2018, and 2019 are 40%, 83.3%, 41.6%, respec-
tively. To observe the clear air variation of signals, the
non-rainy days of each monsoon month, approximately
10–11 days, are segregated. This segregation is done for
ental setup for Shillong.



Fig. 1b. Block diagram of the experimental setup.
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each month of the available year 2017, 2018, and 2019. In
the next step, for each month, non-rainy signal level values
are separately averaged before filtering. Then for removing
scintillation, further processing of average non-rainy signal
level has been done by filtering with the same cut-off fre-
quency. Now the clear sky signal, or in other words, non-
rainy days signal, is used as a reference signal level for
the calculation of attenuation (dB) for that particular
month. Finally, total attenuation is considered the differ-
ence of reference signal level (dB) from the measured signal
level (dB) at the time of rain. Cloud attenuation is not sep-
arately considered over here. Rain attenuation at this fre-
quency can be approximated as total attenuation as the
contribution to attenuation due to rain is much more com-
pared to the attenuation due to other atmospheric
constituents.
Fig. 2. (a) Rain rate and (b) rain attenuation at 20.2 GHz at Umiam,
Shillong on 13th June 2018.

Fig. 3. Complementary cumulative distribution of rain attenuation at
20.2 GHz for the events of the years 2017 and 2018. ITU-R model and
ChangSheng model calculated attenuation over Umiam, Shillong at the
same frequency are also shown for comparison.
4. Results

4.1. Performance comparison of existing rain attenuation

model

Elevation angle adjustment in the signal reception at a
hilly terrain is a major issue for a reliable satellite link
design. Moreover, non-homogeneity of the rain rate in
space and the time significantly influence attenuation
caused by rain in the hilly region. ITU-R rain attenuation
model (Rec. ITU-R P.837-4, 2003) and some other popu-
lar models of rain attenuation show non-monotonic
behavior of attenuation in relation to the time and the
rain rate at low latitude region (within 36�N and 36�S)
and below 25� elevation angle (Changsheng et al., 2018).
Fig. 2 depicts the rain rate of an event of 13th June
2018 and its corresponding attenuation at 20.2 GHz. Here
Chang Sheng model (Changsheng et al., 2018) and com-
monly used ITU-R model (ITU-R P.838-3, 2005) pre-
dicted attenuation are compared in terms of
complementary cumulative distribution function (CCDF)
in Fig. 3 with experimental measurement of attenuation
at 20.2 GHz over Umiam, Shillong for the year 2017
and 2018. The result shows severe overestimation of the
actual measurement by both the ITU-R model and the
Chang Sheng model.
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Most of the models used so far have already shown the
non-monotonic behavior of attenuation with elevation
angle. In addition to this problem within low latitude
(within 36�S and 36�N) and low elevation angle (within
25�), attenuation shows non-monotonic behavior with the
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rain rate and the percentage of the time. The Chang Sheng
model has considered all these factors and introduces a rain
rate adjustment factor to improve the existing models.
Therefore Chang Sheng model is used here for comparison
with the measured data, and the ITU-R model (ITU-R
P.838-3, 2005) predicted attenuation.

The overestimation by Chang Sheng model is due to the
change in rain attenuation pattern by orographic influence
due to the presence of hills over this location. An attempt is
made in this study to address the issue with the insertion of
an orographic adjustment factor in rain attenuation predic-
tion. This may prevent unnecessary power wastage at the
time of link design.
Fig. 4. Complementary cumulative distribution of experimentally mea-
sured rain attenuation at 20.2 GHz of the year 2017–2018 and the fitted
curve.

Fig. 5. Time series of experimentally measured rain attenuation at
20.2 GHz and proposed model predicted attenuation for (a) 11th June
2019 and (b) 8th July 2019.
4.2. Proposed model of rain attenuation for hilly region

Rain attenuation due to orography is therefore sepa-
rately considered in the proposed model by introducing
an orographic adjustment factor. Chang Sheng model
already considers the probable factors like length of the
slant path, the distance between receiver and the location
of maximum rain rate, the path averaged rain rate, surface
point rain rate, the latitude and the longitude of station,
the elevation angle, the polarization tilt angle and the sta-
tion height. The recent improvement of the ITU-R model
i.e., Chang Sheng model as defined by equation (11), is
taken as the base model for proposed model development.
Due to the presence of hills in the present study location,
the background precipitation intensity differs from the
plain location. Therefore the rainy path length changes
compared to that have been assumed by the Chang Sheng
model over the plain location. Here an attempt has been
made to adjust the path length of the Chang Sheng model
and to fit with the experimentally measured complementary
cumulative distribution function (CCDF). The equation is
further modified in the following way to account for the
orographic rain of the hilly region as follows:

Aimproved ¼ k½r pð ÞR pð Þ�a 0:48 � Ls� ð3:949exp0:5322p

� 10:96exp�90:56p ð16Þ
The above equation is based on the experimentally

received signal from the GSAT-14 satellite of two years
(2017 to 2018) of measurement over Shillong (25.5�N,
91.8�E). Fig. 4 shows the experimental value of the attenu-
ation for the years 2017 and 2018 along with the fitted
model for Umiam, Shillong. From the figure, there is a very
good match is observed in between the fitted curve and the
measured data of 2017 and 2018.
Fig. 6. Complementary cumulative distribution of experimentally mea-
sured rain attenuation at 20.2 GHz compared with developed model
calculated attenuation for the year 2019.
4.3. Performance of the proposed model

Fig. 5(a) and Fig. 5(b) show the proposed model pre-
dicted attenuation time series along with measured time
series of 11th June 2019 and 8th July 2019. Fig. 6 shows
the proposed model predicted attenuation complementary
cumulative distribution function for 2019 with the mea-
606
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sured attenuation. Up to 0.01% of time, there is a good
match of the proposed model with experimental data and
after that there is a very slight mismatch has been found.
This mismatch may be due to not considering cloud atten-
uation separately which can be significant in Ka-band and
for heavy convective clouds. However, the root mean
square error (RMSE) and correlation coefficient between
the proposed model and experimentally measured value
shown in Table 1, indicates a good agreement between
the proposed model and the experimental data. Fig. 7
shows the variation of the orographic adjustment factor
with the variation of percentage of the time. This projec-
Table 1
Quantitative prediction errors between proposed model predicted atten-
uation and experimentally measured attenuation.

Year RMSE Correlation Coefficient

2019 3.0986 0.988

Fig. 7. Variation of orographic adjustment factor with percentage of time.

Fig. 8. Rain attenuation variation calculated by proposed model with
different elevation angle for rain rate 10 mm/hr to 80 mm/hr at frequency
40 GHz.
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tion may be helpful for the prediction of attenuation over
the hilly tropical location.

Along the gradient of the hill, low elevation angle causes
severe attenuation, which can’t be measured due to the lack
of experimental facility. Scaling of attenuation based on
the elevation angle can solve this issue partially. The vari-
ation of attenuation at 40 GHz earth space link predicted
by the newly developed model with the angle of elevation
at different rainfall rates is shown in Fig. 8. Attenuation
shows a nearly monotonic relation with the elevation angle
indicating higher attenuation at higher rain rate up to
80 mm/hr, which conforms to the behavior shown in
Chang Sheng model.
Fig. 9. Rain attenuation variation calculated by proposed model with
different elevation angle for rain rate 10 mm/hr to 80 mm/hr at frequency
60 GHz.

Fig. 10. Variation of attenuation ratio calculated by proposed model with
different elevation angle for rain rate 50 mm/hr and at frequency 26 GHz.



Fig. 11. Variation of attenuation with elevation angle at rain rate 40 mm/
hr for different frequencies.
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The performance of new model is further tested in Fig. 9
for higher frequencies. It can be concluded from Fig. 9 that
at 60 GHz, attenuation varies monotonically with the ele-
vation angle for a wide rain rate range (10–80 mm/hr.).

For a typical frequency of 26 GHz and rain rate 50 mm/
hr., attenuation ratios for different elevation angles have
been plotted in Fig. 10. Attenuation ratio means here the
ratio of the low elevation angle attenuation and the high
elevation angle attenuation. Its value greater than one con-
firms the expected higher attenuation in low elevation
angle, which is not always true in the ITU-R model
(Changsheng et al., 2018). This improvement of the ITU-
R model found in the Chang Sheng model is retained in
the proposed model.

The predicted attenuation for frequency ranges from
10 GHz to 60 GHz is shown in Fig. 11. Given the present
commercial demand of 20 GHz frequency band and con-
sidering the gradual demand of higher frequency bands in
the near future, the proposed model can help in frequency
scaling of attenuation when only low-frequency attenua-
tion data is available for low elevation angle range up to
20�.
5. Conclusion

An improvement over the latest modification of the
ITU-R model i.e., Chang Sheng model, is carried out to
account for the orographic contribution in rain attenuation
at 20.2 GHz. As the hilly terrain is prone to rainfall due to
updraft of wind across the hills and due to the random nat-
ure of elevation in hill topography, experimental study over
this region is essential before the satellite link design for
commercial purposes. The model is developed based on
two years (2017–18) of experimental data and validated
against the year 2019. The proposed model predicted atten-
uation is found to show monotonic behavior with the vari-
ation of elevation angle, rain rate, and frequency for high-
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frequency operation. The proposed model is found to have
a correlation coefficient of 0.988 and RMSE of 3.0986
while comparing the model with separate one year of data
of this particular place. The proposed model is also opti-
mized for the specific elevation angle range, the rain rate
range, and the frequency range. The proposed model is use-
ful in efficient power utilization in link designing for this
high rainfall hilly region, particularly for the uplink power
control (ULPC) system. However, further validation of the
proposed model over several hilly regions is required to
reconfirm the performance of the proposed model.
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